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2020 Washington Rail Transportation Safety Study
Executive Summary

Executive Summary

Study purpose

The rapid growth of crude oil transport by rail during the years 2011 through 2014 spurred the
Washington State Legislature to commission the 2014 Marine and Rail Oil Transportation Study
(Etkin et al. 2015). The 2014 study provided a broad, detailed expanse of information as a
resource and a foundation for further work. Since then, the energy transportation landscape
continues to evolve.

In 2018, the Washington State Department of Ecology (Ecology) and the Washington State
Utilities and Transportation Commission (UTC) sought an update and expansion of the rail
assessment and technical research presented in the 2014 study. The 2020 Washington Rail
Transportation Safety Study (2020 WRTSS) offers state agencies more insight and a better
understanding of railroad operations. This may allow the State to identify and develop broad
planning measures that look beyond —but do not conflict with — existing laws and regulations
in an effort to provide public agencies, tribes, and stakeholders with data and technical
information to address issues of significant importance to rail transport.

Efforts to improve rail safety could include forming a Rail Safety Committee. Such a committee
could be a voluntary, collaborative partnership with the rail industry. Goals of a rail safety
committee could include encouraging non-regulatory actions to identify and address safety
issues, protect natural resources, and reduce risks associated with rail transportation of oil and
other hazardous materials

Role of 2020 WRTSS

The 2020 WRTSS is a technical report, intended to provide Ecology, UTC, and other readers of
the report an updated assessment of:

e Railroads in Washington State and the role they play in the State’s and region’s
economies, as well as in passenger and commuter transport.

e Existing rail safety issues in Washington State and ways in which they have changed in
recent years.

e Safety and risk reduction measures that have been developed and implemented or could
be developed and implemented in the future to potentially reduce the health, safety, and
environmental risks associated with rail transportation.

Additionally, the report provides an educational tool for technical and non-technical readers to

gain a common understanding and foster meaningful and productive exchanges about rail safety
issues.

Topics covered

The report discusses a broad range of topics in depth. These topics include:
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e Washington’s railroad infrastructure, freight and passenger traffic, hazardous
commodities, and accident rates.

e Potential consequences of rail-related oil and hazardous material releases.

e Existing and potential future measures to reduce the incidence and severity of rail
accidents.

e Implementation of positive train control (PTC) and its potential for reducing accidents.

¢ Electronically-controlled pneumatic (ECP) braking systems and research on technology
benefits and costs.

e Historical, current, and emerging inspection standards of rail infrastructure and
equipment.

e Current levels of crew training and qualifications, crew sizes, and areas for improvements
to promote rail safety.

e Safety concerns related to highway-rail crossings, Quiet Zones, and trespassing incidents.

e Maintenance and infrastructure investment practices used by railroads.

e Tank car design and effects on the safe transport of crude oil, other Class 3 flammable
liquids, and hazardous materials, as well as fleet composition.

e Issues related to extended storage, storage during transit, and security protocols of Class
3 flammable liquids on rail.

e Best practices in emergency response for rail accidents, such as toxic spills and passenger
train incidents.

e Best practices in communications during rail emergency response operations.

e The Federal Railroad Administration (FRA) Railroad Safety Advisory Committee and
other safety-oriented rail programs.

¢ Industry standards for insurance levels in railroads moving hazardous materials.

e Lessons learned from derailments, accidents, and incidents over the last seven years.

e Analysis of the effects of track geometry, train length, physical properties of
commodities, car placement, train speeds, and land management conflicts on rail accident
risk.

e Geograpic analysis of rail risk.

Each topic includes a list of recommended areas for further discussion by Ecology, UTC, and a

potential rail safety committee. These areas for further discussion could form the basis of new
planning measures or voluntary actions to improve rail safety.
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Chapter 1: Report Organization and Reader’s Guide

Report organization

The 2020 Washington Rail Transportation Safety Study report provides current information on
relevant topics for use by the Washington State Department of Ecology (Ecology), Washington
State Utilities and Transportation Commission (UTC), and the potential future Washington State
Rail Safety Committee. This information may be used to formulate a Washington State Rail
Safety Plan and voluntary safety standards to enhance rail safety in the state in cooperation with
a broad range of stakeholders and tribes. To serve these purposes, and with the understanding
that technical knowledge and interest varies greatly between parties involved, the report has been
organized so different readers can quickly find the section of the report appropriate for their level
of interest. Chapter 1 (Report Organization and Reader’s Guide), Chapter 2 (Introduction),
Chapter 3 (Overview of General Findings), and Chapter 25 (Summary of Discussion Areas)
function as non-technical summaries that are intended for all readers.

Beginning with Chapter 4, each chapter contains:

o Key questions: A list of research questions that are answered (to the extent possible) in
the chapter.

e Chapter takeaways: A summation of the most important points on the chapter’s topic(s)
presented in non-technical language.

e Chapter in-depth: A series of sections that provide significantly more technical
information on specific sub-topics within the chapter topic(s) for readers that require or
have interest in more detailed information. The sub-topics are demarcated with headings
that allow readers to scan for specific information as needed. The language in the in-
depth content sections is more specific and scientific to assure accuracy from a technical
standpoint.

e Important discussion areas: A final summary section containing potential areas for
discussion on future actions by the Rail Safety Committee or other entities.

Chapter 4 is an overview of the infrastructure and traffic of Washington’s railroads presented as
context for the rest of the report. There are no specific discussion areas applicable to this chapter.
Issues related to highway-rail crossings are addressed in greater depth in Chapter 13.

The Glossary (Chapter 27) provides definitions of key technical terms and acronyms for all
chapters. There are no separate glossaries within the chapters.

Topics covered

This report provides updated information on rail safety for use by the potential future
Washington Rail Safety Committee to formulate action plans that will address rail safety issues
identified by Ecology and UTC. The report contains information on:

e Washington’s railroad infrastructure, freight and passenger traffic, hazardous
commodities, and accident rates.

Publication 19-08-009 3 February 2021 (Revised)



2020 Washington Rail Transportation Safety Study
Chapter 1: Report Organization and Reader’s Guide

e Potential consequences of rail-related oil and hazardous material releases, including
potential human health and safety environment risks from fire, explosions, and toxic
vapors.

e Existing and potential future measures to reduce the incidence and severity of rail
accidents.

e Implementation of positive train control (PTC) and its potential for reducing accidents.

e Electronically-controlled pneumatic (ECP) braking systems and research on technology
benefits and costs.

e Historical, current, and emerging inspection standards of rail infrastructure and
equipment, including new and emerging technology.

e Current levels of crew training and qualifications, crew sizes, and areas for improvements
to promote rail safety.

e Safety concerns related to highway-rail crossings, Quiet Zones, and trespassing incidents.

e Maintenance and infrastructure investment practices used by railroads.

e Tank car design and effects on the safe transport of crude oil, other Class 3 flammable
liquids, and hazardous materials, as well as fleet composition.

o Issues related to extended storage, storage during transit, and security protocols of Class
3 flammable liquids on rail.

e Best practices in emergency response for rail accidents, such as toxic spills and passenger
train incidents.

e Best practices in communications during rail emergency response operations.

e The Federal Railroad Administration (FRA) Railroad Safety Advisory Committee and
other safety-oriented rail programs.

e Industry standards for insurance levels in railroads moving hazardous materials.

e Lessons learned from derailments, accidents, and incidents over the last seven years.

e Analysis of the effects of track geometry, train length, physical properties of
commodities, car placement, train speeds, and land management conflicts on rail accident
risk.

e Geographic analysis of rail risk.
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Chapter 2: Introduction and Purpose

Key questions

e What is the purpose of the 2020 Washington Rail Transportation Safety Study?
e How may the 2020 Washington Rail Transportation Safety Study inform the Rail Safety
Committee?

Study purpose

The rapid growth of crude oil transport by rail during the years 2011 through 2014 spurred the
Washington State Legislature to commission the 2014 Marine and Rail Oil Transportation Study
(Etkin et al. 2015). The 2014 study provided a broad, detailed expanse of information as a
resource and a foundation for further work. Since then, the energy transportation landscape
continues to evolve. In 2018, the Washington Utilities and Transportation Commission (UTC)
and Ecology sought an update and expansion of the rail assessment and technical research
presented in the 2014 study. The 2020 Washington Rail Transportation Safety Study (2020
WRTSS) offers state agencies more insight and a better understanding of railroad operations.
This may allow the State to identify and develop broad planning measures that look beyond —
but do not conflict with — existing laws and regulations in an effort to provide public agencies,
tribes, and stakeholders with data and technical information to address issues of significant
importance to rail transport.

Role of 2020 WRTSS

The 2020 WRTSS is part of a multifaceted effort by Ecology and UTC to improve rail safety in
the state. Besides this technical report, this effort also involves the formation and implementation
of a Rail Safety Committee (RSC) and a Rail Risk Geographic Information System (GIS) plan.

