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Roseville Rail Yard Study Part I:  Risk Characterization 

Risk Characterization 
for the Union Pacific Railroad’s J.R. Davis Yard 

Roseville, California 

INTRODUCTION 

The California Air Resources Board (ARB or Board) conducted a health risk 
assessment of airborne particulate matter emissions from diesel-fueled locomotives at 
the Union Pacific J.R. Davis Yard (Yard) located in Roseville, California.  The results 
from that evaluation are presented in this report which is comprised of two parts. 
Part I, Risk Characterization for the Union Pacific Railroad’s J.R. Davis Yard Roseville, 
California, provides a less technical and more easily understood explanation of health 
risk assessment results. It also is intended to explain what the risk assessment results 
mean and to put the results in perspective with other related environmental and public 
health risks. Part II, Health Risk Assessment for the Union Pacific Railroad’s J.R. Davis 
Yard Roseville, California, provides a detailed assessment of the potential health risk 
near the Yard due to diesel particulate matter (diesel PM) emissions from locomotives. 

BACKGROUND 

The Placer County Air Pollution Control District (District) requested help from the ARB in 
determining the potential public health risks from diesel PM emissions due to locomotive 
activities at the J. R. Davis Yard (rail yard or Yard) in Roseville, California. Roseville is 
a rapidly growing area and development over the past several years has put more 
residences in close proximity to the rail yard. With an increasing population near the 
Yard, complaints regarding the rail yard operations and concerns about possible health 
risks have been raised. The rail yard is situated near the heart of Roseville, 
encompassing about 950 acres on a one-quarter mile wide by four-mile long strip of 
land that parallels Interstate 80. The Yard is bounded by commercial, industrial, and 
residential properties. The Yard is the largest service and maintenance rail yard in the 
West with over 30,000 locomotives visiting annually. 

FINDINGS AND RECOMMENDATION 

To summarize, the key findings of the study are: 
· The diesel PM emissions in 2000 from locomotive operations at the Yard are 

estimated to be about 25 tons per year. 
· Moving locomotives account for about 50 percent, idling locomotives account for 

about 45 percent, and locomotive testing accounts for about 5 percent of the total 
diesel PM emissions at the Yard. 

· Computer modeling predicts potential cancer risks greater than 500 in a million 
(based on 70 years of exposure) northwest of the Service Track area and the Hump 
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and Trim area. The area impacted is between 10 to 40 acres. To provide some 
perspective on the size, an acre is about the size of a football field. 

· The risk assessment show elevated concentrations of diesel PM and associated 
cancer risk impacting a large area. These elevated concentrations of diesel PM, 
which are above the regional background level, contribute to an increased risk of 
cancer and premature deaths due to cardiovascular disease and non cancer health 
effects such as asthma and chronic obstructive pulmonary disease. Potential cancer 
risk and the number of acres impacted for several risk ranges are as follows: 
ü Risk levels between 100 and 500 in a million occur over about 700 to 1,600 acres 

in which about 14,000 to 26,000 people live. 
ü Risk levels between 10 and 100 in a million occur over a 46,000 to 56,000 acre 

area in which about 140,000 to 155,000 people live. 

· The magnitude of the risk, the general location of the risk, and the size of the area 
impacted varies depending on the meteorological data used to characterize 
conditions at the Yard, the dispersion characteristics, and the assumed exposure 
duration and breathing rate for the proposed population. 

. 
· Given the magnitude of diesel PM emissions and the large area impacted by these 

emissions, short term and long term mitigation measures are needed to significantly 
reduce diesel PM emissions from the J.R. Davis Rail Yard. 

RISK ASSESSMENT RESULTS 

A risk assessment uses mathematical models to evaluate the heath impacts from 
exposure to certain chemicals or toxic air pollutants released from a facility or found in 
the air. In order to perform the risk assessment, 
data was needed on the levels or concentrations of 
the diesel PM. At this time, there is no monitoring 
technique that allows scientists to directly measure 
diesel PM in the air. In order to estimate the 
concentrations of diesel PM, an emissions inventory 
was developed and an air dispersion model was 
then used to estimate the resulting concentration of 
diesel PM in the air. The air dispersion model uses a variety of information, such as the 
amount of pollutant emissions, weather or meteorology data, and the location and 
height of the emissions release, all of which can greatly affect the final results. A 
detailed description of how the risk assessment was done, including all of the 
supporting technical data and results, can be found in Part II of this report, Health Risk 
Assessment. 

A risk assessment is a tool 
used to evaluate the 

potential for a chemical or 
pollutant to cause cancer 

and other illnesses. 

In a risk assessment, risk is expressed as the number of chances in a population of a 
million people who might be expected to get cancer over a 70-year lifetime. However, 
for informational purposes only, the risk is sometimes reported for other exposure times, 
such as a 30-year or a 9-year risk. The longer the exposure, the greater the risk will be. 
In this part, only the 70-year lifetime risk is presented. Information on risk levels 
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associated with 30-year exposures are presented in Part II. This analysis focuses on 
potential cancer cases due to exposure to diesel PM emissions. However, there is a 
growing body of scientific data suggesting that exposure to fine particulate matter may 
be responsible for premature death and 
morbidity (illness) due to respiratory and 
cardiovascular disease. The sensitive 
subpopulations include people with pre-existing 
cardiovascular disease and respiratory disease, 
including asthma, particularly those who are 
also elderly. The overall noncancer mortality 
from diesel PM exposure may exceed the 
cancer mortality by a considerable amount. 
The levels of exposure to diesel PM from the 
estimated emissions of diesel PM at the Yard 
were calculated using two meteorological data 
sets (Roseville and McClellan) and for both 
urban and rural dispersion characteristics in the 
air dispersion model. Two meteorological data 
sets were used because there are no direct 
meteorological measurements at the yard, and 
there is some uncertainty about the 
representativeness of both the Roseville and 
McClellan data sets. The use of the two sets provides the best estimate of the expected 
range of levels or concentrations of diesel PM around the rail yard. Dispersion 
characteristics refer to the type of land use, such as whether there are buildings near-by 
or open fields. Both urban and rural dispersion characteristics were used because the 
land uses around the rail yard have properties of both. The predicted diesel PM 
concentrations near the Yard (within one mile) were estimated using urban dispersion 
characteristics, while diesel PM concentrations greater than one mile from the Yard 
were predicted using rural dispersion characteristics. This was done in order to simplify 
the presentation of the results while still providing a reasonable estimate of possible 
exposures. In the discussion below, the results based on the various predicted 
concentrations are presented. 

For cancer health effects, the risk is expressed 
as the number of chances in a population of a 
million people who might be expected to get 
cancer over a 70-year lifetime. The number 
may be stated as “10 in a million” or “10 
chances per million”. Often times scientific 
notation is used and you may see it expressed 
as 1 x 10-5.or 10-5 . Therefore, if you have a 
potential cancer risk of 10 in a million, that 
means if one million people were exposed to a 
certain level of a pollutant or chemical there is 
a chance that 10 of them may develop cancer 
over their 70-year lifetime. This would be 10 
new cases of cancer above the expected rate 
of cancer in the population. The expected rate 
of cancer for all causes, including smoking, is 
about 200,000 to 250,000 chances in a million 
(one in four to five people). 

Estimated Potential Cancer Risk 

Figure 1 and Figures 2a and 2b present the estimated potential cancer risk levels due to 
diesel PM emissions at the Yard. For this analysis, staff elected to present the cancer 
risk data as risk concentration isopleths focusing on risk levels of 10, 25, 50, 100, and 
500 in a million. Figure 1 focuses on the near source risk levels and Figure 2a and 2b 
focus on the more regional impacts. In each figure, the risk isopleths are overlaid onto 
a map of the Roseville area surrounding the Yard. The solid isopleth lines are based on 
the Roseville meteorological data and the dashed isopleth lines are based on the 
McClellan meteorological data. 

Figure 1 shows the 100 and 500 in a million risk isopleths.  As shown, the areas with the 
greatest impact have an estimated potential cancer risk of over 500 in a million. 
Depending upon the meteorological data set, and using urban dispersion 
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characteristics, the areas exceeding 500 in a million ranges between 10 to 40 acres. 
The primary area with risks estimated above 500 in a million is shown in the center of 
Figure 1 toward the top of the Yard on the left. This off-site area is adjacent to the 
Service Track area which includes the maintenance shop. The high concentration of 
diesel PM emissions is due to the number of locomotives and the nature of activities in 
this area, particularly idling locomotives. The second area with risk estimates above 
500 in a million is shown in Figure 1 just south of the county line and to the left of the 
Yard. This offsite area is adjacent to the Hump and Trim area. Based on the 2000 U.S. 
Census Bureau's data, between 500 and 700 Roseville residents live in these areas. 

Figure 1 
Estimated Cancer Risk from the Yard 

(100 and 500 in a million risk isopleths) 
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The second area of impact, with an estimated potential cancer risk of 100 to less than 
500 in a million, ranges between 700 to 1600 acres. Again, the size of the area of 
impact is highly dependent upon the meteorological data set used. The area of impact 
is primarily to the north west of the Yard. Based on the 2000 U.S. Census Bureau’s 
data, between 14,000 and 26,000 residents live in this area. 

Figures 2a and 2b show the area where the predicted cancer risk exceeds 10, 25, and 
50 in a million. Figure 2a displays the results using the Roseville meteorological data. 
As shown in figure 2a, the elevated risk levels are primarily to the northwest of the Yard 
(predominate wind direction) and decreases as the distance from the Yard increases. 
The largest area of impact has an estimated potential cancer risk of greater than 10 in a 
million. This area encompasses approximately 46,000 acres. The contour lines of 10 in 
a million are broken because the risk levels do not fall below 10 in a million within the 
model domain. In other words, the 10 in a million isopleth goes well beyond the 
boundaries of the figure. Based on the 2000 U.S. Census Bureau's data, about 140,000 
people live in the 10 to 100 in a million isopleth shown on the figure and within the 
model domain. 

Figure 2b shows the risk isopleths using the McClellan meteorological data.  Again, the 
10 in a million isopleth goes well beyond the boundaries of the figure.  The area 
between the 10 and 100 in a million isopleth encompasses approximately 55,000 acres 
where an estimated 155,000 residents live. 

What these results indicate is that the diesel PM emissions from the rail yard are widely 
dispersed out over the greater Roseville area at levels that pose a cancer risk concern. 
It is important to understand that these risk levels represent the predicted risk due to 
diesel PM above the existing background risk levels. For the broader Sacramento 
region the estimated background risk level from diesel PM is estimated to be 360 in a 
million for diesel PM and 520 in a million for all toxic air pollutants. 
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calculated by a risk assessment is intentionally designed to avoid underprediction. 
There are also many uncertainties in the health values used in the risk assessment. 
Some of the factors that affect the uncertainty are discussed below. 

When available, as is the case with diesel PM, scientists will use studies of people 
exposed at work to estimate risk from environmental exposures. The occupational 
exposures in these studies are usually much higher than environmental exposures 
encountered by the general public. In addition, scientists often do not have enough 
information to be able to predict how a chemical may affect any one person because we 
are unique and respond differently. Also the actual worker exposures to diesel PM were 
not measured but were derived based on estimates of emissions and duration of 
exposure. Different studies suggest different levels of risk. When the ARB's Scientific 
Review Panel (SRP)4 identified diesel PM as a toxic air contaminant, they considered a 
range of inhalation cancer potency factors (1.3 x 10 –4 to 2.4 x 10 –3 (µg/m3) –1) and 
recommended that a risk factor of 3x10 -4 (µg/m3)-1 be used as a point estimate of the 
unit risk. From the unit risk factor an inhalation cancer potency factor of 1.1 (mg/kg-
day)-1 may be calculated. 

As mentioned above, there is no direct measurement technique for diesel PM. For this 
analysis, an air dispersion model was used to estimate the concentrations that the 
public is exposed. The air dispersion models use a variety of information, all of which 
can affect the final results. All of these factors make up the “uncertainty” in the risk 
assessment. 

4 The Scientific Review Panel (SRP/Panel) is charged with evaluating the risk assessments of substances 
proposed for identification as toxic air contaminants by the Air Resources Board (ARB) and the 
Department of Pesticide Regulation (DPR). In carrying out this responsibility, the SRP reviews the 
exposure and health assessment reports and underlying scientific data upon which the reports are based, 
which are prepared by the ARB, DPR, and the Office of Environmental Health Hazard Assessment 
(OEHHA) pursuant to the sections 39660-39661 of the Health and safety Code and sections 14022-
14023 of the Food and Agriculture Code. These reports are prepared for the purpose of determining 
whether a substance or pesticide should be identified as a toxic air contaminant. 
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Roseville Rail Yard Study Part II:  Health Risk Assessment 

Health Risk Assessment 
for the Union Pacific Railroad’s J.R. Davis Yard 

Roseville, California 

I. EXECUTIVE SUMMARY 

At the request of the Placer County Air Pollution Control District (District), the California 
Air Resources Board (ARB or Board) conducted a health risk assessment of airborne 
particulate matter emissions from diesel-fueled locomotives at the Union Pacific J.R. 
Davis Yard (Yard) located in Roseville, California. Union Pacific Railroad Company 
(UP) assisted in the project by providing extensive information on facility operations and 
emissions. 

The purpose of this Roseville Rail Yard Study Part II:  Health Risk Assessment, is to 
provide a detailed assessment of the potential health risk near the Yard due to diesel 
particulate matter (diesel PM) emissions from locomotives.5 The risk assessment 
included developing an inventory of diesel PM emissions at the Yard, conducting 
computer modeling to predict increases in the ambient air concentrations of diesel PM 
in the surrounding community due to locomotive activity, and assessing the potential 
cancer risks from exposure to the predicted ambient air concentrations of diesel PM. 
As a reminder, Part I of the Roseville Rail Yard Study, entitled “Risk Characterization” 
explains the results from the risk assessment in less technical and more easily 
understood terms. Part I also compares the predicted cancer risk from the Yard to other 
individual sources of diesel PM emissions, as well as to the overall cancer risk produced 
by airborne toxic compounds in California. 

Presented below is a summary of the key findings of the study followed by an overview 
that briefly discusses how the exposure and risk assessments were performed to 
evaluate potential cancer risks from exposure to diesel PM from locomotive activities at 
the J.R. Davis Rail Yard.  For simplicity, the overview discussion is presented in 
question-and-answer format. The reader is directed to subsequent chapters in Part II 
for more detailed information. 

A. Summary of Findings 

To summarize, the key findings of the study are: 
· The diesel PM emissions in 2000 from locomotive operations at the Yard are 

estimated to be about 25 tons per year. 
· Moving locomotives account for about 50 percent, idling locomotives account for 

about 45 percent, and locomotive testing accounts for about 5 percent of the total 
diesel PM emissions at the Yard. 

5  Diesel PM was identified as a toxic air contaminant by the ARB in 1998. 
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· Computer modeling predicts potential cancer risks greater than 500 in a million 
(based on 70 years of exposure) northwest of the Service Track area and the Hump 
and Trim area. The area impacted is between 10 to 40 acres. 