Work on the GIS Plan and the 2020 WRTSS occurred concurrently between December 2018 and
June 2020. During this period, a potential RSC framework was also drafted.

The 2020 WRTSS is intended to provide a broad range of RSC members and other associated
parties with:

e Anupdated overview of the railroads in Washington State and the vital role they play in
the State’s and region’s economies, as well as in passenger and commuter transport.

e Anupdated assessment of the existing rail safety issues in Washington State and ways in
which they have changed in recent years.

e An updated assessment of the way in which the rail transport of hazardous commodities
have brought challenges to the State, as well as ways in which the risks of this transport
have been addressed or could be better addressed in the future.

e An updated assessment of safety and risk reduction measures that have been developed
and implemented or could be developed and implemented in the future to potentially
reduce the health, safety, and environmental risks associated with rail transportation.
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e An educational tool that can be used by both technical and non-technical RSC members
and other interested parties to learn the vocabulary, concepts, and information necessary
to gain a common understanding and foster meaningful and productive exchanges about
rail safety issues.
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Chapter 3: Overview of General Findings

Key questions

e How are risk reductions examined and considered in railroad transportation?

e What are the major findings of the research and analyses conducted in this report?

e What are the major issues that the potential future Washington State Rail Safety Plan and
Washington State Rail Safety Committee might address in enhancing rail safety for the
State of Washington?

The big picture: Risks related to railroad transportation

Railroads provide benefits to society by transporting people and goods from one place to
another. Passenger trains bring people from one part of the state or other parts of the country.
Trains are an important piece of connecting Washington’s rural and urban areas. Many people
use trains to commute to and from work or school. Railroads bring a large variety of goods and
commodities (e.g., oil, lumber, chemicals, and machinery) to consumers and industrial and
manufacturing facilities, which benefits the people and economy of the state.

As with other forms of transportation, including automobiles and other motor vehicles, airplanes,
vessels, and pipelines, there are potential risks to human health and safety and the environment.
For all modes of transportation of goods, including hazardous materials and oil, as well as
transportation of people, there have been significant reductions in the frequency and severity of
accidents in the last several decades. Nevertheless, there are occasional accidents that can have
major consequences, such as human fatalities and injuries, and short- and long-term
environmental and human health effects.

Defining risk

“Risk” combines either the likelihood or probability of an event occurring, such as a rail
accident, and the severity of the consequences, such as the effects of the release of a hazardous
material or human casualties.

There can be low probability events with high consequences, high probability events with low
consequences, and everything in between. The incidents with the highest overall “risk” are those
with both the highest probability and the highest consequences (Figure 1).

The incidents with the highest probability often have the lowest impacts (e.g., small spills in
industrial areas that occur during normal operations). Incidents with the highest impact (e.g., a
major spill or catastrophic incident involving a fire) tend to be more rare events (i.e., they tend to
have a lower probability). Safety systems are typically designed to prevent such accidents.
However, in the risk matrix, the other incidents that can present the greatest challenge for
planning are those with low or medium probability and high-impact.
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Figure 1: Basic risk matrix'

Risk perception issues

One of the most challenging issues related to defining risk is that the perception of risk by the
public is often not directly proportional to the actual risk involved (Etkin et al., 2018a). This is
especially true for oil and other hazard material spills and rail accidents. When evaluating risk,
people sometimes focus on high impact consequences, many of which have a low probability of
occurring. If there has been a notable event that has occurred in recent memory (e.g., the Lac-
Mégantic crude-by-rail accident, which occurred in Quebec, Canada in July 2013, resulting in 47
fatalities), it is thought to be more probable than it may actually be statistically (Transportation
Safety Board of Canada, 2014c).

The factors that tend to make a situation (such as driving an automobile) seem to be of lower risk
include:

e The voluntary nature of the situation, such as choosing to drive an automobile.

¢ Individual control, which is particularly relevant to automobile driving, as the driver is
“in control” and “knows what they are doing.”

e Knowledge and familiarity, which is certainly relevant to automobile driving.

! This figure was developed by Environmental Research Consulting. Used with permission.
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e A perceived benefit to the individual from the action, which can easily be seen for
driving.

The factors that tend to make a situation, such as crude-by-rail (CBR) trains, appear to be of
higher risk include:

e The involuntary or imposed nature of the situation, which is relevant to CBR traffic in
that the general public has virtually no control over it.

e The absence of perceived personal benefit, which may be the feeling the public has about
the transport of crude oil.

e The lack of knowledge and familiarity about the nature of the situation, such as not
understanding the technical aspects of rail transport.

e Most importantly, a sense of outrage about the situation.

Driving an automobile is significantly riskier to individuals and communities than are CBR
trains. The degree of outrage (termed the “outrage factor” by risk analysts) is very important in
making an activity or situation appear to have higher risk. Outrage is an emotional reaction to
risks that are involuntary, industrial, and “unfair.” There is a natural tendency to focus on how
upsetting a risk is, rather than how dangerous it really may be.

The outrage factors that are most relevant to rail accidents and hazardous releases are (Etkin et
al., 2018a):

e Voluntariness: Voluntary risk is perceived as more acceptable than coerced risk. Rail
accidents and associated spills are rarely voluntary risks for the general public.

e Control: When prevention and risk reduction are in an individual’s hands, risk is
perceived as being much lower than when they are in the hands of a government agency
or industry. Rail accidents are typically not in public control.

e Fairness: People who endure greater risks than others, without access to greater benefits
(e.g., communities on CBR routes) experience greater outrage, especially if rationale for
burdening them appears to be political or an environmental justice issue.>

e Process: If stakeholders are not involved in the decision-making process or are not kept
informed, there tends to be greater outrage.

e Diffusion in time and space: If Hazard X kills 50 random people each year, and Hazard
Y has a 10 percent chance of killing 5,000 over the course of 10 years, risk assessment
predicts mortality of 50 per year for both hazards. “Outrage,” however, tends to point to
Hazard X as “probably acceptable” and Hazard Y as “unacceptable.” Rail accidents and
spills tend to look more like Hazard Y, with acute, local effects.

Risk mitigation or reduction approaches

Risk can be mitigated or reduced in two principle ways: by reducing the probability, and by
reducing the consequences. Incident probability is reduced through prevention measures —

2 The Environmental Protection Agency (EPA) defines environmental justice as "the fair treatment and meaningful
involvement of all people regardless of race, color, national origin, or income with respect to the development,
implementation and enforcement of environmental laws, regulations and policies." See
https://www.epa.gov/environmentaljustice for more information.
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stopping the incidents from happening in the first place, or at least reducing their frequency.
Prevention is the most effective means to reduce risk.

If an accident is not prevented, another strategy is to reduce the severity of the consequences.
Addressing the consequences for rail accidents and hazardous material spills or releases
(including oil spills) also means considering two things. First, the potential to reduce the damage
to the train that may cause the release of a hazardous material warrants consideration. Secondly,
there is potential, through emergency response and preparedness, to reduce the degree to which
humans and sensitive resources are impacted. Both approaches involve preventing fatalities and
injuries from fires and/or explosions, and minimizing exposure of humans and environmental
resources to spilled substances. (Exposure can occur either through direct contact or through
contact with contaminated or affected land or water.) An effective spill response protects people,
minimizes the spread of the oil or other released hazardous material, protects natural resources,
and removes oil from the environment to the extent possible. If damage occurs, later phases of
response operations include rehabilitation of the affected environmental, cultural, and economic
resources (Etkin et al., 2015a).

Rail risk factor and risk reduction approach interrelationships

To better understand the types of risks that may occur with rail transportation and the way in
which risk reduction measures may reduce those risks, it is helpful to step back and look at the
whole picture. With each rail transit or trip (e.g., each time a train transports oil from North
Dakota to Washington’s refineries on the Puget Sound, or brings passengers from Vancouver,
British Columbia, to Vancouver, Washington), there is a very small chance that there may be an
accident. For example, an accident could be caused by an error made by an engineer, a
mechanical failure on the train, a broken rail on the tracks, an improperly loaded tank car, or a
driver crossing the tracks at a grade crossing to “beat the train.”

Such an accident may be prevented using a number of different approaches. For example, better
training could have prevented the train operator error, the mechanical failure or broken rail may
have been discovered and repaired in an inspection, the tank car could have been loaded more
safely by a well-trained person, and a better-designed rail crossing gate, paired with education,
could have prevented the driver from making that dangerous choice.

Once the accident has occurred, there are a number of further risk reduction measures that may
then reduce the severity of an accident. For example, the design of a tank car might reduce the
likelihood of a release of hazardous materials. While the tank car derailment might still occur,
the release of oil might be reduced or prevented.

When a hazardous material release has occurred, the properties of the substance and the
environmental conditions (e.g., wind) will have an effect on the severity of the consequences.

For example, conditioning Bakken crude to make it less volatile will reduce the likelihood of an
explosion.? In addition, the location of vulnerable people in relation to the railroad tracks (e.g.,
the proximity of schools, housing, or hospitals) will have an effect on the severity of a fire or
explosion event. If there is a fire or explosion, the effectiveness of well-trained and prepared
emergency responders can help to mitigate the impacts. In the event of a spill, the combination of

3 Conditioning is a process that reduces volatility by removing some of the more volatile components from crude oil.
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the properties of the material spilled, the receiving environment, and the environmental
conditions will have an effect on the degree of the environmental impacts. For example, if a spill
of a highly-toxic substance occurs in a location with a waterway that currently has spawning
salmon, there will likely to be an impact on these species.

A brief overview of these interrelationships is diagrammed in Figure 2.
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4 This figure was created by Environmental Research Consulting for this report. Used with permission.
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Frequency of rail accidents

The frequency of rail accidents decreased significantly in Washington State and the U.S. as a
whole over the last 43 years (Federal Railroad Administration [FRA], 2019a). The greatest
reduction occurred between 1975 and 1985 due to significant improvements in rail infrastructure
and operations. Accidents continued to decrease over the next decades, albeit at a slower rate
(FRA, 2019a).

Currently, there are an average of 11 accidents per year in the U.S. involving freight trains on
mainline tracks (FRA, 2019a). In Washington State, there is, on average, one freight train
accident for every one million train-miles.> Just over half of these are derailments.

Based on analyses of national data for the years 2011 through 2018, as conducted by
Environmental Research Consulting for this report using FRA data (FRA, 2019a), track-related
problems are the most frequent cause of freight train derailments. Track problems account for 44
percent of incidents. The most common track-related problem is a broken rail. The next most
common cause is mechanical or electrical problems, accounting for 42 percent of derailments.
Nearly 72 percent of collisions between trains are caused by human error.¢

For long-distance, inter-city passenger trains (Amtrak) throughout the U.S., there are 1.5
accidents for every one million train-miles (FRA, 2019a).

Consequences of rail accidents

When a rail accident occurs, there may be a number of consequences, such as:

e Human casualties in the case of highway-rail crossing accidents, pedestrian trespassing
accidents, or passenger train accidents.
e Spills or releases of hazardous materials, that may cause:
o Fires or vapor cloud explosions, which may have human health and safety or
environmental effects.
o Dispersion of toxic vapors, which may also have human health and safety or
environmental effects.
o Environmental impacts due to the toxicity, persistence, or adherence of the oil or
chemical to wildlife and habitat.

The types and severity of effects of spills or releases depend on the hazardous materials
involved, the volume released, the location of the release, the timing of the release (seasonal, day
of week, or time of day), and ambient environmental conditions. The impacts of spills and
releases may be mitigated by timely and effective emergency and spill response operations.

In Washington State, there are 2,373 grade crossings where roads and highways cross railroad
tracks.” Each year, there are an average of 33 collisions between trains and vehicles, with 10

5 A train-mile is the equivalent of a train transiting a single mile.
¢ A more detailed analysis of railroad accidents is presented in Chapter 5 of this report.
" Data from WSDOT. Used with permission. See Table 16 in Chapter 4 for details.
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injuries and 6 fatalities (Utilities and Transportation Commission [UTC], 2019a). In addition,
there an average of 16 fatalities when pedestrians trespass on railroad tracks (UTC, 2019a).

There was also a major Amtrak passenger train accident in DuPont, Washington, in December
2017, in which 12 passenger cars and 2 locomotives derailed on a bridge crossing Interstate 5.
This accident resulted in the deaths of three train passengers, injuries to 62 train passengers, and
injuries to eight passengers in automobiles on the highway (National Transportation Safety
Board [NTSB], 2018a).

There have been no major spills or releases of oil or hazardous materials from rail transport in
Washington State in recent years. A derailment accident of a CBR unit train in Mosier, Oregon,
in June 2016 caused three tank cars of Bakken crude oil to burn and a small amount of oil to
enter the Columbia River. Ecology and other officials from Washington State assisted in the
response. There were no injuries or significant environmental damage (Oregon Office of
Emergency Management [OOEM], 2016).

Accident risk reduction through prevention

The best method for preventing rail accidents differs by the type of accident and usually involves
a combination of different approaches. No one measure will prevent all accidents.

The best approaches to determining the most effective measure or measures for reducing specific
types of accidents include understanding the root causes of the accidents (e.g., track conditions
or human error) and then applying measures that are practical and effective. Sometimes, there are
studies conducted that may provide data that can prove the effectiveness of a prevention method.
At other times, there are no reliable data that specifically test the new equipment or method, but
it can reasonably be expected to have at least some benefit. The actual benefit may not be
realized until the measure has been in place for some time.

There are sometimes disagreements about the potential effectiveness of an accident prevention
measure or concerns that there may be unintended “side effects” of the approach.

The accident prevention measures explored in this report include:

e Positive train control (PTC), which can prevent certain types of accidents in which train
operators fail to slow down or stop due to the failure to obey signals or speed restrictions,
or fail to sound horns at grade crossings.

e Electronically-controlled pneumatic (ECP) braking, which may reduce some types of
derailments and other accidents resulting from brake failures.

e Inspection of rails and equipment, which can help prevent derailments related to broken
rails and accidents related to equipment failures.

e Crew training and qualification, as well as crew fatigue solutions, which can help reduce
human errors that cause accidents.

e Improvements in grade crossing protection and warning systems and education programs
that may reduce highway-rail crossing accidents.
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In the case of the Amtrak accident that occurred in Dupont, Washington, in December 2017,
resulting in three fatalities, the National Transportation Safety Board (NTSB) concluded that
PTC would likely have prevented this accident (NTSB, 2018a).

Accident severity reduction including amount spilled

There are a number of specific measures that can reduce the severity of accidents. For example,
as with vehicular traffic, speed reductions in trains can reduce the severity of an accident by
reducing the force of the impact and thereby reducing the numbers of cars that derail.

Newer designs of tank cars reduce the likelihood of damage to the cars in the event of
derailments and collisions. This reduces the chance there will be a release (flowing out or
spilling) of a hazardous material, or reduces the amount of material that is released or spilled.
Tank cars are currently in use in Washington State are all DOT-117 cars, which are estimated to
be half as likely to break open or rupture and allow the release of oil or other hazardous
substances contained in the cars as the older DOT-111 cars. Some studies indicate there may be
as much as an 84 percent reduction in the likelihood of a release, spill, or outflow of oil or other
hazardous material in the event of a rail accident. The older cars had about 27 percent (about 1 in
4) chance of breaking open in the event of an accident. The newer cars have about a 4 percent (1
in 25) chance of rupturing or breaking open (Barkan, 2008a; Barkan et al., 2013; Barkan et al.,
2015; Treichel, 2014; Treichel, 2018; Treichel et al., 2006).

Accident risk reduction through preparedness and response

Once an accident has occurred, it will be the actions of emergency responders that will reduce
the severity of the consequences of the accident to the extent possible. Human health and safety
and the environment will be better protected if there is a well-trained, knowledgeable, and well-
equipped first-response team that arrives on scene to rescue and tend to injured people, evacuate
people in the vicinity of any released hazardous materials, and supervise and monitor the
situation. For spill responses, a well-trained, knowledgeable, and well-equipped response team
can help to reduce the spread of the released substance in some cases, or conduct cleanup
operations.

In Washington State, common objectives for oil spill incidents are:

Ensure the safety of citizens and response personnel.

Control the source of the spill.

Protect environmentally and culturally sensitive areas.

Manage response effort in a coordinated manner.

Contain and recover spilled material.

Recover and rehabilitate affected wildlife.

Clean up oil from affected areas.

Keep the public and stakeholders informed of response activities.
Minimize economic impacts.

8 There is a more detailed discussion of tank car safety in Chapter 15 of this report.
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e Terminate the response (demobilize at the end).

Timeliness of emergency response is critical in reducing the impacts of an accident. The speed of
the response will depend on the location of the incident in relation to emergency response
equipment and personnel and access to the site. In some of the more remote parts of Washington
State, this presents a challenge.

Geographic factors for Washington rail transportation risk

The risk from rail accidents in the various geographic areas of Washington depends on:

e The likelihood of accidents, which depends on both the rail traffic in the area and the
conditions that might increase accidents, such as track geometry, grades, curves, flood
zones, landslide-prone slopes, and other track features.

e The number of highway-rail grade crossings and both the rail and vehicular traffic going
through those crossings.

e The types of commodities that are being transported through different geographic areas.

e The environmental sensitivity of the area to spills of different types of oils and other
hazardous materials.

e The proximity of rails to high-consequence areas, particularly densely-populated areas.

e The accessibility and remoteness of the sites for emergency response operations.

Geographic risk issues are considered in greater detail in Chapter 23.

Potential issues for consideration by the Rail Safety
Committee

Many of the safety measures that may prevent or reduce the frequency of rail accidents are under
the jurisdiction of the federal government rather than Washington State. However, state officials
and members of the Rail Safety Committee can play a vital role in influencing decision-making
at the federal level. There are still many issues that can be approached at the state and local
levels by the Rail Safety Committee, such as the development of voluntary safety measures or
standards, and promoting safety at highway-rail crossings. The committee would foster
communication and cooperative approaches to promote safe practices on Washington railroads.