· The risk assessment shows elevated concentrations (= 10 in a million) of diesel PM 
and associated cancer risk impacting a large area. These elevated concentrations, 
which are above the regional background level, of diesel PM contribute to an 
increased risk of cancer and premature deaths due to cardiovascular disease and 
non cancer health effects such as asthma and chronic obstructive pulmonary 
disease.  Potential cancer risk and the number of acres impacted for several risk 
ranges are as follows: 
ü Risk levels between 100 and 500 in a million occur over a 700 to 1600 acre area 

in which about 14,000 to 26,000 people live. 
ü Risk levels between 10 and 100 in a million occur over a 46,000 to 56,000 acre 

area in which about 140,000 to 155,000 people live. 

· The magnitude of the risk, the general location of the risk, and the size of the area 
impacted varies depending on the meteorological data (Roseville or McClellan), the 
dispersion characteristics (urban or rural), the assumed exposure duration (70 or 30 
years) and the breathing rate (95th, 80th, and 65th percentile). 

B. Overview 

1. What are exposure and risk assessments? 

An exposure assessment is an analysis of the amount (concentration) of a substance 
that a person is exposed to during a specified time period. This information is used in a 
risk assessment to evaluate the potential for a chemical to cause cancer or other health 
effects. Mathematical models are used in both exposure and risk assessments to 
evaluate the potential health impacts from exposure to chemicals. The input to the 
mathematical models used to estimate potential health risk for substances emitted in to 
the air includes data and assumptions regarding: 

· the magnitude and duration of the diesel PM emissions, 
· the weather, (i.e. meteorology), 
· human behavior patterns (i.e. the length of time someone is exposed), 

breathing rate, body weight 
· and the toxicity of the substances. 

The predicted concentrations and health impacts (e.g., cancer risk) presented in a site-
specific health risk assessment are assumed to exist in excess of background 
concentrations or resulting health risks. For an individual person, cancer risk estimates 
are commonly expressed as a probability of developing cancer from a lifetime (i.e., 70 
years) of exposure. Cancer risks are typically expressed as “chances per million”. 

For example, if the cancer risk were estimated to be 100 chances per million, then the 
probability of an individual developing cancer would be expected to not exceed 100 
chances in a million. If a population (e.g., 1 million people) were exposed to the same 
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potential cancer risk (e.g., 100 chances per million), then statistics would predict that no 
more than 100 of those million people exposed are likely to develop cancer from a 
lifetime of exposure (70 years) due to diesel PM emissions from the Yard. 

While there are inherent uncertainties in each of the variables, mentioned above, risk 
assessments are an effective tool to help assess an exposed populations relative risk 
from exposure to a toxic air contaminant. However, because there are inherent 
uncertainties in each of the variables that go in to a risk assessment, one needs to 
recognize that there is considerable uncertainty in estimating the risk for a specific 
individual or at a specific location. Generally, risk assessment results should not be 
considered as exact estimates of a specific individual’s risk. Risk assessment results 
are best used to compare the relative risk between one facility and another and for 
comparing potential risks to target levels to determine the level of mitigation needed. 
They are also an effective tool for determining the impact a particular control strategy 
will have on reducing risk. 

2. Why did ARB staff conduct an assessment of the J.R. Davis Rail Yard? 

The ARB staff conducted an assessment of the J.R. Davis Rail Yard at the request of 
the Placer County Air Pollution Control District (District). After a recent expansion at the 
Yard, the District received a significant increase in noise and diesel exhaust emission-
related complaints from residents of the City of Roseville that live near the J.R. Davis 
Rail Yard. To address the growing concerns of nearby residents and to better 
understand the diesel particulate matter (PM) emission impacts and the related health 
effects, and to determine if mitigation measures are needed, the District requested the 
ARB to prepare an exposure assessment of diesel PM emissions and its related heath 
impacts generated by activities at the J.R. Davis Rail Yard.  To the ARB staff's 
knowledge, no comparable assessment of a similar facility has been prepared and 
reported in available literature. 

3. Why is ARB concerned about Diesel PM? 

Diesel engines emit a complex mixture of air pollutants, composed of gaseous and solid 
material. The visible emissions in diesel exhaust are known as particulate matter or 
PM, which includes carbon particles or "soot". In 1998, ARB identified diesel PM as a 
toxic air contaminant based on its potential to cause cancer, premature deaths, and 
other health problems. Health risks from diesel PM are highest in areas of concentrated 
emissions, such as near ports, rail yards, freeways, or warehouse distribution centers. 
Exposure to diesel PM is a health hazard, particularly to children whose lungs are still 
developing and the elderly who may have other serious health problems. 

Health impacts from exposure to the fine particulate matter (PM2.5 ) component of diesel 
exhaust have been calculated for California, using concentration-response equations 
from several epidemiologic studies.  Both mortality and morbidity effects have been 
associated with exposure to either direct diesel PM2.5 or indirect diesel PM2.5, the latter 
of which arises from the conversion of diesel NOx emissions to PM2.5 nitrates. It was 
estimated that 2000 and 900 annual premature deaths resulted from exposure to either 
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1.8 mg/m3 of direct diesel PM2.5 and 0.81 mg/m3 of indirect diesel PM2.5 , respectively, for 
the year 2000. The mortality estimates are likely to exclude cancer cases, but may 
include some premature deaths due to cancer, because the epidemiologic studies did 
not identify the cause of death. Exposure to fine particulate matter, including diesel 
PM2.5 can also be linked to a number of heart and lung diseases. For example, it was 
estimated the 5,400 hospital admissions for chronic obstructive pulmonary disease, 
pneumonia, cardiovascular disease and asthma were due to exposure to direct diesel 
PM2.5 in California. An additional 2,400 admissions were linked to exposure to indirect 
diesel PM (Lloyd. 2001) 

4. Where is the J.R. Davis Rail Yard located and what locomotive activities 
occur there? 

The Yard occupies about 950 acres, on a one-quarter mile wide by four-mile long strip 
of land that parallels Interstate 80, near the City of Roseville, California. Approximately 
two-thirds of the area of the Yard is located in Placer County with the remaining one-
third in Sacramento County. Downtown Roseville and residential neighborhoods are 
located along the southern side of the Yard. On the northern side are residential areas 
as well as industrial zones. In the southeast, however, it is predominantly residential 
neighborhoods. As you move away from the Yard to the northwest, the area becomes 
more rural in nature. The J.R. Davis Rail Yard has been operating in the City of 
Roseville since 1905. At the Yard, trains are classified (locomotives and train cars are 
connected or taken apart) and locomotives undergo routine maintenance, servicing, and 
repair. 

About 31,000 locomotives stopped at the Yard during the year in which UPRR collected 
statistics for the ARB. Another 15,000 locomotives used the Northside Tracks (through 
trains) during this period. These locomotives have very large diesel-fueled engines. 
Locomotive engines generally last 30 to 40 years. Because more effective emission 
standards for locomotive engines have only recently been promulgated by the 
U.S. Environmental Protection Agency (U.S. EPA), and are just now being phased in, 
emissions of both diesel PM and oxides of nitrogen (NOx) from locomotives remain very 
high relative to many other sources. 

5. What are the diesel PM emissions from locomotive activities at the J.R. 
Davis Rail Yard? 

The emissions of diesel PM from locomotive activities at the Yard in 2000 were 
estimated to be approximately 22 to 25 tons per year. About 50 percent of the diesel 
PM emissions are from locomotives moving through the different areas in the Yard, 
about 45 percent are from idling locomotives, and approximately 5 percent are from 
locomotives undergoing testing. 

By area, the Service Area (the area around the maintenance shop) had the highest 
diesel PM emissions, about 8 tons per year. The Service Area is located at about the 
mid-point of the Yard on the northern side (See Figure II-1 on page 20). In the Service 
Area, the predominant source of emissions, about 75 percent of the total, is from idling 
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locomotives. The Hump Area and Trim Area had the next highest emissions, with 7.5 
tons per year diesel PM. 

6. How were the diesel PM concentrations near the Roseville Rail Yard 
estimated? 

ARB staff used the U.S. EPA approved computer model (ISCST3) to estimate the 
annual average offsite concentration of diesel PM resulting from locomotive activity at 
the Yard. The key inputs to the computer model were the diesel PM emissions 
information (both magnitude, timing, and location), the meteorological data (wind speed 
and direction), and the dispersion coefficients (rural or urban). The emissions inventory 
was developed working closely with Union Pacific Rail Road and the District. This 
inventory represents the most complete inventory for the J. R. Davis Yard and is based 
primarily on year 2000 data. 

Two different sets of historical meteorological data were used in this analysis to 
estimate the dispersion and transport of diesel PM emissions from the Yard. One set, 
the Roseville meteorological set, was from a site about a mile from the Yard. The 
second set, the McClellan meteorological set, was from a site about 10 miles from the 
Yard. Since the area surrounding the Roseville Rail Yard has both urban and rural 
characteristics the modeling was also done using both the urban and rural dispersion 
coefficients. Based on current land use patterns near the Yard, ARB staff elected to 
use urban dispersion characteristics within one mile of the Yard and rural dispersion 
characteristics beyond one mile from the Yard. 

7. How were the potential cancer risks from diesel PM estimated? 

The potential cancer risks were estimated using standard risk assessment procedures 
based on the annual average concentration of diesel PM predicted by the model and a 
health risk factor (referred to as a cancer potency factor) that correlates cancer risk to 
the amount of diesel PM inhaled. 

The methodology used to estimate the potential cancer risks is consistent with the 
Tier-1 analysis presented in the OEHHA, Air Toxics Hot Spots Program Risk 
Assessment Guidelines (September 2003). A Tier 1 analysis assumes that an 
individual is exposed to an annual average concentration of a pollutant continuously for 
70 years.6  A more refined risk assessment (Tier 2) can be performed when additional 
site specific information concerning the exposed population is available. However, in 
most cases, adequate site specific information about the exposed population was not 
available. This was the case in the Roseville Study. The cancer potency factor was 
developed by the Office of Environmental Health Hazard Assessment (OEHHA) and 
approved by the SRP as part of the process of identifying diesel exhaust emission as a 
toxic air contaminant (TAC). Diesel PM was identified as a TAC in 1998 after 10 years 
of extensive investigation. 

6According to the OEHHA Guidelines, the relatively health-protective assumptions incorporated into the 
Tier 1 risk assessment make it unlikely that the risks are underestimated for the general population. 
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8. What are the results?7 

The potential cancer risk from the estimated emissions of diesel PM at the Yard were 
calculated using two meteorological data sets (Roseville and McClellan) and for both 
urban and rural dispersion characteristics.8 

Figure I.1 presents the predicted 100 and 500 in a million cancer risk isopleths  for the 
two meteorological sets (Roseville and McClellan) using the urban dispersion 
characteristics. ARB staff believes that the urban dispersion characteristics are most 
appropriate for predicting the near source impacts from the Yard and the rural 
dispersion characteristics are most appropriate for predicting the area-wide impacts. 
The solid line represents the 100 or 500 in a million cancer risk isopleth using the 
Roseville meteorological data. The dashed line represents the 100 or 500 in a million 
cancer risk isopleth using the McClellan meteorological data.  The area inside the 
isopleth has potential cancer risks estimated to be greater than 100 or 500 in a million 
depending on the isopleth.  For example, the number of acres with predicted cancer risk 
levels at 100 in a million or more is approximately 1600 acres using Roseville 
meteorological data and 700 acres using McClellan meteorological data. 

7 All estimated cancer risks reported in the Executive Summary are based on the 80th percentile breathing 
rate that is the midpoint of the range of risk calculated in the risk assessment. The main body of Part II 
provides the more detailed information on the entire range of risk, which is calculated using the 
65th to 95th percentile breathing rates.
8 Dispersion coefficients are used in air dispersion models to reflect the land use (rural or urban) over 
which the pollutants are transported. The rural dispersion coefficient generally results in wider dispersion 
of the pollutant hence a larger “footprint” whereas an urban coefficient results in less dispersion of the 
pollutant and a smaller footprint. Because the area around the Yard contained both urban and rural land 
use types, the model was run with both dispersion coefficients. 
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Figure I.1: Estimated Cancer Risk from the Yard 
(100 and 500 in a million risk isopleths) 
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Notes: 100/Million Contours:  Solid Line – Roseville Met Data; Dashed Line-McClellan Met
 Data, Urban Dispersion Coefficients, 80th Percentile Breathing Rate, All Locomotives’
 Activities (23 TPY), 70-Year Exposure 

Figures I.2a and 1.2b present the potential risk for the two different meteorological data 
sets using the rural dispersion coefficient. As stated previously, staff believes that the 
rural dispersion characteristics are most appropriate for predicting the area-wide source 
impacts from the Yard. The isopleths for 10, 25, and 50 in a million potential cancer risk 
are shown. Figure 1.2a provides the estimated cancer risk isopleths using the Roseville 
meteorological data and Figure 1.2b the results using the McClellan meteorological 
data. As can be seen in the figures, the area in which the risks are predicted to exceed 
10 in a million is very large, covering about a 10 mile by 10-mile area. The estimated 
number of acres, including areas outside of the modeling area, with a predicted cancer 
risk of 10 in a million or greater is in excess of 55,000 acres. 
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Figure I.2a: Estimated Cancer Risk from the Yard Using Roseville Met Data
                      (10, 25, and 50 in a million risk isopleths) 
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Notes: Roseville Meteorological Data, Rural Dispersion Coefficients, 80th Percentile Breathing 
Rate, All Locomotives’ Activities [23 TPY], 70-Year Exposure 
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Figure I.2b: Estimated Cancer Risk from the Yard Using McClellan Met Data
                      (10, 25, and 50 in a million risk isopleth) 
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Using the U. S. Census Bureau’s year 2000 census data, we estimated the population 
within the isopleth boundaries.9  As shown in Table I.1, over 165,000 people live in the 
area around the Yard that has predicted risks of greater than 10 in a million. Also 
shown in Table 1.1 is the average risk level within each risk zone. For example the 
average risk within the > 500 Roseville risk zone is 645 in a million. 

Table I.1: Summary of Average Risk by Risk Zone and Acres Impacted 

Meteoro- Risk Zone Based on Dispersion Average Acres Impacted Estimated Year 
logical Data Figures 1.1 and 1.2a Characteristic Risk (rounded) 2000 Population 
Source and b Isopleth Estimated 

Boundaries Based on 
(70 Year Exposure) Years 

Exposed 
70 years 

Roseville Risk > 500 Urban 645 40 685 
Risk > 100 and < 500 Urban 170 1,600 25,800 
Risk > 10 and < 100 Rural 40 45,900 139,000 

Total 47,500 165,000 

McClellan Risk ³  500 Urban 630 10 460 
Risk > 100 and < 500 Urban 156 700 14,200 
Risk > 10 and < 100 Rural 28 55,500 155,000 

Total 56,200 169,000 
Notes: Model domain for rural dispersion coefficient is 16km x 18 km with a resolution of 200m x 200m. 