Issues that the Rail Safety Committee may wish to consider are summarized in Chapter 25.
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Chapter 4: Washington State Railroads

Key questions

What roles do railroads play in Washington State?

What is the infrastructure of the freight rail system?

What are the patterns of freight rail traffic?

What types of commodities are currently transported by rail?

How might commodity transport patterns change in the future?

What is the infrastructure of the passenger rail system?

What are patterns of passenger rail traffic?

Where do railroads pass through populated areas and tribal lands?
Where do the railroads intersect with roads and highways (crossings)?

Takeaways

This chapter provides an overview of the existing infrastructure of railroads and the roles that
railroads play for the people and economy of the state.

Washington’s extensive network of railroads moves passengers on long-distance
interstate (and international) travel, and commuters between suburban and metropolitan
areas. It transports large variety of freight cargo (commodities) into the state from
elsewhere in the U.S. and Canada, between ports and facilities within the state, and out of
the state.

In addition:

e Washington’s freight railroads support the manufacturing, construction, agriculture,
forestry, petroleum refining, and wholesale/retail trade, which employ 1.2 million
people, or about 40 percent of the state’s total employment (WSDOT 2014).

e Washington State has more than 3,300 miles of railroad track used for freight
transport (WSDOT 2017; WSDOT 2019).

e There are two Class I railroads: BNSF Railway and Union Pacific (UP). BNSF
operates 44 percent of the track mileage (1,450 miles) in the state. UP operates more
than 500 route miles or about 15 percent of the state’s track.

e There is one Class II railroad: Montana Rail Link, which operates only as a tenant of
BNSF (on BNSF-owned track) (WSDOT 2014).

e There are 25 Class III railroads, including short-line (local) railroads, and switching
and terminal railroads, that operate only within limited areas in railyards and
terminals. Short-lines own 1,300 routes miles of track in the state.

e From 2008 to 2017, Class I railroads transported an average of 780,000 carloads of
freight that originated in Washington State per year. Of that freight, hazardous
commodities (including crude oil, chemicals, petroleum products, and hazardous
waste) made up about 3.8 percent of these carloads, based on data provided by
Washington Utilities and Transportation Commission (UTC) as described later in this
chapter (Surface Transportation Board data).
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e From 2008 to 2017, Class I railroads transported an average of 912,000 carloads of
freight per year that terminated in Washington State (Surface Transportation Board
data).

e Of'the freight that terminated in Washington, railroads moved an average of 46,544
carloads of hazardous materials between 2008 and 2012 representing 5.5 percent of
total freight terminating in Washington for those years. However, by 2017, the
hazardous carloads had increased to 154,000 per year and represented 14 percent of
all freight terminating in the state. Most of this growth was due to the transport of
crude oil (Surface Transportation Board data).

In addition:

e About 15 crude oil unit trains per week transit Washington. The monthly numbers
vary between 8 and 20 (Washington State Dept. of Ecology 2018a, 2018b, 2018c,
2019a).

e A typical crude-by-rail (CBR) unit train has 118 cars.

e About 93 percent of the oil transported by rail in 2018 was Bakken crude
(Washington State Dept. of Ecology 2018a, 2018b, 2018c, 2019a).

e Throughout the U.S., CBR transport peaked in 2014, then decreased, and began to
increase again in 2018. The number of CBR trains in Washington State has fluctuated
less than in other parts of the country.

Future patterns of CBR transport will depend on economic factors that affect demand for
different oil types at refineries and the shifting of transport from pipeline and tank vessel to rail.
It is generally less expensive to ship oil by pipeline or by tank vessel than by rail, but if pipelines
are not available, or tank vessels are not practical, rail transport may be chosen to move oil to
refineries in Washington.

e There are 6 daily long-distance passenger trains (Amtrak) going through Washington
State that connect with many cities in the eastern U.S., Canada to the north, and
Oregon and California to the south. (It is possible to connect in California to trains
going to Tucson, Arizona, that go on to Mexico’s Copper Canyon) and 12 intercity
trains that run between cities in Washington State as well. Finally, there are also 34
daily commuter trains in the Seattle and Tacoma areas.

e Railroads pass through a large number of densely-populated areas and tribal lands.
This could increase the potential for public health and safety risks as well as land
management conflicts.

e Serious accidents with fatalities and injuries at grade crossings can also be a public
safety risk. There are 2,373 grade crossings in Washington State.” The greatest
number of grade crossings are in King County, followed by Yakima, Spokane, and
Pierce Counties.

The following sections provide a more in-depth look at railroads in Washington State, including
freight and passenger trains, and the ways in which railroads intersect with populated areas.

% Data from WSDOT. Used with permission. See Table 16 for details.
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The roles of railroads in Washington State

The railroad network in Washington State, including passenger and commuter rails, and different
classes of freight rails, covers many areas of the state. Washington State’s railroad network is an
integral part of the multimodal transportation system that moves freight and passengers
throughout the state. Washington State’s freight railroads support the state’s freight intensive
industries, such as manufacturing, construction, agriculture, petroleum refining, forest products,
and wholesale/retail trade. These industries employ 1.2 million people, or 40 percent of the
state’s total employment. These industries contributed about 41 percent of the state’s total Gross
Domestic Product (GDP) in 2010. Washington State’s GDP in 2010 was $365.6 billion, which
means that the industries supported by Washington’s freight railroads contributed nearly $150
billion. The railroads themselves directly employed 4,700 people in the state with a total annual
payroll of $260 million (WSDOT 2014).

For passenger rail, there are regional/commuter rails that connect suburban areas with major
metropolitan areas, intercity rail that connect major metropolitan areas, and long-distance rail
(Amtrak) that connects to the national system. Sound Transit is the sole commuter rail service in
the state that shares tracks with freight rail. Sound Transit shares track with freight rail between
Everett and Tacoma. The light rail systems do not share infrastructure with other types of rail.
Amtrak has long-distance passenger rail service with routes of more than 750 miles in
Washington State (WSDOT 2014). There are two long-distance services in the state — Empire
Builder and Coast Starlight (WSDOT 2014).

Freight rail system in Washington State

Washington State is home to more than 3,300 miles of railroad track used for freight transport
(WSDOT 2017; WSDOT 2019). There are 30 freight railroads operating in the state traveling
more than 10 million track-miles each a year. The federal Surface Transportation Board
classifies railroads on a three-tiered structure (WSDOT 2014):

Class I (railroads with annual operating revenue of more than $489.9 million): There are
two Class I railroads operating in the state: BNSF (Figure 3) and Union Pacific (UP) (Figure 4).
They carry in excess of 1.9 million carloads of freight each year. Together, these two railroads
own 60 percent of the track mileage in Washington State (about 2,175 miles).

Class II (railroads with annual operating revenue of between $39.2 million and $489.9
million): The only Class II railroad operating in Washington State is Montana Rail Link, which
operates in the state only as a tenant of BNSF.

Class III (railroads with revenues of less than $39.2 million engaged in line-haul
transportation): There are 25 Class III operating in Washington State.

Table 1 shows Class III railroads in Washington State. This includes “short-line” (or local)
railroads and switching and terminal railroads. Short-lines own about 1,450 miles of track, or 40
percent of the total rail mileage in the state.
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10 Prepared by Environmental Research Consulting using data from WSDOT. Used with permission.

' The Union Pacific (UP) line runs from Idaho into Oregon, but this figure only shows the section between Spokane
and Pascothat is discussed in greater detail in this report. Union Pacific also owns a route between Tacoma and
Seattle. Prepared by Environmental Research Consulting using data from WSDOT. Used with permission.
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Table 1: Class lll railroad operators in Washington State 2

Miles Operated
Name Parent Company in Washington
State
Ballard Terminal Railroad Ballard Terminal 3
Eastside Freight Railroad Ballard Terminal 14
Meeker Southern Railroad Ballard Terminal 5
Tacoma Rail City of Tacoma 94
Central Washington Railroad Columbia Basin Railroad Company 71
Columbia Basin Railroad Columbia Basin Railroad Company 106
Columbia-Walla Walla Railway Columbia Rail 82
Kennewick Terminal Railway Columbia Rail 2
The Washington Royal Line Columbia Rail 26
Yakima Central Railway Columbia Rail 22
Olympia & Belmore Railroad Genesee & Wyoming 5
Cascade & Columbia River Railroad Genesee & Wyoming 145
Puget Sound & Pacific Railroad Genesee & Wyoming 158
Mount Vernon Terminal Railway Mount Vernon Terminal Railway 3
Spokane, Spangle and Palouse Omaha Track 87
Kettle Falls International Railway OmniTRAX 36
Columbia & Cowlitz Railway Patriot Rail 9
Port of Chehalis Rail Port of Chehalis 1
Pend Oreille Valley Railroad Port of Pend Oreille 80
Portland Vancouver Juntion Railroad Portland Vancouver Juntion 14
Railroad

St. Paul & Pacific Northwest Railroad Progressive Rail 69
Rainier Rail Rainier Rail 40
Washington Eastern Railroad'? The Western Group 109
Tri-City Railroad Company Tri-City Railroad Company 32
Longview Switching Company Union Pacific and BNSF 9
Great Northwest Railroad Watco Companies 78
Palouse River & Coulee City Railroad'® | Watco Companies 84
Total 1,384

A number of the rail lines are connected to terminals that provide transfer points where cargo is
loaded or unloaded to or from trucks and marine vessels. Transfers can take place by shifting
intact containers or truck trailers at intermodal terminals. At facilities, bulk commodities (dry or
liquid), including grain, produce, plastic pellets, machinery, and vegetable oil, are directly
transferred to trucks or tank vessels as well. There are nine intermodal facilities in Washington
State (Table 2). “On-dock rail terminals handle international containers directly moving from
ship to rail and vice versa, while near-dock terminals can handle both port-related and highway
traffic. Inland terminals generally handle the transfer of containers and highway trailers between
truck and rail” (WSDOT 2014).

2WSDOT
13 Private operator of PCC Rail System line owned by WSDOT
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Table 2: Intermodal Facilities in Washington State with Type and Rail Service Provider'

Facility Name Type Rail Service Provider

Port of Seattle Intermodal Terminals On Dock BNSF/UP

Port of Tacoma Intermodal Terminals On Dock BNSF/UP

Tacoma South Intermodal Facility Near Dock upP

Seattle International Gateway Near Dock BNSF

Argo Intermodal Facility Near Dock upP

South Seattle Intermodal Facility Off Dock BNSF

Port of Quincy Intermodal Terminal Inland BNSF

Spokane Intermodal Terminal Inland BNSF

Port of Pasco Intermodal Terminal Inland BNSF

Freight rail traffic in Washington State

Freight rail traffic in Washington State is carried by the Class I railroads (BNSF and UP), as well
as various short-line railroads. Traffic may originate in the state, terminate in the state, move
entirely within the state, or pass through the state. Traffic may originate or terminate on Class I
or short-line railroads. Traffic moving through the state (neither originating nor terminating in
Washington State) is primarily carried by the Class I railroads.

Tracking freight rail traffic

Freight rail traffic and commodity transport is tracked in different ways. In Washington State,
Class I railroads (BNSF and UP) need to file annual reports with the Utilities and Transportation
Commission (UTC) (Washington State Legislature 2018) (UTC 2019b). The annual reports
include a table listing the number of carloads and tons carried broken down into originating,
terminating, other, and total moves. The carloads and tonnage are classified by Standard
Transportation Commodity Code (STCC) codes (Railinc 2019).

STCC codes are unique seven-digit codes that are used to classify commodities (cargo) (Railinc
2019). The first two digits identify the major industry group of the commodity, as shown in
Table 3. Note that there are some group numbers in the table that appear to be missing. This is
not an error. This is because the industry has chosen by convention to use these specific
numbers.

Table 3: Standard Transportation Commodity Code Major Industry Group Numbers

Group Description
01 Farm Products
08 Forest Products
09 Fresh Fish or Other Marine Products
10 Metallic Ores
1 Coal

4 WSDOT 2014.
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Group Description
13 Crude Petroleum, Natural Gas, or Gasoline
14 Nonmetallic Minerals; except Fuels
19 Ordnance or Accessories
20 Food or Kindred Products
21 Tobacco Products; except Insecticides (see Group 28)
22 Textile Mill Products
23 Apparel or Other Finished Textile Products or Knit Apparel
24 Lumber or Wood Products; except Furniture (see Group 25)
25 Furniture or Fixtures
26 Pulp, Paper, or Allied Products
27 Printed Matter
28 Chemicals or Allied Products
29 Petroleum or Coal Products
30 Rubber or Miscellaneous Plastics Products
31 Leather or Leather Products
32 Clay, Concrete, Glass, or Stone Products
33 g"r‘i)mary Metal Products, including Galvanized; except Coating, Allied Processing (see Group
34 Fabricated Metal Products; except Ordnance (see Groups 19, 35, 36, or 37)
35 Machinery; except Electrical (see Group 36)
36 Electrical Machinery, Equipment, or Supplies
37 Transportation Equipment
38 Instruments, Photographic Goods, Optical Goods, Watches, or Clocks
39 Miscellaneous Products of Manufacturing
40 Waste or Scrap Materials not Identified by Producing Industry
4 Miscellaneous Freight Shipments
42 Containers, Carriers, or Devices, Shipping, Returned Empty
43 Mail, Express, or Other Contract Traffic
44 Freight Forwarder Traffic
45 Shipper Association or Similar Traffic
46 Miscellaneous Mixed Shipments
47 Small Packaged Freight Shipments
48 Hazardous Wastes
49 Hazardous Materials
50 Bulk Commodity Shipments in Boxcars

The following three digits of the STCC codes indicate subgroups of the major industry group,
and the final two digits specifically identify the particular chemical or material. For example,
STCC code “29113” indicates: petroleum or coal product (29) - distillate fuel oil (113). Within
that category, “2911326” refers to No. 1 Fuel Oil, “2911327” refers to No. 2 Fuel Oil, and
“2911329” refers to No. 4 Fuel Oil.

The STCC numbering system allows for accurate tracking of specific substances by avoiding
confusion between different names used for the same substance. For example, the substance
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“ethanol” is also called “ethyl alcohol,” “propylene dichloride™ is also called “1,2-
dichloropropane,” and “sodium hydroxide” is often referred to as “caustic soda.” Hazardous
substances with similar names have very different properties. The use of a numbering system
also reduces the amount of characters required. STCC codes are also used in the Surface
Transportation Board (STB) Waybills that shippers and carriers use to track specific shipments
in train cars. '3

These data are also used to track movements within different geographic regions and throughout
the nation as a whole. The identification of regions is based on groups of counties as established
by the U.S. Bureau of Economic Analysis (BEA). For example, some of the BEAs in
Washington State include:

BEA 86: Yakima, Benton, Franklin, Walla Walla, and Columbia

BEA 93: Garfield and Asotin Counties

BEA 131: Wahkiakum, Cowlitz, Clark, Skamania, and Klickitat Counties

BEA 152: Whatcom, Skagit, San Juan Island, Snohomish, King, Kitsap, Clallam,
Jefferson, Grays Harbor, Mason, Thurston, Pierce, Pacific, Lewis, and Kittitas Counties
BEA 157: Ferry, Stevens, Lincoln, Pend Oreille, Spokane, and Whitman

e BEA 177: Okanogan, Chelan, Douglas, Grant, and Adams Counties

15 For more information about waybills, see Chapter 6.
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Figure 5: U.S. Bureau of Economic Analysis (BEA) Economic Areas in Washington State'¢

These data can also be used to track patterns of rail traffic and the movement of different types of
commodities, including hazardous materials that may cause health and safety issues or
environmental effects in the event of a rail accident.

Past and current hazardous material rail traffic in Washington State

From 2008 through 2017, the annual volume of traffic originating on Class I railroads in
Washington State averaged approximately 790,000 carloads per year. Traffic ranged from highs
of 865,000 carloads in 2008 and 870,000 carloads in 2012, to a low of 670,000 carloads in 2009,
at the height of the recession (data from Surface Transportation Board; used with permission).

As described above, commodities are grouped into 2-digit STCC codes. These commodity codes
were categorized as hazardous and non-hazardous. The four STCC codes included in the
hazardous category were:

16 Map created based on data from US BEA, “BEA Economic Areas, Western United States, November 2004.”
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STCC 13: Crude Petroleum, Natural Gas and Natural Gasoline
STCC 28: Chemicals and Allied Products

STCC 29: Petroleum and Coal Products

STCC 48: Waste, Hazardous

Based on these broad categories, the number of hazardous commodity carloads originating in
Washington State averaged approximately 27,100 per year from 2008 through 2017, and ranged
from a low of 21,600 to a high of 30,100. In each of the three most recent years (2015, 2016, and
2017), hazardous carload originations ranged from approximately 29,000 to 30,100. Hazardous
commodities accounted for 3.8 percent of total originating carloads in 2017, up from 3.0 percent
in 2008 (Figure 6 and Table 4) (data from Surface Transportation Board; used with permission).

Carloads Class | Originating Rail Carloads

1,000,000

900,000

800,000

700,000

600,000
500,000
i
300,000
200,000

100,000

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

m Hazardous @ Non-Hazardous

Figure 6: Class | Originating Carload Traffic (2008-2017)""

17 Graphic created by Environmental Research Consulting based on data from Surface Transportation Board. Used
with permission.