For the urban dispersion coefficient the model domain is 6km x 8 km with a resolution of 50m x 
50m. The 80th percentile breathing rate for adults was used. 

Figures I.1 and I.2a and b are based on an exposure duration of 70 years.  OEHHA 
guidelines recommend a 70-year exposure duration for a Tier 1 evaluation.  The 
OEHHA guidelines also provide that a 30-year exposure duration may also be 
evaluated as supplemental information to show the range of cancer risk based on 
different residency periods. Table I.2 shows the equivalent risk level for 70- and 30-
year exposure duration. Using this table, the 10 in a million isopleth line in Figures I.2 a 
and b would become 4.3 in a million if the exposure duration was 30 years for an adult. 

Table I.2: Equivalent Risk Levels for 70 and 30-Year Exposure Duration 

Exposure Duration 
(years) 

Equivalent Risk Level
 (chance in a million) 

70 10 100 500 
30 4.3 43 215 

The estimated concentrations of diesel PM due to emissions from the rail yard are in 
addition to regional background levels of diesel PM. Although emissions from the rail 

9 To estimate the population, a GIS map of the model domain was overlaid with the 2000 census tract 
boundaries, and the percentage area of a given census tract within an isopleth was determined.  The 
population of the census tract was then weighted with the percentage area of that census tract within the 
isopleth. 
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yard also contribute to the regional background, the measurable effect should be small. 
The regional background risk due to diesel PM emissions has been estimated to be 
360 per million for the entire Sacramento Valley in the year 2000.  Figure 1.3 provides a 
comparison of the predicted average potential cancer risk in various isopleths to the 
regional background risk from diesel PM. For example, in the greater than 500 isopleth 
or risk range, the average risk above the regional background is 645. Residents living 
in that area would have a potential cancer risk over 1,000. (645 per million due to rail 
yard emissions and 360 per million for regional background) (ARB 2004). 

Figure 1.3:  Comparison of Roseville Rail Yard Risks to the Regional
 Background Levels in the Sacramento Region for Diesel PM 
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9. Has monitoring been conducted to verify the model predictions. 

No. Currently there is no specific measurement technique for directly monitoring diesel 
PM emissions in the ambient air. However this does not preclude the use of an ambient 
monitoring program to measure general air quality trends in a region. However, 
surrogate tests using elemental carbon can be very expensive. Since cancer risk is 
based on an annual average concentration, a minimum of a year of monitoring data 
would generally be needed. A monitoring study to validate the modeling results using 
elemental carbon would involve numerous monitors operating for at least a year. The 
cost of such a program is likely to be quite high, ranging from several hundred thousand 
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to possibly several million dollars to complete. Past studies have used black carbon or 
elemental carbon measurements along with detailed emissions inventories to draw 
conclusions about the relative contributions of diesel PM emissions. As such, PM 2.5 
elemental carbon monitoring can provide general information on combustion-related 
particulate matter in a region. 

10. Have the diesel PM emissions at the Yard changed since 2000, the year for 
which the health risk assessment was conducted? 

Without additional data, it is difficult to determine the emissions trends at the Yard since 
the year 2000. According to Union Pacific Rail Road, several actions have been taken 
to modify their locomotive fleet and operations at Roseville in ways that could decrease 
emissions associated with many locomotive activities. Some of the actions taken 
include replacing older locomotives with Tier 0 or better locomotives, installation of auto 
start-stop devices to limit idling, fuel efficiency improvements, modification of load test 
procedures, and operation efficiency improvements. While the exact diesel PM 
emissions benefits at the Yard have not been determined, UP indicates that they 
believe these efforts have resulted in actual emission reductions at the Yard. On the 
other hand, California has experienced a tremendous increase in the volume of cargo 
being moved through our Ports that could potentially result in additional rail traffic and 
diesel PM emissions. For example, based on fuel consumption data provided by the 
two Class 1 freight railroads operating in California, there was a 4 percent per annum 
increase in fuel consumption between 1998 and 2002. (BNSF & UP. 2004). Because 
of this, a more extensive analysis of the projected growth in activity and the impacts 
from emission reduction strategies is needed to determine if the emissions at the Yard 
have changed since 2000 and determine the degree to which emission reduction 
actions have offset the increased emissions due to growth in locomotive activities at the 
Roseville Yard. 
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II. INTRODUCTION 

This report presents our evaluation of the potential air quality and public health impacts 
of diesel particulate matter (diesel PM) emissions from locomotive activities at the Union 
Pacific J.R. Davis Rail Yard  (J.R. Davis Yard or Yard) located in Roseville, California. 
In this chapter, Air Resources Board (ARB) staff provides an overview of the report, the 
reasons for conducting the exposure assessment, a description of the J.R. Davis Yard, 
as well as the process used to develop for the exposure assessment. 

A. Overview 

Exposure or risk assessment is a complex process that requires the analysis of many 
variables to simulate real-world situations. Three steps were taken to perform the 
exposure assessment for the J.R. Davis Yard: 

· Development of a diesel PM emissions inventory that reflects the amount of diesel 
PM released annually from locomotive activities at the Yard. 

· Air dispersion modeling to estimate the ambient concentration of diesel PM that 
results from these emissions. 

· Characterization of the exposures at nearby residences and estimation of increased 
potential cancer risk associated with long-term exposures to these concentrations. 

The following chapters provide a description of each element of the exposure 
assessment. Detailed supporting information is included in the appendixes. 
Specifically, the following information is provided: 

· the methodology used in developing the locomotive diesel PMemissions inventory 
for the J.R. Davis Yard; 

· a summary of the estimated diesel PM emissions inventory for the J.R. Davis Yard; 
· a discussion on the air dispersion modeling conducted to estimate ambient 

concentrations of diesel PM; 
· the results of the air dispersion modeling and the sensitivity studies; and 
· an estimate of the potential impacts (potential cancer risks) to nearby residences 

due to exposure to ambient concentrations of diesel PM from locomotive activities at 
the J.R. Davis Yard. 

B. Purpose 

The ARB staff conducted this exposure assessment at the request of the Placer County 
Air Pollution Control District (District). After a recent expansion at the Yard, the District 
recognized a significant increase in noise and diesel exhaust emissions related 
complaints from residents of the City of Roseville that live near the J.R. Davis Yard.  To 
address the growing concerns of nearby residents and to better understand the diesel 
PM emissions impacts, the District requested the ARB to prepare an exposure 
assessment of diesel PM emissions generated by activities at the J.R. Davis Yard. 
(Nishikawa. 2000) In response, the ARB agreed to work with the District to estimate the 
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exposures associated with diesel PM emissions from current and future J.R. Davis Yard 
operations. (Kenny. 2000) 

C. Description of the J.R. Davis Yard 

The J.R. Davis Yard operates 24 hours a day, 7 days a week, and 365 days a year.  It is 
Union Pacific’s largest, most modern railroad classification yard in the Western United 
States. The J.R. Davis Yard serves as a classification,10 maintenance, and repair 
facility for the Union Pacific Railroad (UPRR). Approximately 98 percent of Union 
Pacific’s Northern California traffic moves through the J. R. Davis Yard. 

Figure II.1 is an aerial photo of the J.R. Davis Yard.  Various areas within the Yard are 
identified the photo also shows the interface between the J.R. Davis Yard and the 
surrounding commercial and residential areas. 

Figure II.1: Aerial Photo of J.R. Davis Yard 
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10 Classification refers to the building and breaking down of trains. 
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The J.R. Davis Yard consists of approximately 950 acres situated on a one-quarter mile 
wide by four-mile long strip of land. Approximately two-thirds of the area of the J.R. 
Davis Yard is located in Placer County with the remaining one-third in Sacramento 
County. 

A brief summary of the locomotive movements and activities within the J.R. Davis Yard 
that correspond to the labeled areas in Figure II.1 is provided below. Additional details 
are presented in Chapter III. 

All arriving trains either go to one of the three receiving yards (Main Receiving Yard, 
Rockpile Yard or City Yard) or pass through the Yard on the Northside Tracks. For 
those trains arriving in one of the receiving yards, the locomotives are disconnected 
from the train and will follow one of two pathways. One pathway is to the Subway, 
which is used for rapid turn-around-fueling operations when full routine service is not 
required. The locomotives, which are coupled into groups of engines (known as 
consists), move from the Subway to either the Main Departure Yard or staging area for 
the City Yard or Rockpile Yard.  The locomotives are connected to a train and depart 
from the Yard. 

The other pathway, which the majority (approximately 75 percent) of arriving 
locomotives travel, has the locomotives moving from one of the receiving yards to the 
Service Area for service or maintenance prior to movement to the Ready Tracks where 
consists are formed. The newly formed consists will move from the Ready Tracks to 
either the Main Departure Yard or the staging area for the City Yard or Rockpile Yard. 
From here, the locomotives are connected to rail cars and depart the Yard. 

The railcars disconnected from the arriving trains are taken to the Hump and Trim area 
by switcher locomotives for classification (building of trains). Likewise, the railcars are 
brought to the waiting locomotive (consists) in the departure yards by switcher 
locomotives for connection prior to leaving the Yard. 

D. Development of the Exposure Assessment 

To help facilitate and coordinate the collection and interpretation of the technical data 
necessary for the exposure assessment, a working group was formed with 
representatives from the ARB, the District and UPPR. The working group established 
goals and objectives for the project and identified timelines for deliverables of activity 
data and information on Yard operations. The working group met periodically to review 
data, identify data gaps and issues, and resolve technical issues. 

The key tasks were: 

· Develop a diesel PM emissions inventory for the yard 
· Conduct air dispersion modeling using the diesel PM emissions inventory 
· Conduct an assessment of potential cancer risk using the results of the dispersion 

modeling. 

25 



III. LOCOMOTIVE EMISSIONS CALCULATION METHODOLOGY AND ACTIVITY 
ASSUMPTIONS 

In this chapter, ARB staff summarizes the methodology and development of the 
locomotive diesel PM emissions inventory for the J.R. Davis Yard.  Additional details on 
the development of the emissions inventory are provided in Appendix B and C. 

A. Emissions Calculation Methodology 

An air emissions inventory was developed by determining the population and location of 
locomotives within the yard on an annual basis, establishing the activity (moving, idling, 
or testing) for the locomotives in each area, and applying emission factors specific to 
the locomotive model and activity. A simplified equation representing the emissions 
calculation is provided below with a short description of the approach used to determine 
the key inputs: 

Emissions = ? (Locomotive Population) X (Activity) X (Emission Factor) 

· Locomotive Population: The population of locomotives is a function of the number of 
trains arriving and departing the Yard on an annual basis. The number and type of 
locomotives visiting the Yard annually was determined from data provided by UPRR. 
UPRR provided detailed information for trains arriving, departing, and passing 
through the Yard for the period between December 1999 and November 2000. 
UPRR choose the second week of each month (seven consecutive days of 
operation) as a representative period from which to collect the data. The data was 
then extrapolated to represent an entire 1-year period. 

· Activity: Locomotive activity is a function of what that locomotive is doing – moving 
at a certain notch throttle setting, idling, or undergoing maintenance testing. The 
annual, monthly, daily, and hourly locomotive activity in the Yard including 
locomotive movements and routes for arrival, departure, and through trains, 
locomotive service and testing activity (number, type, and duration of testing events 
were determined from the data provided by UPRR. For each activity and location, 
estimates of the notch setting, locomotive speed, and the time spent in each notch 
setting were determined. 

· Emission Factors: The emissions rate for each locomotive is dependent on the 
locomotive model and what activity the locomotive is engaged in (idling, movement, 
testing). Emission factors were developed representing the diesel PM emissions 
rate at idle and at different notch settings for the locomotive models moving through 
the J.R. Yard.  The emission factors for the locomotive models were obtained from 
the General Motors Electromotive Division (EMD), General Electric Transportation 
Systems, U.S. EPA’s Locomotive Emission Standards Regulatory Support 
Document, April 1998, and locomotive emissions testing that was conducted by 
Southwest Research Institute for US. EPA (Fritz, 1995). 
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In the sections that follow, we provide additional details on the information gathered to 
support the development of the emissions inventory for the J.R. Davis Yard. 

B. Locomotive Engine Population 

During the period between December 1999 and November 2000, UPRR collected data 
for 1,453 individual trains and model information for 5,551 locomotives. This 
information was used to determine the total number, and the manufacturer and model of 
locomotives visiting the Yard on an annual basis. 

As shown in Table III.1 Approximately 31,000 locomotives stop at the J.R. Davis Yard 
for service or fueling on an annual basis. Another 15,000 locomotives per year are 
through trains that use the Northside Tracks. The majority of the arriving locomotives, 
approximately 75 percent, are processed through the Service Area where they undergo 
routine service or maintenance. The other 25 percent are fueled at the Subway for 
rapid turn-around and eventual departure from the Yard. 

TABLE III.I: Annual Average Locomotive Traffic at J.R. Davis Yard 
(Estimated for the Period 12/99 – 11/00) 

12/99 - 11/00 
Locomotives Locomotives 

Arrivals/Departures 31,000
 to Service Area 21,500
 to Subway 9,600 

Northside Tracks (through trains) 15,000
 Totals 46,000 

Emissions data for all locomotive engine configurations are not available. Therefore, we 
grouped engines with similar configurations and emissions into classifications. 
Table III.2 identifies 11 locomotive model classifications that was considered 
representative of UPRR’s locomotive inventory for J.R. Davis Yard. 
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TABLE III.2: Locomotive Model Classifications at J.R. Davis Yard 

Model 
Classification* Engine Type 

Locomotive Models Included in 
Classification 

Switchers EMD 12-645E GP-15, SW1500, MP15AC 
GP- 3x EMD 16-645E GP-30, GP-39 
GP- 4x EMD 16-645E3B GP-40, GP-45, P42DC, F40PH 
GP-50 EMD 16-645F3B 
GP-60 EMD 16-710G3A 
SD- 7x EMD 16-710G3B SD- 70, SD-75, SD70M, SD70MAC 
SD-90 EMD 16V265H 
Dash-7 GE 7FDL, 12 cyl. C36-7, B36-7, B30-7, B23-7, U36B 
Dash-8 GE 7FDL, 12 or 16 C41-8, C39-8, B40-8, B39-8, B32-8 
Dash-9 GE 7FDL, 16 cyl. C44-9 

C60-A (AC 6000) GE 7HDL 
*EMD GP and SD series models using the same engines are listed with an “x” identifying multiple model 
numbers within the group. 

As mentioned earlier, during the survey period, UPRR recorded locomotive model 
number for locomotives in each of the three major areas of the yard to allow 
determination of the fleet composition for each area. Figure III.1 presents the percent 
distribution of locomotives by locomotive model classification and location of arrival and 
departure trains. The most common locomotive classifications passing through the 
Yard are the GP-4X, GP-60, Dash-8, and Dash-9. 

Figure III.1: Distribution of Locomotives at the J.R. Davis Yard 
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C. Locomotive Activity Assumptions 

As shown in Figure III.2, all arriving trains either go to the receiving yards or pass 
through the Yard on the Northside Tracks. 