Publication 19-08-009 26 February 2021 (Revised)



2020 Washington Rail Transportation Safety Study
Chapter 4: Washington State Railroads

Table 4: Class | Railroad Carloads Originating in Washington State by Type of Materials (2008—

2017)"8
Year Pect:r:;jlgflm Chemicals Petroleum | Hazardous Total Total Non- Total
19 Products Waste Hazardous | Hazardous
2008 0 8,005 16,673 850 25,528 839,788 865,316
2009 13 6,780 14,249 518 21,560 647,954 669,514
2010 0 9,912 16,111 456 26,479 779,404 | 805,883
2011 4 11,356 15,026 894 27,280 727,028 | 754,308
2012 166 12,632 14,534 409 27,7141 842,273 | 870,014
2013 131 13,831 16,086 174 30,222 762,905 793,127
2014 4 13,783 16,877 620 31,284 683,130 714,414
2015 0 14,225 15,558 309 30,092 740,198 | 770,290
2016 0 10,895 17,775 261 28,930 756,942 | 785,872
2017 175 10,790 17,797 481 29,243 746,330 | 775,573
Average 49 11,221 16,069 497 27,836 752,595 780,431
Minimum 0 6,780 14,249 174 21,560 647,954 669,514
Maximum 175 14,225 17,797 894 31,284 842,273 | 870,014

The number of hazardous commodity carloads terminating in Washington State grew from
42,100 in 2008 to 154,500 in 2017. Most of this growth occurred from 2012 through 2017. Prior
to 2012, an average of 42,200 hazardous commodity carloads terminated in Washington State

each year (Figure 7 and Table 5). In 2017, 10.5 percent of carloads contained hazardous

commodities. The percentage of hazardous commodities peaked in 2013 at 18.8 percent (data
from Surface Transportation Board; used with permission).

18 Data from Surface Transportation Board. Used with permission.
19 Crude oil is not produced in Washington State. Any crude oil carloads originating in Washington State are ones
that have arrived from outside the state (by rail, pipeline, or tank vessel) that are shifted to other locations in the

state.
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20 Graphic created by Environmental Research Consulting based on data from Surface Transportation Board. Used

with permission.
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Table 5: Class | Railroad Carloads Terminating in Washington State by Type of Materials (2008—

2017)%
Year Crude Chemicals Petroleum | Hazardous Total Total Non- Total
Petroleum Products Waste Hazardous | Hazardous
2008 3 26,860 15,188 40 42,091 922,521 964,612
2009 0 24,942 13,884 52 38,878 661,630 700,508
2010 2 29,179 12,478 17 41,676 817,863 859,539
2011 255 33,020 13,009 34 46,318 736,799 783,117
2012 9,361 37,387 17,004 5 63,757 798,620 862,377
2013 32,548 46,335 15,548 2 94,433 726,340 820,773
2014 69,971 97,171 20,750 175 188,067 810,753 998,820
2015 80,575 43,526 22,990 53 147,144 821,647 968,791
2016 77,108 40,940 26,501 64 144,613 922,602, 1,067,215
2017 80,144 43,300 31,050 17 154,511 940,781 1,095,292
Average 34,997 42,266 18,840 46 96,149 815,956 912,104
Minimum 0 24,942 12,478 2 38,878 661,630 700,508
Maximum 80,575 97,171 31,050 175 188,067 940,781 1,095,292

Most of the growth in terminating carloads of hazardous commodities was due to crude oil
(STCC 13), which grew from two carloads in 2010 to more than 77, 100 in each year from 2015
through 2017. Terminating carloads of chemicals and allied products (STCC 28) grew from
approximately 26,900 in 2008 to 43,400 in 2017. Terminating carloads of petroleum and coal

products (STCC 29) grew from 15,200 in 2008 to nearly 31,100 in 2017.

A geographic analysis of the movements of the different hazardous commodities during the year
2016 is presented in Table 6. For 2016, the data show no originating traffic for STCC commodity
13 (Crude Petroleum or Natural Gas) or commodity 48 (Hazardous Waste). The UTC rail data
for 2016 also showed no originating crude petroleum carloads (as crude oil would be coming
into Washington State from either North Dakota or Canada), but did show 261 carloads of
hazardous waste originating in Washington State (data from Surface Transportation Board; used
with permission).?

According to the data, all of the rail traffic for STCC Codes 13, 28, 29, and 48 originates in the
Seattle and Portland BEAs. The STCC commodity 28 traffic (Chemicals or Allied Products) is
split relatively evenly between the Seattle and Portland BEAs. All of the STCC commodity 29
traffic (Petroleum or Coal Products) originates in the Seattle BEA.

21 Data from Surface Transportation Board.

22 The omission of this traffic in the Waybill Sample data could be due to anonymity constraints.
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Table 6: Carloads of Hazardous Commodities Originating in Specific Geographies within
Washington State and Parts of Oregon (2016)%

o Spokane | Portland | Pendleton | Tri-Cities | Seattle
24
STCC Description WA OR OR-WA WA WA Total
28122 |Sodium Alkalies 0 1,200 0 0 0| 1,200
Miscellaneous Acyclic
28181 Organic Chemicals 0 1,960 0 0 0| 1,960
Industrial Inorganic
28199 Chemicals, NEC 0 512 0 0 0 512
Plastic Materials,
28211 Synthetic Resins 0 0 0 0 680 680
28999 |Chemical Products, NEC 0 0 0 0 3,240 | 3,240
29113 | Distillate Fuel Oil 0 0 0 0 1,308 | 1,308
20121 Liquefied Gases, Coal or 0 0 0 0 3.164 | 3,164
Petroleum
Total Chemicals 0 3,672 0 0 3,920 | 7,592
Total Petroleum 0 0 0 0 4472 | 4,472
Products

There are nearly seven times as many carloads of hazardous commodities coming into
Washington State than originate in the state. As shown in Table 7, in 2016, all of the terminating
rail traffic of STCC commodity 13 (Crude Petroleum or Natural Gas) was crude petroleum rather
than natural gas.

A majority of the traffic in STCC commodity 28 (Chemicals or Allied Products) was in
commodity 28123 (Sodium Compounds, primarily soda ash) and 28125 (Potassium Compounds,
primarily potash). Other commodities moved in large volumes in STCC commodity 28 include
28182 (Alcohols), 28211 (Plastic Materials or Synthetic Resins), and 28198 (Anhydrous
Ammonia). The remaining commodities accounted for 20 percent of the total, or approximately
18,200 carloads.

In the STCC commodity 29 group, more than 77 percent of terminating carloads was made up of
STCC commodity 29121 (Liquefied Gases, Coal or Petroleum). Most of the remainder was
STCC commodity 29116 (Asphalt Pitches or Tars, from Petroleum). The Seattle and Portland
BEAs accounted for 87 percent of terminating carloads of petroleum and gas products (STCC
29) in 2016. Smaller amounts also terminated in the Spokane, Richland, and Pendleton BEAs.

All of the crude oil traffic (STCC 13) terminated in the Seattle BEA, where all five oil refineries
in the state are located.

A majority of the chemical traffic (STCC 28) terminated in the Portland BEA, where export
terminals for soda ash and potash are located. The remaining traffic is split among the Seattle,
Portland, Richland, and Spokane BEAs.

23 Data from Surface Transportation Board. Used with permission.
24 “NEC” means “not elsewhere classified,” that is, a commodity that does not fit into another category in that

group.
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Table 7: Carloads of Hazardous Commodities Terminating in Specific Geographies within
Washington State and Parts of Oregon (2016)%°

o Spokane | Portland | Pendleton | Tri-Cities | Seattle

STCC Description WA OR OR WA WA Total

13111 |Crude Petroleum 0 0 0 0 74,118 | 74,118

28122 | Sodium Alkalies 600 0 0 200 200| 1,000

28123 | Sodium Compounds 0 33,780 0 0 1,120 | 34,900

28125 | Potassium Compounds 0 15,303 0 992 0| 16,295
Barium, Calcium,

28126 Magnesium, Strontium 880 440 0 280 200| 1,800
Miscellaneous Acyclic

28181 Organic Chemical 336 1,540 0 1,431 0| 3,307

28184 | Alcohols 0 4,368 0 1,932 7,160 13,460
Ammonia, Ammonium

28191 Compounds 656 400 0 480 0| 1,536

28193 | Sulfuric Acid 0 880 0 0 0 880

28198 | Anhydrous Ammonia 956 0 0 2,720 0| 3,676
Industrial Inorganic

28199 Chemicals, NEC 0 672 0 0 0 672
Plastic Materials or

28211 Synthetic Resins 0 3,440 0 880 1,640 5,960

28419 | Soap or Other Detergents 0 0 0 0 480 480

28712 | Superphosphate 0 160 0 0 0 160
Ammoniating Fertilizer

28713 Solution 236 0 0 603 0 839
Miscellaneous Fertilizer

28714 Compounds 800 0 0 400 0| 1,200

28994 |Fatty Acids 0 640 0 0 0 640

28999 | Chemical Products, NEC 0 4,160 0 0 1,480| 5,640
Petroleum Lubricating or

29114 Similar Oils 0 480 0 0 240 720
Asphalt Pitches or Tars,

29116 from Petroleum 1,136 3,460 0 0 1,832 6,428
Liquefied Gases, Coal or

29121 Petroleum 780 5,316 316 1,916 15,700 | 24,028
Total Crude 0 0 0 0 74,118 | 74,118
Total Chemicals 4,464 65,783 0 9,918 12,280 | 92,445
Total Petroleum Products 1,916 9,256 316 1,916 17,772 | 31,176

Crude oil transportation by rail in Washington State

About 450 million barrels (bbl) of different kinds of oil (crude oil, refined petroleum products,
waste oil, and biological oils) are transported through Washington State each year by tank vessel,
pipeline, and, in recent years, also by rail (Figure 8) (Washington State Dept. of Ecology 2018d).
About 45 percent of this oil is crude oil going to Washington State’s refineries. Historically,
crude oil was transported to the refineries largely by tank vessel, with some oil being brought in

2 Data from Surface Transportation Board.
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by pipeline from Canada. In 2012, crude oil was transported into the state for the first time by

rail.

About 200 million barrels of crude oil are transported into Washington State each year for
refining at one of the state’s five oil refineries (Table 8). There is also a biofuel refinery, REG
Grays Harbor, that produces 4,580 bbl/day of biodiesel from vegetable oils (Etkin et al. 2015).

Million Barrels

Oil Transportation Modes in Washington State
All Oil Types
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Figure 8: Oil Transportation Modes in Washington State (2007—-2017)2¢

Table 8: Washington State Crude Oil Refining Capacity by Refinery?’

Oil Refinery Location Refining Capacity
BP Cherry Point Blaine 225,000 bbl/day
Shell Anacortes Anacortes 145,000 bbl/day
Marathon Anacortes Anacortes 108,000 bbl/day
Conoco Phillips Ferndale 105,000 bbl/day
uUs Oil Tacoma 35,000 bbl/day

26 All types of oil cargo, including crude oil, petroleum, gasoline, diesel oil, fuel oil, oil sludge, oil refuse, biological
oils (vegetables oils), and blends. Data from Washington State Department of Ecology Publication 17-08-014, June
2018. Graphic created by Environmental Research Consulting. Used with permission.

27 Etkin et al. 2015.
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In 2018, the vast majority — 93 percent — of the crude oil brought into Washington State by rail
was light crude oil (primarily Bakken crude) (Figure 9). In 2018, 57,141,234 bbl of light crude
was transported by rail into Washington State. This represented 93 percent of all crude oil
transported into the state by rail. In addition, 3,178,385 bbl of medium crude oil (5 percent of the
total crude) and 1,002,284 bbl of heavy crude (2 percent of the total crude) were transported by
rail into Washington State. According to Ecology’s data (Washington State Dept. of Ecology
2018a, 2018b, 2018c, 2019a), light crude came from North Dakota and Saskatchewan, Canada,
and medium and heavy crude came from Alberta, Canada. Diluted bitumen may be considered to
be either medium or heavy crude. No information was available on the amount of diluted
bitumen that was transported into Washington State in 2018.

Types of Crude Oil Brought into Washington by Rail in 2018

. Medium Crude,
Light Crude, 1,002,484 bbl (2%)
57,141,234 bbl

(93%)

Heavy Crude,
3,178,385, 5%

Figure 9: Types of Crude Oil Transported into Washington State by Rail (2018)%8

Over the course of a year, there are monthly variations in CBR transport, depending on the needs
of the refineries, production patterns, and rail capacity issues (Figure 10 and Table 9). The data
in Table 10 represent the classifications of crude oil types that Ecology uses in its quarterly
reports (Washington State Dept. of Ecology 2018a, 2018b, 2018c, 2019a).

28 Graphic created by Environmental Research Consulting based on data in Washington State Dept. of Ecology
2018a, 2018b, 2018c, 2019. Used with permission.
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According to Ecology’s definitions, light crude is a crude oil that has an °API gravity of 31.2-50.
A medium crude is a crude oil that has an °API gravity of 22.3-31.1. A heavy crude is a crude
oil that has an °API gravity of 10-22.2. An extra heavy crude oil is a crude oil that has an °API
gravity of 0-9.9. °API gravity is a measure of the density of an oil used by the petroleum
industry. °API is inversely related to density: The higher the °API, the less dense the oil. An oil
with an °API of less than 10 is heavier than water.?

Rail Transport of Crude Oil in Washington State 2018
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Figure 10: Rail Transport of Crude Oil in Washington State (2018)3°

2 There are detailed descriptions of crude oil types and the properties of crude and other types of oil in Chapter 6.
30 Graphic created by Environmental Research Consulting based on data in Washington State Dept. of Ecology
2018a, 2018b, 2018c, 2019. Used with permission.
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Table 9: Summary of Rail Transport of Crude Oil into Washington State by Type of Crude Oil

(2018)°1
. .. Light Crude Medium Heavy TOTAL Unit

Statistic (bbl) Crude (bbl) | Crude (bbl) | 1o ®E) | (s | Trains®
Total 2018 55136266 | 1002484 | 3.178.385 | 59.317.135 | 91,257 773
Monthly Average 1,060,313 19.279 61123 | 1140714 | 1,755 15
Monthly Minimum 465,260 0 0 583,459 898 8
Monthly
Monthly 1.453,298 172,809 119,350 | 1512413 | 2,327 20

Due to the refinery destinations of the CBR trains, there are different routes taken, and thus
different numbers of trains going through different segments, as shown in the map in Figure 11
and Table 10. Routes 6 and 7, as shown in the map in Figure 12, are generally used for the
transport of empty cars back to the originating production areas.
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Figure 11: Crude Oil Rail Transport Route Segments3*

31 Based on data in Washington State Dept. of Ecology 2018a, 2018b, 2018c, 2019a.

32 Given DOT weight restrictions, railroad tank cars transporting oil are typically not loaded with more than
650 barrels.

33 Based on 118-car train.

34 Source: Washington State Dept. of Ecology 2018a.
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Table 10: Annual Rail Transport of Crude Oil in Washington State by Route and Type of Crude Oil

(2018)3

Light | Medium | Heavy | Total Medium
Route Crude | Crude | Crude | Crude Light Crude Heavy |Total Crude
Segment | Tank Tank Tank Tank | Crude Bbl Crude Bbl Bbl
Bbl

Cars Cars Cars Cars
Route 1A | 78,187 0 0| 78,187 | 53,167,160 0 0| 53,167,160
Route 1B 0 1,469 4,543 6,012 0| 998,920 | 3,089,240 | 4,088,160
Route 2 78,187 0 0| 78,187 | 53,167,160 0 0| 53,167,160
Route 3 78,187 1,469 4,543 | 84,199 | 53,167,160 | 998,920 | 3,089,240 | 57,255,320
Route 4 65,631 0 214 | 65,845 | 44,629,080 0 145,520 | 44,774,600
Route 5 40,778 0 214 | 40,992 | 27,729,040 0 145,520 | 27,874,560

78,187 cars

Figure 12: Annual Crude Oil Tank Cars by Route Segment (2018)3¢

35 Based on data in Washington State Dept. of Ecology 2018a, 2018b, 2018c, 2019a.
36 Map created by Environmental Research Consulting based on the data in: Washington State Dept. of Ecology
2018a, 2018b, 2018c, 2019. Used with permission.
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Movement of crude oil through Washington to and from other states

During 2011 through 2015, BNSF ran CBR trains from Spokane to Pasco to Wishram, which
turned south to head to California. At the peak of the CBR surge in 2015, there was about one
train a day running south on this route.

These trains turn south at Wishram and run on BNSF’s track through Oregon and into Northern
California at a station named Keddie. At Keddie, the trains enter Union Pacific (UP) tracks and
run on UP tracks to Stockton, California, where the trains return to BNSF tracks.

BNSF occasionally uses the route from Spokane to Wishram for moving oil from the Upper
Midwestern U.S. to California. Currently, there are very few trains operating in this corridor,
because the destination in California is being served by oil sourced from New Mexico and West
Texas. If the origin of this oil changes to upper Midwest locations such as North Dakota, train
volumes through Washington may increase. It is unknown whether the origin of this oil will
change in the future.

Since UP serves US Oil in Tacoma with trains from Canada, there are trains that come into
Washington near Spokane on UP track, run to Hinkle on UP track, stay in Oregon to Portland,
then turn back north at Portland and re-enter BNSF’s tracks just south of Vancouver,
Washington. This currently happens once or twice a month.

BNSF also moves CBR trains from the eastside of Washington, along the northern side of the
Columbia river, and west towards Vancouver and then south to the Zenith Energy terminal in
Portland.