Figure III.2: J.R. Davis Yard Locomotive Activity Schematic 
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For the locomotives arriving in one of the three receiving areas (Main Receiving Yard, 
Rockpile Yard or City Yard), after the locomotives are disconnected from the train, they 
will follow one of two pathways. 
· One pathway is to the Subway, which is used for rapid turn-around-fueling 

operations. After the locomotives are refueled, the consist will move from the 
Subway to either the Main Departure Yard or staging area for the City Yard or 
Rockpile Yard. 
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· The other pathway, locomotives will move from the receiving yards to the Service 
Area for service and/or maintenance prior to movement to the Ready Tracks where 
consists are formed. The newly formed consists will move from the Ready Tracks to 
either the Main Departure Yard or staging area for the City Yard or Rockpile Yard. 

In either pathway, the railcars disconnected from the arriving trains are taken to the 
Hump Area by switcher locomotives for sorting. These recoupled railcars are brought 
from the Trim Area to the departure yards by switchers and ultimately connected to 
locomotives. Finally, the newly formed train leaves the Yard via one of the departure 
yards. 

Emissions from locomotives can result from locomotive movement along a track 
segment, idling in one area, or testing activities. As shown in Figure III.2, depending on 
where a locomotive is in the Yard and the activity that it is engaged in, different 
emissions levels are assigned to the locomotive. 

UPRR provided descriptions of train and locomotive activities in the major areas shown 
previously in Figure III.2. The activities and locations include: 
· Locomotive service activities (number, type, and duration of locomotive activities 

throughout the Yard. 
· Estimates of duration or notch settings for locomotive movements in the Yard, and 

the nominal notch settings, speed, and distance profiles for departing, arrival, and 
through trains. 

Based on this information, the number and model of locomotives on an hourly and daily 
basis were estimated for a year for each location in the Yard. Taking into account the 
estimates of average time spent in each area of activity, the maximum track speed limits 
between each area, and seasonal variation in activity, we allocated a locomotive 
“residence time” to each area of activity (including movements between each area). 

Based on discussions with UPRR, we developed the following estimates of average 
times spent in each area: 

· One-half to one hour in receiving yards prior to movement to either the 
Subway or Staging Track at the  Service Area. 

· Two hours in Subway. 
· One hour in Staging Track (includes time in wash rack area). 
· Three to four hours in Service Tracks area. 
· Two to three hours in Ready Tracks area. 
· Two to four hours in departure yards prior to leaving the Yard. 

The detailed assumption on actual locomotive activities in each of these areas are 
provided in Appendix C. 

30 



D. Locomotive Emission Rates 

Locomotive engine emission rates were developed based on currently available data. 
The emission rate for a given locomotive engine will depend on the engine configuration 
and design, horsepower and the notch setting on the engine.11  For the development of 
the diesel PM emissions inventory for the J.R. Davis Yard, ARB staff, in conjunction with 
UPRR representatives, evaluated available emission rate data. Emission factors for 
different locomotive models were obtained from the General Motors Electromotive 
Division (EMD), General Electric Transportation Systems, U.S. EPA’s Locomotive 
Emission Standards Regulatory Support Document, April 1998, and locomotive 
emissions testing that was conducted by Southwest Research Institute for U.S. EPA 
(Fritz, 1995). Because emission factors were not available for all locomotive models 
ARB staff used engineering judgement to assign emission factors to the eleven model 
classifications for the locomotive engines at the J.R. Davis Yard. 

For this analysis, all locomotives were assigned to one of the 11 locomotive model 
classifications discussed earlier. There was a wide range of emission rates depending 
on the model. For example, the PM emission factors for the idle mode ranged from 
about 16 g/hr to 228 g/hr. At a throttle notch of 2, the PM emission rate ranged from 
76 g/hr to 201 g/hr.  A summary of the emission factors at each notch setting for the 
different classification is provided in Appendix B. 

11 The power settings for locomotive engines are a series of discrete steady-state operating modes, or 
commonly referred to as notch settings. There are generally eight power settings (notches one through 
eight), in addition to low-idle, standard idle, and dynamic brake. These are the only engine power 
settings at which a locomotive can operate, and the engines can only provide power for propulsion in 
notch settings one through eight. Exhaust emissions data supplied by the engine manufacturers suggest 
that emissions can vary significantly by notch setting.  One manufacturer’s engine may be a relatively low 
emitter in one notch setting and be a relatively high emitter in another (reference ”Emissions 
Measurements, Locomotives, Steve Fritz August 1995). 
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IV. LOCOMOTIVE EMISSIONS ESTIMATES 

In this chapter, we provide a summary of the diesel PM emissions inventory for the 
J.R. Davis Yard. Summaries are provided of the total emissions in various areas of the 
Yard, emissions attributed to different locomotive models and activities. Additional 
details on the emission inventory are provided in Appendix D. 

A. Total Diesel PM Emissions and Distribution 

To more easily characterize emissions of diesel PM that result from train or locomotive 
operations in the Yard, the diesel PM emissions were allocated into five areas based on 
specific train or locomotive operations. These areas are summarized in Table IV.1 and 
a detailed schematic and description of the area or activity represented by each area is 
also included in Appendix A. 

Table IV.1: Description of Emissions for the J.R. Davis Rail Yard 
Diesel PM Emission Inventory 

Area Description 
1 Movement to/from Yard boundary and receiving and departure yards (Main 

Receiving Yard, Main Departure Yard, City Yard, and Rockpile Yard) 
including movement on Northside tracks. 

2 Movement/idling within the receiving and departing yards (Main Receiving 
Yard, Main Departure Yard, City Yard, and Rockpile Yard, including idling at 
the Subway). 

3 Service Area: Locomotive idling, testing, and movements in Service Tracks, 
Wash Racks, Modsearch Building, Maintenance Shop, and the Ready 
Tracks areas. 

4 Hump and Trim operations – Movement of arriving rail cars to 
reclassification in Hump Area. Movement of reclassified cars to departure 
yards in Trim Area. Idling of tradeout locomotives during Hump operations. 

5 Movement of locomotives between major locations in Yard (from Main 
Receiving Yard, Main Departure Yard, City Yard, and Rockpile Yard to either 
the Subway or Staging Area, and movement of locomotives from Ready 
Tracks or Subway to Main Departure Yard and City Yard/Rockpile Yard 
staging area). 

Using the data provided by UPRR and the methodology described in Chapter III, the 
range of diesel PM emissions calculated for the Yard is approximately 22 to 25 tons per 
year.12  The emissions ascribed to each area are provided in Table IV.2. 

12 The emissions were also calculated based on a train acceleration-based speed methodology. The 
results of this approach fell within the range of emissions presented in this chapter. See appendix D for 
additional details. 
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Table IV.2: Estimated Diesel PM Emissions for the J.R. Davis Rail Yard 

Location 
Total Diesel PM Emissions 

(tpy)* 
Percent of Total 

Area 1 1.5 6 - 7% 
Area 2 4.6 18 - 21% 
Area 3 7.8 - 8.2 31- 36% 
Area 4 6.4 - 7.9 29 - 32% 
Area 5 1.8 - 2.8 8 - 11% 

TOTAL 22.1 - 25.0 
* Due to the uncertainties in locomotive operations in areas 3, 4, 5, and 6 a range of emissions 

was estimated based on different locomotive models and different potential notch settings. 

The emissions estimates in Area 3 are associated with the Service Area. The 
emissions in this area comprise the largest percentage of emissions in the Yard, at 
approximately 31 to 36 percent of the total. The next highest emission source is the 
movement and idling of locomotives in the Hump and Trim Areas (Area 4) at 29 to 
32 percent, followed by Area 2.  Area 2 comprises the emissions from the movements 
of arriving and departing trains within the Main Receiving and Departure Yards, City 
Yard and Rockpile Yard (including idling of locomotives in these areas and at the 
Subway). About 18 to 21 percent of the emissions are from these activities. Figure IV.1 
is a graphical depiction of the emissions contribution from the various activities in the 
Yard. 
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Figure IV.1: Contribution of Diesel PM by Activity in the Five Areas 
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As shown in Table IV.3, emissions from the testing of locomotives comprise about 6 to 
7 percent of the total emissions.  The remaining emissions are divided approximately 
equally between idling and movement of locomotives in the Yard. Idling comprises a 
larger portion of the overall emissions in the Service Area (Area 3) and in Area 2, which 
includes the emissions in the receiving yards and the Subway. 

Table IV.3: Allocation of Emissions within Each Area to Idling, Movement, 
and Testing Activities 

Area 

Diesel PM Emissions 
Tons per Year (tpy) 

Total Idling Movement Testing 
tpy tpy tpy Tpy 

1 1.5 0 1.5 0 
2 4.6 4.2 0.38 0 
3 7.8 - 8.2 5.7 - 5.8 0.5 - 0.8 1.6 
4 6.4 - 7.9 0.29 - 0.36 6.1 - 7.5 0 
5 1.8 - 2.8 0 1.8 - 2.8 0 

Total 22 - 25 10.2 - 10.4 10.3 - 13 1.6 
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B. Distribution of Emissions by Locomotive Model Groups and Activity 

Tables IV.4A and IV.4B illustrate the distribution of diesel PM emissions by locomotive 
model classification and activity in pounds per day. As can be seen, the GP3X and 
GP4X locomotive classifications account for the largest emissions at 54 and 51 pounds 
per day respectively. 

Table IV.4A and IV.4B presents two emissions totals for idling and movement of 
locomotives in the Yard. These emissions totals are due to the uncertainties in 
locomotive operations in Areas 3, 4, and 5. We’ve portrayed these differences in 
activities and the resultant emission totals as a low-end and high-end (i.e., a range in 
emissions.) The activities (and emissions) identified by Table IV.4A represent the low-
end (22 tpy) and the emissions identified by Table IV.4B represent the high-end of our 
emissions range (25 tpy). 

Table IV.4A: Total (Low-End) Annual Average Diesel PM Emissions (Lbs/Day) 

TOTAL ANNUAL AVERAGE DIESEL PM10 EMISSIONS (LBS/DAY) 
Model Idling 1Movement Testing 1Total 

Switchers 3.6 24.0 0.2 27.8 
GP-3X 6.6 10.2 0.4 17.2 
GP-4X 29.4 11.9 4.3 45.6 
GP-50 0.5 0.4 0.3 1.2 
GP-60 2.1 2.2 1.2 5.5 
SD-7X 1.4 0.8 0.3 2.5 
SD-90 1.0 0.5 0.1 1.6 

DASH 7 0.5 0.3 0.1 0.9 
DASH 8 7.6 3.9 1.1 12.6 
DASH 9 2.8 1.8 0.8 5.4 
C60-A 0.7 0.2 0.0 1.0 
Totals 56.2 56.2 8.8 121 

1. Emissions represent idle + TN1 TPY 22 
Trim set idling 100% switchers 
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Table IV.4B: Total (High-End) Annual Average Diesel PM Emissions (Lbs/Day) 

TOTAL ANNUAL AVERAGE DIESEL PM10 EMISSIONS (LBS/DAY) 
Model Idling 1Movement Testing 1Total 

Switchers 0.4 0.2 0.2 0.7 
GP-3X 10.6 42.7 0.4 53.6 
GP-4X 29.4 16.9 4.3 50.5 
GP-50 0.5 0.6 0.3 1.4 
GP-60 2.1 2.9 1.2 6.2 
SD-7X 1.4 0.9 0.3 2.6 
SD-90 1.0 0.5 0.1 1.6 

DASH 7 0.5 0.3 0.1 0.9 
DASH 8 7.6 4.1 1.1 12.8 
DASH 9 2.8 2.1 0.8 5.7 
C60-A 0.7 0.3 0.0 1.0 
Totals 56.9 71.3 8.8 137 

1. Emissions represent idle + TN2 TPY 25 
Trim set idling 100 % GP-3x 

The differences between the low and high end emissions estimates are due to the 
assumptions used to estimate emissions in areas 3,4, and 5. For the low end estimate, 
we assumed locomotive movements in area 3 and 5 were done at notch 1. Notch 2 
was assumed for the high end estimate.  In area 4, Hump and Trim, either switchers or 
GP-3x locomotives can be used to classify rail cars. The low end estimate was based 
on assuming only switcher locomotives were used and the high end based on assuming 
only GP-3x locomotives were used for this activity. 

Figure IV.2 presents the percent contribution by each locomotive model classification to 
the fleet inventory and to the total13 diesel PM emitted within the Yard. A review of 
Figure IV.2 shows that switchers, GP-3x, GP-4x, and Dash 8 locomotive model groups 
contribute approximately 85 percent of the total diesel PM emitted within the Yard. 
These same model groups represent approximately 70 percent of the locomotive 
inventory for the Yard. The switchers and GP-3X model classifications account for 
approximately 5 percent of the locomotive inventory yet are responsible for over 
35 percent of the total Yard emissions.  This is because these locomotive models are 
dedicated to the Hump and Trim operations. 

13 Total diesel PM represents the average of the low-end and the high-end emissions totals for each 
locomotive model group. 
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Figure IV.2: Total Diesel PM Emissions and Locomotive Inventory 
at J.R. Davis Yard 
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C. Temporal Distribution of Diesel PM Emissions 

The train and locomotive activities that occur in the J.R. Davis Yard occur continuously 
24 hours a day. This same pattern of activity is repeated 7 days a week, 365 days a 
year. Figure IV.3 presents a graphic distribution of the total hourly average diesel PM 
emissions emitted at the Yard. To verify that the emissions were relatively constant 
throughout the day and year we investigated the temporal emissions profiles. As shown 
in Figures IV.3 and IV.4 below, the emissions are relatively constant over a 24-hour 
period and over the year. The peaks in the annual hourly average emissions are 
attributed to operational activities that occur at times of shift changes or maintenance 
activities. 
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Figure IV.3: Hourly Average Diesel PM Emissions at J.R. Davis Yard 
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Figure IV.4: Monthly Diesel PM Emissions for J.R. Davis Yard 
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V. AIR DISPERSION MODELING OF J.R. DAVIS YARD 

In this chapter, we describe the air dispersion modeling performed to estimate the 
downwind dispersion of diesel PM exhaust emissions resulting from the activities at the 
J.R. Davis Yard. A description of the air quality modeling parameters, including air 
dispersion model selection, emission source distribution, locomotive stack data, 
meteorological data selection, model receptor network, and building wake effects, are 
provided. Model input preparation, output presentation, and uncertainty and sensitivity 
analyses are also provided. 