Potential changes in crude oil transport by rail patterns

Nationwide, there have been considerable changes in crude-by-rail (CBR) transport over the last
decade. CBR began in 2010 with about one train every other day to a maximum of about 17
trains per day throughout the U.S. in October 2014. CBR decreased rapidly in January 2015, then
increased slightly only to decrease rapidly in January 2016. It began to rise again towards the end
of 2017 (Figure 13).
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Crude Oil Transport by Rail in US (2010-2018)
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Figure 13: Crude Oil Transport by Rail in U.S., 2010-2018%

CBR transport to the West Coast (defined as Petroleum Administration for Defense District 5, or
PADD 5), which would include trains to refineries in both Washington State and California,
experienced a brief reduction in early 2015, but then returned back to the average levels of 2014
(Figure 14). Although there are significant monthly variations, the overall annual rail transport to
the West Coast has not changed substantially since 2016 (Figure 15).

37 Data from US Energy Information Administration
(https://www.eia.gov/dnav/pet/pet move railNA a EPCO RAIL mbbl a.htm)
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Monthly Crude Oil Transport by Rail to West Coast (PADD 5) 2010-2018
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Figure 14: Monthly Crude Oil Transport by Rail to West Coast (PADD 5), 2010-201838

38 Graph created by Environmental Research Consulting based on data from US Energy Information Administration.
Used with permission.
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Annual Crude Oil Transport by Rail to West Coast (PADD 5) 2010-2018

Annual Thousand
Annual Trains

Barrels
60,000 900
e N e e il o o o - 800
[JCanada to West Coast
50,000 —

B Midwest to West Coast |~~~ ~~~ 700

40,000

600

___________________ 500

30,000
___________________ 400

20,000 300

___________________ 200

10,000

_____________ 100

2010 2011 2012 2013 2014 2015 2016 2017 2018

Figure 15: Annual Crude Oil Transport by Rail to West Coast (PADD 5), 2010—2018%°

The patterns of crude oil transport by rail throughout the U.S. change based on two primary
factors: the relatively volatile market price of crude oil and the availability (or unavailability) of
pipelines for transport to refineries.

Shipping oil by rail is generally more expensive than shipping it by pipeline. For example, it
costs about $10 to $15 per barrel (bbl) to ship oil by rail from North Dakota to the Gulf Coast or
Atlantic Coast, compared with about $5 per bbl by pipeline (Frittelli et al. 2014). However,
pipelines are not always available or not able to accommodate increased production capacities.
There has been stalled development of several pipeline projects (e.g., Keystone XL and Trans
Mountain) due to environmental opposition and legal delays. At other times, there are temporary
diversions of oil shipments, such as occurred in 2017 when Hurricane Harvey caused the
shutdown of refineries in Texas. In that case, the oil was diverted by rail through New York State
to refineries on the East Coast.

The economic issues of oil shipments become less important when the price of oil increases. The
oil market changes based on a large number of complex factors, including the production of
shale oil in the U.S., which has made the U.S. the world’s largest crude oil producer, surpassing

39 Graph created by Environmental Research Consulting based on data from U.S. Energy Information
Administration.
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Middle Eastern countries. There are also political factors that affect world oil production and
consequently price.

Within Washington State, there have already been a series of changes related to potential CBR
transport with the withdrawal of some of the proposed CBR facility development projects. At the
time of the 2014 Marine & Rail Oil Transportation Study (Etkin et al. 2015), there were three
Washington State refineries receiving crude by rail (BP Cherry Point, Tesoro Anacortes, and US
Oil Tacoma). Two more were seeking approval to receive crude oil by rail — Phillips 66 and
Shell Anacortes (Figure 16). The Phillips 66 facility proceeded with its project and currently
receives 30,000 bbl/day of crude by rail. The Shell Anacortes Rail Unloading Facility opted to
withdraw its CBR application in late 2016, attributing its decision to economic concerns about
CBR transport. The status in the first half of 2019 is shown in Figure 17.

Washington Refinery Capacity and Crude by Rail Status
“m 2

o . . BP 9.45 mil gal/day
4

2 Phillips 66 4.24 mil gal/day

. Tesoro 5.04 mil gal/day
4 Shell 6.09 mil gal/day

.u. . US Oil 1.71 mil gal/day

. Receiving Crude by Rail

Seeking approval for Crude by Rail

Figure 16: Washington State Refinery Capacity and CBR Status in 20154

40 Etkin et al. 2015.
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Washington Refinery Capacity and Crude by Rail Status
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Figure 17: Washington State Refinery Capacity and CBR Status in 20194

In addition to refineries receiving CBR shipments, there were also three storage facilities or
terminals that were proposing changes to accommodate CBR shipments as shown in Figure 18.
The largest of these proposed facilities was the Vancouver Energy terminal in Vancouver,
Washington. The permit for this facility, which would have received four unit trains per day, was
ultimately rejected by Washington State Governor Jay Inslee on the advice of the Energy Facility
Site Evaluation Council (EFSEC) in January 2018. This decision, along with the withdrawal of
the Shell Anacortes Rail Unloading Facility plan, significantly changed the potential number of
CBR trains in Washington. However, there may be future proposals for development of facilities
to receive CBR shipments, or a shift in the way in which existing refineries receive their oil
shipments. This could potentially affect CBR traffic in the future.

Puget Sound refineries supply approximately 90 percent of the refined petroleum products
consumed in Washington and Oregon. The remaining 10 percent moves by pipeline from other
states, primarily Utah and Montana. The Seattle and Portland areas generate most of the demand
for refined products and account for 46 percent and 25 percent, respectively.

Most of the petroleum products manufactured at Washington refineries move by pipeline
(approximately 47 percent) or by tank vessel (approximately 42 percent). Of the remainder,
approximately 10 percent moves by truck, and the remaining 1 to 2 percent moves by rail. The
proportions of oil being moved by these different modes of transportation are projected to remain
relatively stable through 2035, with little to no increase in rail volume.

41 This figure was created by Environmental Research Consulting for this report. Used with permission. Note that
Tesoro is now called Marathon Oil.
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Proposed & Operating Crude by Rail Facilities in Washington
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Figure 18: Proposed and Operating Crude by Rail Facilities in Washington State as of 201542

Potential future changes in transport for non-oil commodities

Other liquid bulk commodities transported by rail include a variety of chemicals and fertilizers,
such as caustic soda and sodium hydroxide (used in the forest products industry), benzene and
toluene (used in the chemical industry), and nitrogenous fertilizers (used in the agricultural
industry), among others. Assuming that no new major production facilities or end-users of these
commodities move into Washington State, the volumes moving by rail are projected to grow
slowly.

42 Etkin et al. 2015. The locations on this graphic are as they were presented in the 2014 Washington State Marine &
Rail Study. They were drawn for schematic purposes only and do not represent the precise geographic locations of
the facilities. The refineries at Anacortes were drawn in this figure so that it was possible to see both of the refineries
without overlapping the graphical elements. In reality, the two Anacortes facilities are located adjacent to one
another on a peninsula into Fidalgo Bay that is approximately 2.7 miles long.
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Comparison of freight rail capacity with tank vessels and

trucks

Many commodities that are transported by rail, could also, in some cases, be transported by truck
or by tank vessel (specifically, tank barge). The practicality of that would depend on the specific
routes (origins or starting points and destinations) that the commodities need to travel. While
tanker trucks and tractor-trailers would be able to travel in nearly any place that had roads, barge
traffic would be limited to navigable waterways.

However, a rough comparison between freight rail cars to the numbers of barges or trucks that
would be required to carry the same loads is an important consideration. The comparisons for dry
and liquid cargo are shown in Table 11. As a hypothetical comparison, the numbers of tanker
trucks that would be required to transport the same amount of crude oil, other hazardous
materials, and non-hazardous materials that was brought into Washington state by rail in 2017 is

shown in Table 12.

Table 11: Comparison of Cargo Capacities (Rail, Truck, and Tank Barge)*

Commodity Type Train Equivalent Trucks EqunéaaliznetsTank

Liquid 1 tank car 3.3 tanker trucks 0.025 tank barges
Liquid 100-car unit train 330 tanker trucks 2.5 tank barges
Liquid 120-car unit train 396 tanker trucks 3 tank barges
Dry Bulk 1 hopper car 4.4 tractor trailer trucks 0.06 dry cargo barges
Dry Bulk 100-car train (hopper cars) | 440 tractor trailer trucks 6 dry cargo barges
Dry Bulk 120-car train (hopper cars) | 528 tractor trailer trucks 7.2 dry cargo barges

Table 12: Hypothetical Truckloads for Rail-Transported Commodities, 20174

Commodity Type Railroad Carloads Unit Trains Truck Loads
Crude Petroleum 34,997 297 115,490
Chemicals 42,266 n/a 139,478
Petroleum Products 18,840 160 62,172
Hazardous Waste 46 n/a 202
Non-Hazardous 815,956 6,915 3,590,206
Total 912,104 n/a 3,907,549

In comparing truck loads to railroad carloads or unit trains, it is important to consider the other
factors that differ for highway and rail routing of hazardous materials, namely:

43 Calculations by Environmental Research