A. Air Dispersion Model Selection 

Air quality models are often used to simulate atmospheric processes for applications 
where the spatial scale is in the tens of meters to the tens of kilometers. Selection of air 
dispersion models depends on many factors, such as, characteristics of emission 
sources (point, area, volume, or line), the type of terrain (flat or complex) at the 
emission source locations, and source receptor relationships. For the Yard, ARB staff 
selected the U.S. EPA Industrial Source Complex Model Short Term Version 3 
(ISCST3, Version 00101) to simulate impacts at nearby receptors due to diesel PM 
emissions.14  The ISCST3 model is a micro-scale , steady-state Gaussian plume 
dispersion model applicable for estimating impacts from a wide variety of emission 
release patterns (point, area, line, and volume) such as those found at the Yard for 
distances up to about 50 kilometers. The model may be used to predict annual average 
concentrations and account for the effects of building downwash as needed for the 
Yard. ISCST3 is also able to simulate the dispersion emissions generated from multiple 
sources and accommodate for both continuous and intermittent sources in flat and 
complex terrain. The application of ISCST3 follows guidance from the U.S. EPA 
Guideline for Air Quality Methods (40 CFR Part 51, Appendix W) (EPA Guidelines). 
The regulatory default options of ISCST3 were selected, which include (USEPA, 
1995a&b): 

·  Stack-tip downwash (except for Schulman-Scire downwash) 
·  Buoyancy-induced dispersion (except for Schulman-Scire downwash) 
·  Final plume rise (except for building downwash) 
·  Treatment of calms 
·  Default for wind profile exponents 
·  Default for vertical potential temperature gradients 
·  Upper-bound concentration estimates for “super-squat” buildings 

14 ISCST3 Version 02035 was released after modeling studies had begun for the Yard. The changes 
between version 00101 and version 02035 include the correcting of problems with the SHRDOW 
emission factor, concatenation of multi-year meteorological files, the area source option of the TOXICS 
application, and a problem with COMPLEX terrain. Since our application of ISCST3 for the Yard does not 
use those options that were modified, it was not necessary to re-run the model with the new code. 
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B. Model Parameters and Adjustments 

The emission sources from the locomotives in the Yard are characterized as either a 
point source or a volume source depending on whether the locomotive is stationary or 
moving. For stationary locomotives, including idling and load testing, the emissions are 
simulated as a series of point sources. Model parameters for point sources include 
emission rate, stack height, stack diameter, stack exhaust temperature, and stack 
exhaust exit velocity. For moving locomotives, the emissions are simulated as a series 
of volume sources to mimic the effects of initial dispersion due to plume downwash. 

The emission rates for individual locomotive stacks are a function of locomotive type, 
notch setting, activity time, duration, and operating location. Stack parameters, for the 
11 locomotive model classifications at the Yard including stack height, diameter, 
exhaust temperature, and exhaust velocity, were obtained from the General Motors, 
Electro-Motive Division and UPRR. Detailed information on the stack parameters is 
presented in Appendix B. Since the stationary locomotives were not uniformly 
distributed throughout the Yard, the locations of individual locomotive emission sources 
which were used for the model inputs were determined based on the detailed 
locomotive distribution and activity information provided by UPRR (see Appendices C 
and D). 

For “through-trains” and movement of locomotives within the Yard, the emissions are 
simulated as a series of volume sources with adjusted initial plume release height. Key 
model parameters for volume sources include initial lateral (syo) and vertical (szo) 
dimensions of volumes and source release height. The initial lateral dimensions are 
estimated by dividing the adjacent source separation distance by a standard deviation 
of 2.15 as recommended in the ISCST3 User’s Guide. Since some rail lines are curved, 
the source separation distances are not uniform within the Yard. 

To consider potential buoyant effects from the exhaust of “through-trains” the volume 
release heights are adjusted based on a sensitivity study for each of the 11 locomotive 
model classification. Due to the diurnal variations of ambient air temperature, the 
adjustment in volume release height are treated separately for daytime (6 am to 6 pm) 
and nighttime (6 pm to 6 am).  Appendix G presents the calculations for the 
adjustments. The initial vertical dimension of each volume source was determined by 
dividing the adjusted source height by a standard deviation of 2.15 as recommended in 
the ISCST3 User’s Guide. 
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Figure VI.5b: Monthly Contribution to Conc. for Various Receptor Distances 
(Roseville Meteorological Data, Urban Dispersion Coefficient) 
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3. Risk Associated with Movement and Idling Activity 

In this section we take a closer look at the impacts associated with two types of sources 
within the Yard, movement activity and idling activity. As stated in Chapter III, there are 
three kinds of activities in the Yard: movement, idling, and testing. The emissions for 
these activities are approximately 10.3, 10.5, and 1.6 tons per year, respectively. For 
simplicity of discussion, we include the emissions of testing into the idling activity. The 
modeling results for the movement and idling activities are presented in Appendix H 
(see Figures H9 and H10). 

Based on the analysis, there are two relatively small offsite areas where the estimated 
risk exceeds 500 cases in a million. The first is adjacent to the Service Area and the 
second is adjacent to the Hump and Trim area. It is possible that the 500 in a million 
estimates adjacent to the Hump and Trim operation are an artifact of how emissions 
from the Ready Track were modeled. However, without additional field observation and 
analysis, ARB staff cannot make a definitive finding. However, we do not believe that 
this additional work would significantly change the results or conclusions of the report. 
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4. Risk Associated with Individual Activities/Areas 

As documented in Chapters III and IV, the locomotive activities occur in many areas of 
the Yard, e.g., the Northside Tracks, Main Departure Yard, Main Receiving Yard, City 
Yard, Rockpile Yard, Subway, Service Area (Staging Tracks, Service Tracks, 
Mod/Search Building, Maintenance Shop and Ready Tracks), and the Hump and Trim 
Operations. We conducted individual air dispersion modeling runs for all Diesel PM 
emissions resulting from locomotive activities in these areas. Each activity has a 
different contribution to the overall cancer cases per million (risks) attributed to 
emissions of diesel PM from locomotives within the Yard. 

The greatest contribution to risks is due to emissions in the Service Area, where cancer 
risk levels are estimated to exceed 500 in a million in the residential area nearby the 
Service Area (see Figure H-11 in Appendix H). Three factors help explain these 
estimates: 

1. Diesel PM emissions generated at the Service Tracks and Ready Tracks account for 
about 31 to 36 percent of the total diesel PM emissions within the Yard. 

2. The areas where the emissions are generated within the Service Area are relatively 
small (concentrated source of emissions) and located close to the Yard boundary. 

3. The predominant emissions activity in this area is idling, which results in localized 
areas of elevated concentration because of lower plume rise caused by lower 
exhaust temperature and lower exhaust exit velocity. 

The second largest contributor to estimated risk is locomotive activity in the Hump and 
Trim Operations area, which account for about 29 to 32 percent of total diesel PM 
emissions emitted within the Yard. The offsite locations adjacent to the Hump and Trim 
Operations (Area 4) are predicted to have 70-year cancer risk levels exceeding 500 
cases per million (see Figure H12 in Appendix H). 

The emissions from departure yards and receiving yard, (Area 2), contribute to the third 
largest risk impact offsite. The risk greater than or equal to 100/million extends to about 
one mile in the downwind direction (see Figure H-13 in Appendix H). The total 
emissions from Main Departure Yard and Main Receiving Yard account for about 18 to 
21percent of total diesel PM emitted within the Yard. 

While a comparison of emissions (Chapter 4, Table IV.2) and the estimated risks 
associated with the three main contributors of emissions and risk (Areas 2, 3, and 4) are 
similar in magnitude, the potential health impacts are at different offsite areas and the 
modeling domains are different. 

D. Uncertainty, Variability, and Model Sensitivity 

To better understand the extent of uncertainty and variability in the modeling results, we 
conducted sensitivity studies using variable values for the modeling parameters, 
including modeling domain and resolution, emission rate, stack exhaust temperature 
and flow rate, meteorological data selection and dispersion coefficients, and building 
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downwash. To reflect the uncertainties and variabilities, the modeling results are 
presented as spatial average range. 

1. Modeling Domain and Resolution 

As stated in the previously, three modeling domains are used in this modeling exercise: 
fine (1km x 1km, or 0.6mi x 0.6mi), medium (6km x 8km, or 4mi x 5mi), and coarse 
(18km x 16km, or 11mi x 10mi). The first domain (fine) is used to capture the levels of 
elevated concentration around the Service Area where there are the busiest activities. 
The second domain (medium) covered the whole Yard and nearby residential areas. 
The third domain (coarse) is utilized to include the estimated risk for in the whole City of 
Roseville and part of the County of Sacramento. Three modeling resolutions are used 
for the fine, medium and coarse domains: 20m x 20m, 50m x 50m, and 200m x 200m, 
respectively. The modeling domain average risks presented here for the purpose of 
comparing of variables only. Table VI.2 summarizes the effects of the modeling domain 
on the spatial average risks, Table VI.3 summarizes the effects of the modeling 
resolution on the spatial average risks. As expected, the smaller the modeling domain, 
the larger the spatial average risk. On the other hand, as the modeling resolution 
increases (moves from coarse to medium to fine), the spatial average risks are 
increased by less than 5 percent. The effect of modeling resolution on the spatial 
average risk is not significant. 

Table VI.2: Effect of Modeling Domain on Spatial Averages 

Met. Data 
Disp. 

Option 
Risk in Domain 1 

(1km x 1km) 
Risk in Domain 2 

(4mi x 5mi) 
Risk in Domain 3 

(11mi x 10mi) 
Roseville Rural 360 – 530 (1.280) 110 – 160 (0.384) 40 – 55 (0.135) 
Roseville Urban 285 – 410 (1.000) 55 – 80 (0.191) 15 – 22 (0.053) 
McClellan Rural 300 – 430 (1.050) 80 – 115 (0.278) 27 – 40 (0.094) 
McClellan Urban 180 – 260 (0.625) 35 – 50 (0.123) 11 – 16 (0.039) 

Note: (1) The values in the parenthesis are diesel PM concentrations, in mg/m3, and 
(2) The modeling resolutions for domain 1, domain 2 and domain 3 are 20m x 20m, 50m x

 50m, and 200m x 200m, respectively. 

Table VI-3. Effect of Modeling Resolutions on Spatial Average Risks in the 
Domain of 4mi x 5mi (Unit in Potential Cancer Cases per Million) 

Met. Data 
Disp. 

Option 
Average Risk 
(50m x 50m) 

Average Risk 
(200m x 200m) 

Roseville Rural 110 – 160 (0.384) 105 – 155 (0.374) 
Roseville Urban 54 – 79 (0.191) 52 – 75 (0.181) 
McClellan Rural 77 – 112 (0.270) 75 – 105 (0.254) 
McClellan Urban 35 – 50 (0.121) 33 – 48 (0.116) 

Note: The values in the parenthesis are spatial averaged diesel PM concentrations, in mg/m3. 
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The dispersion coefficients have a significant effect on risks. The proper selection of 
dispersion coefficients is difficult for this analysis. As we can see from Table VI.2, the 
rural dispersion coefficients produce about a 28 percent greater spatial average risk 
than the urban dispersion coefficient in the fine domain (1km x 1km). By selecting both 
urban and rural dispersion coefficients and evaluating the results for both, we can 
bracket the appropriate dispersion conditions in the modeling domain. 

5. Effect of Building Downwash 

The sensitivity study on building downwash indicated (data not shown) that the buildings 
located in the Diesel Shop area do not have significant effect on the spatial average risk 
(less than 1 percent). The effect of building downwash resulting from the locomotive 
dimensions on the spatial average risks is about 10 percent based on Roseville 
meteorological data with the rural dispersion coefficients in the modeling domain of 
4mi x 5mi. 

E. Summary of Modeling Results 

The estimated offsite diesel PM concentrations and associated potential cancer risk due 
to locomotive activities at the J.R. Davis Yard in Roseville are significant.  The 
magnitude and the extent (size of area) of the predicted cancer risk levels are highly 
dependent on the meteorological data selected, and the use of urban or rural dispersion 
coefficients. 

We conducted four base-case modeling simulations, i.e., Roseville and McClellan AFB 
meteorological data coupled with rural and urban dispersion coefficients. Computer 
modeling predicts potential cancer risks greater than 500 in a million (based on 70 years 
of exposure) northwest of the Service Track area and the Hump and Trim area. The 
area impacted is between 10 to 40 acres. Potential cancer risk and the number of acres 
impacted for several risk ranges are as follows: 
· Risk levels between 100 and 500 in a million occur over about 700 to 1,600 acres in 

which about 14,000 to 26,000 people live. 
· Risk levels between 10 and 100 in a million occur over a 46,000 to 56,000 acre area 

in which about 140,000 to 155,000 people live. 

The magnitude of the risk, the general location of the risk, and the size of the area 
impacted varies depending on the meteorological data (Roseville or McClellan), the 
dispersion characteristics (urban or rural), the assumed exposure duration (70 or 
30 years) and the breathing rate (95th, 80th, and 65th percentile). 

Even though hourly emissions from locomotive activities in the Yard did not have much 
variation, the simulated risks exhibit strong temporal pattern. The daytime (6am to 6pm) 
activity contributes most to risks at nearby receptors. The nighttime (6pm to 6am) 
activity contributes most to risk for the far-away receptors. For seasonal variations of 
the risks, the summer season contributes most for receptors nearest the Yard. 
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APPENDIX A 

J.R. Davis Yard 
Schematic of Major Areas of Activity 
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Major Activities or Areas 

Area 1: Movement from/to boundary of Yard to/from Main Receiving 
Yard, Main Departure yard, City Yard, and Rockpile Yard. 
Movement on Northside of yard is included in this area. 

Area 2: Idling and movement within the Main Receiving and Departure 
Yards, City Yard, and Rockpile Yard. Idling at the Subway. 

Area 3: Idling at Service Tracks, Mod/Search Building, Maintenance 
shop, and Ready Tracks. 

Movements of locomotives from Service Tracks to Mod/Search 
building to Maintenance shop, or Ready tracks. 

Locomotive testing at Service Tracks, Mod/Search building, and 
Maintenance shop (East and West sides). 

Area 4: Hump and Trim Operations – switchers used to move arriving 
rail cars to reclassification (forming new trains) in Hump and 
Trim areas, and the movement of these reclassified cars to 
departure yards. Idling of tradeout locomotive sets during 
Hump operations. 

Area 5: Movement of locomotives from Main Receiving and Departure 
Yards, City Yard, and Rockpile Yard to either the Subway or 
Service Area. 

Movement of locomotives from Ready Tracks and Subway to 
Main Departure Yard or City Yard staging area. 
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APPENDIX B 

Diesel Particulate Matter 
Emission Factors and Stack Parameters for 

Locomotives 
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Appendix B provides the diesel PM emissions factors and stack parameters for 
locomotive models observed on trains entering and leaving J.R. Davis Yard in 
Roseville, California. As discussed in Chapter 4 and Appendix C, 11 different 
locomotive model classifications were identified based on the diesel engines they 
used. 

The Electro-Motive Division (EMD) of General Motors provided the locomotive 
engine exhaust gas parameters for the locomotive models. This information was 
used as inputs for air dispersion modeling, e.g., a g/hr emission factor, stack exit 
velocities, stack dimensions, stack heights, and stack temperatures. 

The following in a brief description of the data presented in the tables contained 
in Appendix B. 

Table B-1: This table presents diesel PM emission factors (EFs) for locomotives 
and the source of the data. This data was compiled from all available emissions 
data for locomotives with the majority of the data obtained from U.S. EPA’s 
Locomotive Emission Standards Regulatory Support Document, April 1998. It 
also identifies additional locomotive model groups that were included in the 11 
different locomotive model groups based on similar engine configurations. 

Tables B-2 through B-8:  These tables contain stack parameters by notch setting 
for specific EMD locomotive models that were considered in UPRR’s locomotive 
fleet. Approximately 66 percent of UPRR’s locomotive fleet are comprised of 
locomotives manufactured by EMD. 
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- -
Idle Dynamic 

Model Number Enaine Tvoe Brake* Throttle Notches D.A.TA REFERENCES 
1 2 3 4 5 6 7 8 

Switchers (1) EMO 12-645E a/bho/hr 2.07 0.80 0.32 0.33 0.31 0.24 0.23 0.28 0.25 0.28 E"A RSD APPENDIX B, 12/17/97 
ho 15 70 72 233 440 669 885 1109 1372 1586 -

a/hr 31 56 23 76 138 159 201 308 345 448 SWITCHERS I 

GP-60 EMO 16-710G3A a/bho/hr 3.18 4.09 0.25 0.31 0.30 0.23 0.21 0.25 0.21 0.23 E"A Locomotive Emissions Reaulation 
ho 5.00 23.00 198.00 430.00 975.00 - 1351.00 1817.00 2637.00 3496.00 4035.00 R3D, Aooendix B, 12/17197 

a/hr 15.90 94.07 49.50 133.30 292.50 310.73 381.57 659.25 734.16 928.05 LINE-HAUL LOCOMOTIVE 
SD-70 EMO 16-710838 a/bho/hr 1.67 2.41 0.26 0.23 0.24 0.20 0.19 0.21 0.24 0.25 E\11ISSIONS MEASUREMENTS -
Table 14, BN#9457, ava Part #3 (SD70MAC ho 1080 13.90 202.00 435.00 978.00 1514.00 2003.00 2876.00 3640.00 4187.00 LOCOMOTIVES BY STEVEN G. FRITZ 

a/hr 18.00 33.50 52.12 99.62 229.83 298.26 388.58 603.96 880.88 1030.00 FINAL REPORT AUGUST 1995 

~ )__ EMO 16-645-E3 a/bho/hr 2.82 1.16 0.34 0.34 0.33 0.25 0.23 0.28 0.24 0.26 E"A RSD APPENDIX B 
ho 17 69 105 395 686 1034 1461 1971 2661 3159 LINE-HAUL LOCOMOTIVE 

a/hr 47.94 80.04 35.7 134.3 226.38 258.5 336.03 551.88 638.64 821.34 E\11D 16-645-E3 
GP-50 EMO 16-645F38 a/bho/hr 2.89 178 0.25 0.30 0.30 0.23 0.21 0.24 0.21 0.24 E"A RSD APPENDIX B 

ho 9 36 205 475 1005 1353 1876 2766 3454 3866 LINE-HAUL LOCOMOTIVE -
a/hr 26.01 64.08 51.25 142.5 301.5 311.19 393.96 663.84 725.34 927.84 

GP-38 (4) EMO 16-645E a/bho/hr 2.53 088 0.32 0.33 0.32 0.24 0.23 0.28 0.26 0.29 E"A RSD APPENDIX B 
ho 15 82 98 333 589 871 1161 1465 1810 2124 LINE-HAUL LOCOMOTIVE -

a/hr 38.00 7200 31.00 110.00 186.00 212.00 267.00 417.00 463.00 608.00 
GE Dash 9 GE 7 FOL, 16 cvlinde a/bho/hr R=CEIVED FROM GENERAL 

- ho E_ECTRIC l(Cert data) 
a/hr 45.872 47.641 59.3804 115.0184 232.4322 253.4752 430.6692 596.216 671.6898 643.2664 Tier O DASH 9 (BNSF 5419) & AC 4400 

§ E Dash 8 GE 7 FOL, 12 or 16 a/bho/hr 2.48 1.63 0.45 0.32 0.31 0.21 0.16 0.14 0.14 0.15 R=CEIVED FROM GENERAL 
9 linder ho 14.9 90.5 191.2 416.2 940.2 1396 2048.4 2668 3352.9 4100.6 E_ECTRIC l(Cert data) 

a/hr 36.952 147.515 86.04 133.184 291.462 293.16 327.744 373.52 469.406 615.09 D.A.SH 8 MFI TIER 0 
GE Dash 7 GE 7 FOL, 12 cvlinde a/bho/hr 9.12 5.32 0.67 0.67 0.35 0.45 0.24 0.18 0.18 0.18 E"A RSD APPENDIX B 

ho 25.00 117.00 150.00 300.00 700.00 1050.00 1550.00 2050.00 2600.00 3000.00 LINE-HAUL LOCOMOTIVE -
a/hr 228.00 622.44 100.50 201.00 245.00 472.50 372.00 369.00 468.00 540.00 

C60-A GE HDL a/bho/hr R=CEIVED FROM GENERAL 
ho E_ECTRIC l(Cert data) - --

a/hr 67.8019 147.869 108.765 168.545 337.9375 305.4352 500.4864 604.6515 713.461 1063.981 TIER O AC6000 UP 7555 
SD-90MACH EMO 16V265H a/bho/hr R=CEIVED FROM GENERAL MOTORS 

ho E11issions test data -
a/hr 61.05 108.50 50.10 99.06 255.85 423.70 561.60 329.28 258.15 933.60 E\11D 

Locomotives Groups 
I -

1l Includes GP15-1, SW1500, MP15, MP15-AC -
·:21 Includes S070, SD75, SD70M & SD70MAC 
rn Includes GP40, GP40-2, SD40-2, SD45-2, GP45, P42DC, F40P~ -

- - -

4) Includes GP38-2, GP38-2L, GP39-2, GP39-2L, GP38-3L, SD38-2 
(5) Includes CL4-9, C44-9W, C44-AC, C44AC/60AC - -
(E,) Includes 832-8, C39-8, 839-8, 840-8, C40-8, C41-8 - - -
(7) Includes 823-7, C30-7, C36-7, 830-7, 836-7, U368 -

Draft 

Table B-1: Diesel PM Emission Factors for Locomotives 
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Draft 

EMD Engine Exhaust Gas Information 
Air intake Temp 90 oF Barometer 29.4 In Hg 

Table B-2 
Switcher, Engine: 12-645E, Stack Diameter: 12", 2 Stacks. 

T/N 
Exhaust 

Flow (cfm) 
Exhaust 
(m^3/s) 

Diameter 
(m) 

Exhaust Velocity 
(m/s) 

Exhaust 
Temp (oF) 

Exhaust Temp 
(oK) 

8 12225 5.7696 0.3048 39.54 830 716 
7 10697 5.0484 0.3048 34.59 747 670 
6 8735 4.1225 0.3048 28.25 655 619 
5 7293 3.4419 0.3048 23.59 577 576 
4 5909 2.7887 0.3048 19.11 499 532 
3 4673 2.2054 0.3048 15.11 421 489 
2 3353 1.5824 0.3048 10.84 325 436 
1 2423 1.1435 0.3048 7.84 222 379 

Idle 1742 0.8221 0.3048 5.63 156 342 
DB-1 4261 2.0110 0.3048 13.78 214 374 

Table B-3 
GP-3X, Engine:16-645E, Stack Diameter: 12", 2 Stacks. 

T/N 
Exhaust 

Flow (cfm) 
Exhaust 
(m^3/s) 

Diameter 
(m) 

Exhaust Velocity 
(m/s) 

Exhaust 
Temp (oF) 

Exhaust Temp 
(oK) 

8 16580 7.82 0.3048 53.62 820 711 
7 14262 6.73 0.3048 46.12 747 670 
6 11647 5.50 0.3048 37.67 655 619 
5 9724 4.59 0.3048 31.45 577 576 
4 7879 3.72 0.3048 25.48 499 532 
3 6230 2.94 0.3048 20.15 421 489 
2 4470 2.11 0.3048 14.46 325 436 
1 3231 1.52 0.3048 10.45 222 379 

Idle 2323 1.10 0.3048 7.51 156 342 
DB-1 5681 2.68 0.3048 18.37 214 374 

Table B-4 
GP-4X, Engine: 16-645E3B, Stack Diameter:36" X 15", 1 Stack. 

T/N 
Exhaust 

Flow (cfm) 
Exhaust 
(m^3/s) 

Diameter 
(m) 

Exhaust Velocity 
(m/s) 

Exhaust 
Temp (oF) 

Exhaust Temp 
(oK) 

8 19850 9.37 0.666 26.89 730 661 
7 16604 7.84 0.666 22.49 728 660 
6 13363 6.31 0.666 18.10 650 616 
5 11143 5.26 0.666 15.10 592 584 
4 8926 4.21 0.666 12.09 522 545 
3 7160 3.38 0.666 9.70 448 504 
2 5057 2.39 0.666 6.85 353 451 
1 3543 1.67 0.666 4.80 233 385 

Idle 2752 1.30 0.666 3.73 173 351 
DB-1 6985 3.30 0.666 9.46 237 387 
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Draft 

EMD Engine Exhaust Gas Information 
Air intake Temp 90 oF Barometer 29.4 In Hg 

Table B-5 
GP-5X, Engine: 16-645F3B, Stack Diameter: 36" X 15", 1 Stack. 

T/N 
Exhaust 

Flow (cfm) 
Exhaust 
(m^3/s) 

Diameter 
(m) 

Exhaust Velocity 
(m/s) 

Exhaust 
Temp (oF) 

Exhaust Temp 
(oK) 

8 23851 11.26 0.666 32.31 634 607 
7 20977 9.90 0.666 28.42 759 677 
6 15293 7.22 0.666 20.72 767 681 
5 12520 5.91 0.666 16.96 641 611 
4 9306 4.39 0.666 12.61 552 562 
3 6998 3.30 0.666 9.48 450 505 
2 5110 2.41 0.666 6.92 382 467 
1 3716 1.75 0.666 5.03 317 431 

Idle 2446 1.15 0.666 3.31 174 352 
DB-1 5517 2.60 0.666 7.47 197 365 

Table B-6 
GP-6X, Engine: 16-710G3A, Stack Diameter: 34" X 14", 1 Stack. 

Exhaust Exhaust Diameter Exhaust Velocity Exhaust Exhaust Temp 
T/N Flow (cfm) (m^3/s) (m) (m/s) Temp (oF) (oK) 
8 22867 10.79 0.6253 35.14 645 614 
7 19818 9.35 0.6253 30.46 678 632 
6 16212 7.65 0.6253 24.91 740 666 
5 11442 5.40 0.6253 17.58 650 616 
4 11206 5.29 0.6253 17.22 565 569 
3 8501 4.01 0.6253 13.06 495 530 
2 6498 3.07 0.6253 9.99 348 449 
1 5165 2.44 0.6253 7.94 275 408 

Idle 2036 0.96 0.6253 3.13 192 362 
DB-1 2281 1.08 0.6253 3.51 204 369 

Table B-7 
SD-70, Engine: 16-710G3B, Stack Diameter: 34" X 14", 1 Stack. 

T/N 
Exhaust 

Flow (cfm) 
Exhaust 
(m^3/s) 

Diameter 
(m) 

Exhaust Velocity 
(m/s) 

Exhaust 
Temp (oF) 

Exhaust Temp 
(oK) 

8 23807 11.24 0.6253 36.59 600 589 
7 21525 10.16 0.6253 33.08 670 627 
6 16565 7.82 0.6253 25.46 710 650 
5 14822 7.00 0.6253 22.78 695 641 
4 11726 5.53 0.6253 18.02 630 605 
3 8838 4.17 0.6253 13.58 550 561 
2 6647 3.14 0.6253 10.22 371 461 
1 5171 2.44 0.6253 7.95 296 420 

Idle 1995 0.94 0.6253 3.07 195 364 
DB-1 2224 1.05 0.6253 3.42 205 369 
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Draft 

EMD Engine Exhaust Gas Information 
Air intake Temp 90 oF Barometer 29.4 In Hg 

Table B-8 
SD-90, Engine: 16V265H, Stack Diameter: 36" X 15", 2 Stack. 

Exhaust Exhaust Diameter Exhaust Velocity Exhaust Exhaust Temp 
T/N Flow (cfm) (m^3/s) (m) (m/s) Temp (oF) (oK) 

8 35511 16.76 0.666 24.05 840 722 
7 29605 13.97 0.666 20.05 900 755 
6 23710 11.19 0.666 16.06 1054 841 
5 19049 8.99 0.666 12.90 1050 839 
4 12705 6.00 0.666 8.61 1050 839 
3 9523 4.49 0.666 6.45 840 722 
2 5337 2.52 0.666 3.62 760 677 
1 3538 1.67 0.666 2.40 670 627 

Idle 2441 1.15 0.666 1.65 530 550 
DB-1 620 600 
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APPENDIX C 

Train and Locomotive 
Activity and Assumptions 
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(Note: Union Pacific Rail Road representatives reviewed a draft version of 
Appendix C and indicated that several data points are considered confidential. 
Throughout this appendix, the confidential data has been redacted and is 
replaced with XXXX.) 

Appendix C provides detailed information on the assumptions used for train and 
locomotive activity. The majority of the train and locomotive data was provided by 
UPRR. UPRR provided detailed information for working trains terminating, originating, 
and passing through J.R. Davis Yard for the period between December 1999 and 
November 2000. The second week of each month (seven consecutive days of 
operation) was chosen to avoid including any unrepresentative peaks in activity 
resulting from holidays that occur at the beginning and end of months. 

UPRR also provided estimates of spatial and temporal distributions for arrival and 
departure trains for the major areas of activity in the Yard. Assumptions for locomotive 
idling and movements in the Yard were developed based on additional information 
provided by UPRR and discussions with the Director of Yard Operations and the 
Managers of the Service Tracks and Maintenance Shop. This information allowed us to 
determine: 

· Paths of arrival and departure trains, as well as, locomotive movements 
through the Yard. 

· The distribution of trains by month and hour of the day for the major areas 
of the Yard. 

· Notch position (throttle settings), time spent in each notch, estimated 
speed or time spent for each activity, and movements of different types of 
trains or locomotives along different segments of track. 

· The fractions of locomotives from each of eleven the locomotive model 
groups. 

· The average numbers of locomotives per consist assigned to trains. 

Train activity can vary from year-to-year, seasonally, and day-to-day due to a variety of 
factors and there is no guarantee that the patterns observed in the data used for the 
exposure assessment will recur in future years. However, staff believe the total arrival 
and departure train activity, their spatial and temporal distributions, and the resultant 
calculations of diesel PM emissions represent the current “best estimates” of train or 
locomotive activities at the Yard available for the exposure assessment. 

Train Activity by Location and Direction 

UPRR provided detailed information on the trains arriving and departing the 
J.R. Davis Yard for the12-month period from December 1999 through November 2000. 
As mentioned previously, the second week of each month was selected to represent the 
trains for each month and to avoid peak periods. UPRR extrapolated the data to 
represent an entire 1-year period. 
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According to UPRR, during the period between December 1999 and November 2000 
they collected data for 1,453 individual trains and model information for 5,551 
locomotives. The data for each of the trains were tabulated to provide: 

· aggregate annual activity estimates (trains per year) for the different types of train 
activity (arrivals, departures, and through trains), directions, and locations within the 
yard; 

· the fraction of total activity occurring in each month, and during each hour of the day; 
and 

· the fleet composition (fraction of locomotives by model number) in use by different 
types of trains (based on the portion of the yard they pass through). (Add Reference) 

In Table C-1 below, the aggregate annual activity estimates for the different types of 
train activity or train for the major areas of activity in the Yard by location and direction 
are shown. There are three types of train events – arriving at the yard, passing through 
the yard, and departing the yard. The total number of “through trains” also includes 
AMTRAK and Burlington Northern Santa Fe train activity. The number of train events 
does not equal the number of locomotives. 

Determination of the Number and Model of Locomotives by Location 

Trains using different portions of the J.R. Davis Yard have different types of load and 
destinations. As a result, the distributions of different locomotive models as well as the 
number of locomotives pulling each train are different. Multiple locomotives or power 
units that are connected to pull a train are referred to as consists. Typically two 
locomotives per consist are used for local and work trains and three locomotives per 
consist are used for long-haul trains. During the survey period, UPRR counted the 
number of locomotives by model number for each of the following areas. The Northside 
tracks (primarily through freight and passenger); the Main Receiving Yard and Main 
Departure Yard (primarily high horsepower, long-haul freight); and the City Yard and 
Rockpile Yard (lower horsepower, local, and UPRR work trains). 

Table C-2 below presents an estimated average number of working locomotives per 
train. As is shown, the typical train has about 3 locomotives per consist. The 
information in Table C-2 was estimated by UPRR from the total number of working 
locomotives arriving or departing from an area, divided by the total number of trains 
arriving or departing from the area. These numbers represent an annual average. On 
occasion, there may be a greater number of locomotives per train. This is due to the 
movement of “power” from one location to another due to seasonal variation in shipping 
or equipment breakdown. 

Locomotive Fleet Composition 

There are a wide variety of locomotive models in the in-use locomotive fleet. These 
models can be grouped in eleven classifications with locomotive models within each 
classification having similar engine configurations. Table C-3 below identifies the 
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eleven locomotive model classifications representative of UPRR’s locomotive inventory 
for the J.R. Davis Yard. 

TRAIN AND LOCOMOTIVE DISTRIBUTIONS 

Table C - 1 Train Activity by Location and Direction 

Trains 
Direction/Event 

Number of Trains in Each Area 
December 1999 through November 2000* 

Northside Main Receiving Main Departure City Yard Rockpile 
EB Arrivals XXXX XXXX XXXX XXXX XXXX 

EB Departures XXXX XXXX XXXX XXXX XXXX 
EB Through XXXX XXXX XXXX XXXX XXXX 
WB Arrivals XXXX XXXX XXXX XXXX XXXX 

WB Departures XXXX XXXX XXXX XXXX XXXX 
WB Through XXXX XXXX XXXX XXXX XXXX 

Totals XXXX XXXX XXXX XXXX XXXX 
*Numbers may not add up due to rounding 

Table C - 2 Average Number of Locomotives per Train 
Location 

Northside 
Main Receiving & 
Departure Yards 

City Yard & 
Rockpile 

Locomotives per train 2.68 3.05 3.01 

Table C - 3 Classification of Locomotive Models at J.R. Davis Yard 
Model Classification* Engine Type Locomotive Models Included in Classification 
Switchers EMD 12-645E GP-15, SW1500, MP15AC 
GP- 3x EMD 16-645E GP-30, GP-39 
GP- 4x EMD 16-645E3B GP-40, GP-45, P42DC, F40PH 
GP-50 EMD 16-645F3B 
GP-60 EMD 16-710G3A 
SD- 7x EMD 16-710G3B SD- 70, SD-75, SD70M, SD70MAC 
SD-90 EMD 16V265H 
Dash-7 GE 7FDL, 12 cyl. C36-7, B36-7, B30-7, B23-7, U36B 
Dash-8 GE 7FDL, 12 or 16 C41-8, C39-8, B40-8, B39-8, B32-8 
Dash-9 GE 7FDL, 16 cyl. C44-9 
C60-A (AC 6000) GE 7HDL 
*EMD GP & SD series models using the same engines are listed with an “x” identifying multiple model numbers within the group 
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Monthly and Hourly Distribution of Trains 

The data provided by UPRR were analyzed to determine the monthly temporal 
distribution (i.e. the fraction of annual total activity occurring in a month) and the hourly 
distribution (i.e., the fraction of daily total activity occurring during a specific hour) of the 
trains passing through the Yard. Figure C-1 and Table C-4 present the percent 
distribution of trains in each month by location in the Yard. The percentages represent 
the fraction of the annual totals, which were calculated by dividing the one-week data 
set for each month by the total number of trains in the twelve-week data set. The month 
to month variation was not very significant. In most cases, the variation between 
months was less than 5 percent at all locations. 

Figure C-2 and Table C-5 present the distribution of trains by the hour of the day. 
These activities were calculated by dividing the number of trains arriving or departing 
during any given hour by the total number of trains. Similar to the month to month 
variation, the distribution of trains by the hour of the day did not vary significantly. 
Overall, the hour to hour variation in activity was less than 5 percent. The peaks in train 
activity during the hours of 5:00 a.m. and 8:00 a.m. reflect increases in Northside 
“through train” activity, and UPRR crew changes. The peaks in train activity during the 
hours of 9:00 a.m. and 10:00 a.m. reflect Maintenance of Way work trains, locals, and 
industry trains that have scheduled start times. UPRR has a Transportation Plan that is 
adhered to for day-to-day operations and peak times for scheduled trains. 
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Figure C - 1: Monthly Distributions of Trains by the Month 
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Table C - 1: Distribution of Trains by Month 

Month Northside 

Main Receiving 
& Departure 
Yards 

City Yard 
Rock pile 

January 9.56% 7.54% 9.65% 
February 8.14% 7.92% 9.46% 
March 9.11% 8.99% 6.86% 
April 8.66% 8.41% 6.12% 
May 7.69% 8.31% 8.16% 
June 6.95% 8.41% 7.42% 
July 8.36% 8.01% 8.53% 
August 7.84% 8.04% 7.05% 
September 7.92% 8.11% 8.35% 
October 8.66% 9.26% 8.35% 
November 8.44% 9.04% 8.91% 
December 8.66% 7.94% 11.13% 
Total 100.00% 100.00% 100.00% 
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Figure C - 2: Hourly Distribution of Trains at the J.R. Davis Yard 
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Table C - 5: Distribution of Trains by Hour of Day 

Hour Northside 

Main Receiving 
and Departure 
Yards 

City Yard 
Rock pile 

1 2.73% 4.67% 2.04% 
2 3.36% 4.72% 4.45% 
3 4.93% 4.29% 1.67% 
4 5.45% 5.44% 3.34% 
5 6.83% 4.87% 1.48% 
6 5.68% 4.34% 2.23% 
7 7.62% 4.19% 0.37% 
8 7.17% 3.67% 1.48% 
9 4.33% 3.77% 13.17% 

10 4.00% 3.02% 14.66% 
11 3.47% 3.20% 5.19% 
12 2.95% 3.52% 4.45% 
13 3.58% 3.02% 8.16% 
14 4.14% 4.67% 3.53% 
15 4.26% 3.82% 4.27% 
16 3.10% 3.87% 6.31% 
17 3.92% 5.69% 4.64% 
18 4.00% 3.55% 1.86% 
19 3.29% 4.62% 3.53% 
20 3.32% 5.27% 3.15% 
21 3.10% 3.42% 2.78% 
22 3.02% 4.24% 2.23% 
23 2.61% 4.22% 3.15% 
24 3.14% 3.90% 1.86% 

Total 100.00% 100.00% 100.00% 
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As mentioned previously, during the survey period, UPRR recorded locomotive model 
number for locomotives in each of the three major areas of the yard by month and hour 
to allow determination of the fleet composition for each area, as well as to determine the 
monthly temporal and hourly distribution. Figure C-3 and Table C-6 present the percent 
distribution of locomotives by model group and location of arrival and departure trains. 
The most common locomotive classifications passing through the Yard are the GP-4X, 
Dash-8, GP-60, and Dash-9. 

Figure C - 3: Distribution of Locomotives at the J.R. Davis Yard 

D I S T R I B U T I O N  O F  L O C O M O T I V E  M O D E L s  B Y  L O C A T I O N  
O F  A R R I V A L S  A N D  D E P A R T U R E S  

( 1 2 / 9 9  -  1 1 / 0 0 )  

0 %  

1 0 %  

2 0 %  

3 0 %  

4 0 %  

5 0 %  

6 0 %  

7 0 %  

8 0 %  

P
E

R
C

E
N

T 

N o r t h s i d e  

R c v g / D e p  Y a r d  

C i t y  Y a r d / R o c k p i l e  

L O C O M O T I V E  M O D E L S  

Table C - 6 
Distribution of Locomotives by Model Group 
Arrival/Departure(12/99 – 11/00) 

Locomotive 
Class Northside 

Main Receiving 
and Departure 
Yards 

City Yard 
Rock pile 

Switchers 0.22% 0.89% 0.99% 
GP-3x 0.70% 3.55% 16.81% 
GP-4x 32.58% 51.40% 70.35% 
GP-50 2.67% 1.59% 0.53% 
GP-60 14.27% 10.47% 4.04% 
SD-7x 5.00% 4.99% 0.73% 
SD-90 3.54% 1.27% 0.20% 
Dash-7 1.88% 1.29% 0.53% 
Dash-8 20.98% 16.22% 4.10% 
Dash-9 16.96% 7.54% 1.59% 
C60-A 1.21% 0.78% 0.13% 
Total 100.00% 100.00% 100.00% 
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Figure C-4 presents a generalized schematic of the train and locomotive acitivites in 
the major areas of the Yard. In the following sets of tables, the key activity 
assumptions for each area are presented. 

Figure C – 4:  Schematic of Train and Locomotive Paths Within J.R. Davis Yard 
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M = Movement 
I = Idle 
T = Testing 
All connectors represent movement 

Summary of Locomotive Activities in Each Area 

The following are brief summaries of the activities in each area identified in Figure C-4 
and the key assumptions used in the development of the emissions inventory. 

Main Receiving Yard, Rockpile Yard, City Yard 

There are three receiving yards at the J.R. Davis Yard. The Main Receiving Yard which 
handles long haul trains and the City Yard and the Rockpile Yard which each handle 
short haul trains. In the receiving yards, the locomotives are disconnected from the 
railcars. Locomotives can spend between ½ to 1 hour in the receiving yards. While in 
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the receiving yards, locomotives can either be idling or moving. During movement, the 
pulling locomotive is in either notch 1 or notch 2.  In the receiving Yard, locomotives can 
also reach notch 3. The Main Receiving Yard only receives incoming trains whereas 
the Rockpile Yard and City Yard are used as both receiving and departure yards. It was 
assumed approximately 31,000 locomotives enter the Yard. 
Subway 

The Subway is used for rapid turn-around fueling when full routine service is not 
required. The maximum service time at the Subway is two hours. During the time 
spent in the Subway locomotives are idling. It was assumed XXXX locomotives are 
serviced each month at the Subway. 

Staging Area 

All locomotives needing routine or unplanned service or maintenance arrive at the 
Staging Area. This is the area prior to entering the Wash Rack (service tracks). 
Locomotives may idle in this area for up to 1 hour. It was assumed approximately 
XXXX locomotives annually enter this area. 

The area comprised of the Service Tracks, Mod/Search Building, and the Maintenance 
Shop are often referred to as the “Service Area.” This is the area in the Yard where the 
majority of the maintenance and servicing of locomotives takes place. Briefly, the 
activities in these areas include: 

Service Tracks 

The Service Tracks are located approximately 500 feet north of the Wash Rack. In this 
area, routine service and fueling is provided. Some quarterly maintenance, other 
periodic maintenance and minor repair work may also occur here. Emissions in this 
area are from locomotives idling and pre or post service testing. Time spent in the 
Service Tracks area depends on the service performed and may range from two to six 
hours. For locomotive servicing that takes longer than 24 hours the locomotives are 
sent to the Mod/Search building or Maintenance shop. It was assumed that 
approximately XXXX locomotives (out of the XXXX locomotives) are serviced in this 
area prior to moving to the Ready Tracks for consisting. The remaining locomotives 
move to the Mod/Search Building or the Maintenance Shop for service or repair that 
takes longer than 24 hours. 

Mod/Search Building/Maintenance Shop 

Listed below are the primary locations where locomotives are typically serviced, prior to 
Shop release. Emissions in these areas are from locomotives idling and pre or post 
service testing. It was assumed that approximately XXXX to XXXX locomotives are 
serviced in these areas. 
· The Mod/Search Building: Unscheduled maintenance, testing, and, if possible, 

repaired. Locomotives requiring major repairs are usually taken to the Shop for 
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these repairs and any subsequent load testing. We assumed approximately 25 
percent of the total are serviced in this area. 

· The Maintenance Shop: The remaining 75 percent are serviced in this area. 

- East End – Planned maintenance or major unscheduled repairs. Pre-
testing and load testing occurs here. 

- West End – Testing of locomotives after completing shop maintenance 
prior to release. 

Five types of testing events were identified by UPRR. One or more test events may be 
associated with a single locomotive servicing. 
· Planned Maintenance Pretests. This test is typically performed before semiannual, 

annual, biennial, and triennial maintenance and inspections. 

· Planned Maintenance Load Tests. This is a standard load test following 
semiannual, annual, biennial, and triennial maintenance. 

· Quarterly Maintenance Tests. This is a brief test (average duration – 10 minutes) 
following quarterly maintenance. Pre-maintenance testing is not required for 
quarterly maintenance. 

· Unscheduled Maintenance Diagnostic Testing. Locomotives brought in for 
unscheduled maintenance typically undergo a brief diagnostic test prior to servicing. 

· Unscheduled Maintenance Load Tests. Unscheduled maintenance commonly does 
not require any testing following service if the diagnostic testing identifies the nature 
and cause of a problem whose repair can be verified without additional testing. If 
not, a standard 30-minute load test is conducted following repair. 

According to standard service practices post-maintenance load testing (e.g., quarterly 
10-minute or 30-minute testing following planned or unscheduled service) is the final 
step prior to releasing a locomotive from the shop areas. A review of the available data 
showed that increased numbers of locomotive were released toward the ends of shifts. 
Therefore, it was reasonable to assume that post-maintenance testing is not uniform 
throughout the day and occurs during the hour a locomotive is released. 

No data was available to identify the time of day for pre-service testing events. 
However, service personnel estimated that these events occur uniformly throughout the 
day. Thus, 1/24 of 4.2 percent of those test activities can be assumed to occur in each 
hour of the day. 

While some variation was seen in monthly locomotive releases and testing totals, no 
seasonally dependent pattern was expected. Therefore, on the average daily releases 
and testing estimates were assumed to be 1/365 of annual totals. 

Ready Tracks 

Once locomotives are released from the Service Area they will move to the Ready 
Tracks for consisting. The newly formed consists will then move to the Main Departure 
Yard, City Yard, or Rockpile Yard. Locomotives may spend 2-3 hours idling in the 
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Ready Tracks area. It was assumed that approximately XXXX locomotives are annually 
consisted. 

Main Departure Yard, City Yard, and Rockpile Yard 

The total horsepower of locomotives are matched to trainload in the Ready Tracks area, 
i.e., consisting. The consist moves to a departure yard to connect to railcars. The 
newly formed train idles in their respective yard until departure to yard boundary 
(Antelope Rd on the west, and Linden Street-Marysville “Y” on the east). It was 
assumed that approximately 31,100 working locomotives annually depart from the Yard. 

Hump and Trim 

The Hump Operations have three sets of locomotives, two working and one trade-out 
set. However, only one set is actually working at any given time. The other working set 
is kept at the west-end of the Main Receiving Yard, which is either idling or turned-off. 
The Trim Operations have five sets of locomotives, three working and two trade-out 
sets. The tradeout sets for both operations are kept at the Service tracks, and they are 
either idling or turned-off. 

Locomotive Movements 

There are several areas within the Yard where locomotives are moving at various notch 
settings. These are briefly described below. 

Movement from/to Yard Boundaries to/from Receiving/Departure Yards: 

Departing trains accelerate from a stop to a maximum speed of 15 mph from main 
departure tracks, with maximum speed in notch 3. Departures from the City Yard and 
Rockpile Yard travel at a maximum speed of 5 mph until reaching yard boundary, with a 
maximum speed in notch 2. 

Arrival trains entering the Yard are either moving or enter from a stop position. Trains 
are stopped prior to entering the Yard for traffic control purposes. The maximum speed 
and notch setting are the same as for departing trains. 

Movements within the Yard: 

There are several areas in the Yard where one locomotive of each consist is on and 
pulling in notch setting of 1 or 2 and the other locomotives are either idling or off. These 
include: 

Movements from the arrival yards to Staging Area (Service Tracks) or Subway and from 
these areas to departure yards. 

C - 12 



Movements in Service Area: Movement occurs from Staging Area to Wash Rack, wash 
to servicing, Service Tracks to Ready Tracks (for consisting), Ready Tracks to 
departure yards. 

Movements in Maintenance Shop Areas:  Movement from Service Tracks to the 
Mod/Search Building or the Maintenance Shop. Shop releases, from either of these 
locations go directly to the Ready Tracks for consisting. Consists leave the Ready 
Tracks to departure yards. 

Northside Tracks 

The train traffic on the Northside is controlled out of UPRR’s Omaha office. These 
trains either stop for crew changes or pass through, e.g., AMTRAK. The maximum 
speed limit for the Northside is 40 mph, which can be reached in notch 5 or notch 6. 

A brief summary of each of the following tables that describe the key activity 
assumptions is presented below. A general assumption was applied throughout our 
work regarding distance traveled in a specific notch setting. We divided the distance 
traveled equally by the number of notch settings engaged to travel that distance. 

Table C - 7 :  This table presents estimated average train speeds, notch settings, and 
distance traveled for arrival and departure trains by location and direction to/from the 
Yard boundary. The total distance column represents the distance traveled from Yard 
boundary (depending on whether it is an eastbound or westbound arrival or departure 
train) to or from a receiving or departing yard. We assumed locomotives on arrival 
trains idled for 0.5 hours in their respective arrival locations prior to disconnecting from 
a train; and, the locomotive consists idled for 2.0 hours prior to leaving their respective 
departure locations. 

Table C - 8: This table presents the track length, train speed and distance traveled in 
each notch setting for each location listed. 

Tables C – 9 and C - 10: These tables present the assumed idling times in the 
identified areas for all locomotives passing through the Yard. Crew changes only occur 
on the Northside Tracks, and result in an arrival and departure event. The in-bound 
locomotive area, identified in Figure D-4, is the pre-service staging area for 
locomotives. 

Tables C – 11 and C - 12: These tables present the assumed times for locomotive 
consists to travel from one location to another within the Yard. 
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TABLE C-7: TRAIN AND LOCOMOTIVE ACTIVITY 
*TOTAL 

DISTANCE 
(m/mi) 

RW IDLING 
TIME (hr) 

ESTIMATED AVERAGE SPEED (MPH) PER NOTCH SETTING 

TN-1 TN-2 TN-3 TN-4 TN-5 TN-6 
CITY YARD

 EB DEPARTURES 636/0.4 2.00 5.00 5.00
 WB ARRIVALS 636/0.4 0.50 5.00 5.00
 DISTANCE IN NOTCH miles 0.21 0.21 

CITY YARD
 WB DEPARTURES 4018/2.5 2.00 5.00 5.00
 EB ARRIVALS 4018/2.5 0.50 5.00 5.00
 DISTANCE IN NOTCH miles 1.25 1.25 

RECEIVING YARD 
EB ARRIVALS 1787/1.11 0.50 6.00 12.00 15.00
 DISTANCE IN NOTCH miles 0.37 0.37 0.37
 WB ARRIVALS 1364/0.85 0.50 6.00 12.00 15.00
 DISTANCE IN NOTCH miles 0.28 0.28 0.28 

DEPARTURE YARD 
EB DEPARTURES 2645/1.64 2.00 6.00 12.00 15.00
 DISTANCE IN NOTCH miles 0.55 0.55 0.55
 WB DEPARTURES 751/0.47 2.00 6.00 12.00 15.00
 DISTANCE IN NOTCH miles 0.16 0.16 0.16 

NORTHSIDE 
EB DEPARTURES 3437/2.14 0.25 6.00 12.00 15.00
 WB ARRIVALS 3437/2.14 0.25 6.00 12.00 15.00
 DISTANCE IN NOTCH miles 0.71 0.71 0.71 

NORTHSIDE 
EB ARRIVALS 2445/1.52 0.25 6.00 12.00 15.00
 WB DEPARTURES 0.25 6.00 12.00 15.00
 DISTANCE IN NOTCH miles 0.51 0.51 0.51 

NORTHSIDE 
THROUGHS 5882/3.66 20.00 30.00 40.00
 DISTANCE IN NOTCH miles 1.00 1.33 1.33 

*Distance is measured from boundary of each area to the boundary of the yard (by direction), i.e., City yard EB distance is from EB of that area to the 
eastern most portion (boundary) of the yard. This distance is the same for an EB departure and a WB arrival. 

C - 14 



ESTIMATED AVERAGE SPEED (MPH) PER NOTCH SETTING 

TN-1 TN-2 TN-3 TN-4 TN-5 TN-6 
ROCKPILE 3368/2.09

 EB DEPARTURES 2.00 5.00 5.00
 WB ARRIVALS 0.50 5.00 5.00
 DISTANCE IN NOTCH miles 1.05 1.05 

ROCKPILE 645/0.4
 WB DEPARTURES 2.00 5.00 5.00
 EB ARRIVALS 0.50 5.00 5.00
 DISTANCE IN NOTCH miles 0.20 0.20 

TOTAL 
DISTANCE 

(m/mi) 
IDLING 

TIME (hr) 

TABLE C-7, CON'T: TRAIN AND LOCOMOTIVE ACTIVITY 

Formula: Notch Emission Rate (g/s) X DISTANCE (mi) X 3600 (sec/hr)/SPEED OF TRAIN (mph) = grams 

TABLE C-8: WORK AREA DIMENSIONS (TRACK DISTANCE) Distance Miles/Hour 
Meters/Miles TN-1 TN-2 TN-1 TN-2 

DEPARTURE TRACK 3081/1.91 0.96 0.96 6 12 
RECEIVING TRACK 2185 / 1.36 0.68 0.68 6 12 

CITY YARD 1035/0.64 0.32 0.32 5 5 
ROCKPILE 2518/1.56 0.78 0.78 5 5 
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TABLE C-9 LOCOMOTIVE ACTIVITY 
DURATION OF IDLING (s) 

LOCATION EB Arrivals 
WB 

Arrivals EB Departures 
WB 

Departures 
(1) DEPARTURE TRACKS 7200.00 7200.00 

RECEIVING TRACKS 1800.00 1800.00 
CITY YARD 1800.00 1800.00 7200.00 7200.00 
ROCKPILE 1800.00 1800.00 7200.00 7200.00 

(2) NORTHSIDE 900.00 900.00 900.00 900.00 

Assumption 1: Idling times greater than 1 hour (3600 secs) are combined emissions from two sequential, 1-hr. times. 
Assumption 2: A crew change take 30 minutes. Therefore, 15 mins. Idling for arrivals and 15 mins. Idlig for departures (900 s) 

TABLE C-10 LOCOMOTIVE ACTIVITY 
LOCATION IDLING (s) 

(3) SUBWAY 7200.00 
IN-BOUND LOCOMOTIVES 

3600.00(4) WASH RACKS 
(3) SERVICE TRACKS 7200.00 

READY TRACKS 7200.00 
MOD/SEARCH BUILDING 7200.00 
WESTSIDE DIESEL SHOP 3600.00 
EASTSIDE DIESEL SHOP 7200.00 

Conversion table 
secs minutes 
600 10 
900 15 
1800 30 
2700 45 
3600 60 
7200 120 

Assumption 3: Idling times greater than 1 hour (3600 secs) are combined emissions from two sequential, 1-hr. times. 
Assumption 4: Idling emissions of the in-bound area include the idling emissions that occur at the Wash Racks. 
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TABLE C-11: LOCOMOTIVE MOVEMENT TIME (secs) 
LOCATION to/from LOCATION EB WB 

RECEIVING TRACKS to IN-BOUND LOCO AREA 1800.00 2700 
to SUBWAY 1800.00 2700 

CITY YARD to IN-BOUND LOCO AREA 1800.00 2700 

ROCKPILE to IN-BOUND LOCO AREA 2700.00 3600 

SUBWAY to/from CITY YARD 1800 2700 
to/from ROCKPILE 2700 3600 

to DEPARTURE YARD 1800 3600 

READY TRACKS to DEPARTURE YARD 1800 2700 
to CITY YARD 1800 2700 
to ROCKPILE 2700 3600 

Formula: Notch Emission Rate (g/s) X Time in Notch (sec) = grams 

TABLE C-12: LOCOMOTIVE MOVEMENT 
TIME (secs)LOCATION to/from LOCATION 

IN-BOUND LOCO AREA to WASH RACK 300.00 

WASH RACK to SERVICE TRACKS 300.00 

SERVICE TRACKS to MODSEARCH BUILDINGS 900.00 
to READY TRACKS 300.00 

MODSEARCH BUILDINGS to EAST-SIDE, MAINT SHOP 1800.00 
to READY TRACKS 600 

WEST-SIDE, MAINT SHOP to READY TRACKS 600 
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ASSUMPTIONS FOR TRAIN AND LOCOMOTIVE MOVEMENTS THROUGH THE YARD 

The UPRR provided the initial estimates of the number of train events per year for arrival, 
departure, and through trains at J.R. Davis Yard. As previously stated, a representative data 
set was developed from obtaining seven consecutive days of operation for each month for the 
period between December 1999 and November 2000. The number of total arrival train events 
per year by location and direction are listed in table C-1, and the number of locomotives per 
train event were calculated based on the information provided in table C-2. 

Subway:  It was assumed, based on discussions with UPRR management at the Yard that on 
the average XXXX locomotives per month are processed through the Subway. 

Service Tracks: The initial locomotive service and shop release data provided by UPRR was 
taken from data analyzed from November 1, 1999 through October 31, 2000. For this period 
of the database it was estimated that XXXX locomotives were released from the Shop. 
However, after further discussion with UPRR management at the Yard it was determined that 
on the average XXXX locomotives are released per month from the Service Tracks and Shop 
areas. Based on this additional information, we increased the number of releases from these 
areas to XXXX locomotives for a given year. We assumed the additional XXXX locomotives 
were non-working locomotives being transported to the Yard for maintenance and repair. 
UPRR classifies these locomotives as dead in consists or DICs. 

Mod/Search Building and Maintenance Shop: The XXXX locomotives were assumed to be 
serviced in the following manner: 25 percent of this total, i.e., XXXX locomotives, are serviced 
at the Mod/Search Building; and, the remaining XXXX locomotives are serviced at the 
Maintenance Shop. 

Ready Tracks:  We assumed all locomotives that depart from departure tracks in the Yard 
were consisted at the Ready Tracks or passed through the Subway. Therefore, the train and 
locomotive totals listed on page C-22 were derived from the departure train totals listed in 
Table C-1 and the number of locomotives per consist were calculated based on the numbers 
presented in table C-2. 
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APPENDIX H 

Isopleth Plots for Risk Exposures 
and Sensitivity Studies 

H-1 































N
or

th
in

g 
(m

) 

12000 

11000 

10000 

9000 

8000 

7000 

6000 

5000 

4000 

0 1
mile 

14000 15000 16000 17000 18000 19000 20000 

Easting (m) 

Figure H-9. All Idling Activitity's Contribution To Risk (Roseville Meteorological 
Data, Rural Dispersion Coefficients, 95th Percentile Breathing Rate, Total Idling 
Diesel PM = 12 TPY, Modeling Domain = 6km x 8km, Resolution = 50m x 50m) 
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Figure H-10. All Movement's Contribution To Risk (Roseville Meteorological 
Data, Rural Dispersion Coefficients, 95th Percentile Breathing Rate, Total Idling 
Diesel PM = 12 TPY, Modeling Domain = 6km x 8km, Resolution = 50m x 50m) 
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E. Risk Associated with Major Activity Areas within the Yard 

As documented in Chapter VI, we conducted individual air dispersion modeling runs for 
three major activity areas: Service Area, Hump and Trim Operations, and Receiving and 
Departure Yard. In these modeling runs, we used the modeling domain of 6km x 8km 
and the modeling resolution of 50m x 50m as well as Roseville meteorological data set 
with rural dispersion coefficients. Figures H-11 to H-13 presents the risks associated 
with the three major activity areas. 
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Figure H-11. Estimated Diesel PM Cancer Risk, Locomotive's Activity from 
Service Area (Roseville Meteorological Data, Rural Dispersion Coefficients,, 
95th Percentile Breathing Rate, Modeling Domain = 6km x 8km, Resolution 

= 50m x50m) 
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Figure H-12. Diesel PM Risk, Locomotive's Activity from Hump and Trim 
Operations (Roseville Meteorological Data, Rural Dispersion Coefficients, 
95th Percentile Breathing Rate, Modeling Domain = 6km x 8km, Resolution 
= 50m x 50m) 
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Figure H-13. Estimated Diesel PM Cancer Risk, Locomotive's Activity 
from Receiving and Departure Yard (Roseville Meteorological Data, Rural 
Dispersion Coefficients, 95th Percentile Breathing Rate, Modeling Domain 
= 6km x 8km, Resolution = 50m x 50m) 
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Figure H-14: Annual Average Diesel PM Concentration vs. Downwind Distance 
for Roseville AQM and McClellan AFB Meteorological Data Sets 
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