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PREFACE

This report is among the more difficult and controversial ever undertaken for the Federal
Railroad Administration (FRA). The FRA and the Positive Train Control (PTC) Working Group
of the Railroad Safety Advisory Committee (RSAC) have joined the Volpe Center in investing
significant effort to make the report as realistic and meaningful as possible. Ultimately, of
course, the report is the professional product of the Volpe Center. In this preface, FRA offers its
observations concerning the place the report occupies in the overall dialogue regarding PTC. In
an appendix, the Volpe Center summarizes peer comments on the final report from members of
the RSAC Working Group.

This report is a very useful document that describes the way in which the risk of PTC-
preventable accidents is distributed over a large part of the national rail system. In addition, it
derives a model that may be helpful in describing priorities for migration toward interoperable
PTC across the national rail system. Finally, the study effort has resulted in the creation of
geographically-linked databases and associated analytical expertise that are being used for a
number of railroad safety purposes. Those purposes include the provision of benchmarks for use
in risk assessment techniques under forthcoming performance standards for processor-based

" signal and train control systems.

FRA is aware that many factors affect the likelihood of collisions, overspeed derailments, and
train incursions into roadway work zones. For instance, it is generally understood that safety
requires conditions such as: sound operating rules; alert, well trained employees; appropriate
workload (to avoid distraction from key duties, on the one hand, or boredom leading to
complacency, on the other); and strong and positive expectations among employees and
managers with respect to rules compliance. No database available to FRA clearly measures these
conditions at the railroad system level, let alone at a corridor level, and these factors may vary
from time to time; so it is a limitation of this report that it cannot consider directly what most
experts in the field would consider many of the most influential variables.

However, this report deals with these human factor issues to the extent that physical and
operating characteristics of the railroad may mitigate or potentiate hazards arising out of them.
Importantly, the model can consider event consequences as a function of known variables (i.c.,
speed, passenger trains, and presence of population centers potentially affected by a hazardous
materials release).

The report shows that track curvature and train volume are associated with the risk of a PTC-
preventable accident on any segment during a fixed period of time. (This does not mean that
predicted frequency necessarily rises on a normalized basis as traffic grows). The presence of
wayside signals is associated with reduced risk, and use of traditional forms of train control is
even more strongly associated with lower risk. Events involving passenger trains or release of
hazardous materials may result in greater societal costs.
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Predicted risk, defined as frequency times expected severity, is displayed on a corridor basis.
This modeling technique, when refreshed with current data at the point investment decisions are
being made, should be useful to railroads undertaking train control projects so that phased
installation of wayside components needed for the system to function is not delayed on routes
where the aggregate risk is relatively higher than other routes. In this regard, information
concerning cumulative risk on corridors (e.g., per mile of track) is available from this model,
even though results are not displayed in this report.

Although the model is internally validated to a rather high level of correlation (.7, where 1.0 is
ideal), model predictions for a subsequent two-year period did not correlate well with actual
outcomes. This result may have related to a “memory effect” in the system (as crew awareness
increases for a time at least on segments where accidents occurred in the recent past) or the very
short period used for comparison (involving a small number of data points), but the concern does
suggest further caution with respect to any thought that immediate and dramatic results could be
achieved by focusing only on predicted higher risk corridors. Further investigation using data
from a longer period may (or may not) demonstrate greater correspondence between predicted
and actual results.

This study was originally requested by the Office of Safety, FRA, with the anticipation that it
might point the way for corridor-by-corridor implementation of PTC. That original purpose has
been overtaken by intervening events. Study within the RSAC has affirmed that, at least under
circumstances contemplated by that body, it is not possible to deploy PTC in a cost effective
manner, considering only safety benefits, by “cherry picking” individual rail corridors. As the
data developed for this study show, while there are differences among corridors with respect to
potential for risk mitigation, and although it is possible to predict to some extent how it will be
distributed geographically in the future, there are not clear “pockets” of very high risk on
corridors that together account for the majority of system risk. Even if that were the case, issues
of practicality would arise.

Contemporary communications-based train control systems will become economic as allied
business systems that can be built on the communications infrastructure are embraced by railroad
strategic plans. A majority of the cost of PTC systems will likely be on board locomotives, and
most of the economic benefits will be captured only as communications, control, and information
system functions extend throughout the rail network (potentiating sound asset management and
enhancing service quality). Certain classes of locomotives are being held captive on specific
routes. However, a majority of locomotives are used to move freight throughout the national rail
network rather than being tied to individual territories. Accordingly, the scale of PTC
implementation should be conceived as a migration to a nationally-compatible system, rather
than a patchwork of disconnected corridors.
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Although this report does not point to a single strategy for implementing PTC, it does add
another tool to the toolset we will need to promote sensible deployment of this potentially life-
saving technology.

Grady C. Cothen, Jr. Steven R. Ditmeyer
Deputy Associate Administrator for Director, Office of Research

Safety Standards and Development
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1. INTRODUCTION

Positive Train Control (PTC) systems have significant potential for risk reduction and increased
efficiency in railroad operations. Studies of PTC conducted by the railroads, the Federal Railroad
Administration (FRA), and others since the 1980s identified specific functions that would reduce
the frequency and severity of railroad accidents. One of the constraints faced by this and other
studies in defining the exact magnitude of this reduction has been establishing a definition of
PTC. A strict definition of PTC is difficult to formulate due to the potential for a wide variety of
implementations with different operational characteristics; however, FRA describes PTC systcms
as ““...a family of functions that can be supported by communications-based train control systems
and similar advanced technologies. PTC functions include the safety functions, generally
denoted by the term Positive Train Separation (PTS) as well as other functions useful to the
business of railroading.” The Railroad Safety Advisory Committee (RSAC) defines the core PTC
features as the ability to:

“a. Prevent train-to-train collisions (positive train separation).

b. Enforce speed restrictions, including civil engineering restrictions (curves,
bridges, etc.) and temporary slow orders.

c. Provide protection for roadway workers and their equipment operating under
specific authorities™’

PTC can increase safety by introducing redundancy into the control and operation of trains.
Centralized oversight through technologies such as digital data communication and satellite-
based train position tracking provide the capacity for intervention into the operation of the train
when necessary. This oversight and intervention capability should provide safety enhancements
in environments that have higher accident risk.? The preventable accidents are most often those
involving operator errors and track problems that can be detected by the PTC system und
therefore prevented through the intervention of the central oversiaht controller (cither u
dispatcher or software component).

Although the potential of PTC systems to improve railroad operations and enhance safcty
significantly has been recognized since the 1980s, FRA has not recommended a regulatory
requirement. In its 1994 Report to Congress, the FRA concluded that ... while a universal PTC
requirement could not at present be warranted on the basis of cost and safety benefits alone, the
benefits of PTC may justify the costs in certain corridors with certain characteristics, including

"RSAC 1999. Implementation of Positive Train Control Systems, Report of the Railroad Safety
Advisory Committee to the Federal Railroad Administrator.

? This general concept of scaling safety systems based upon risk is already incorporated into
FRA regulations. See 49 CFR §236.0.



the presence of passenger trains, hazardous materials or higher levels of congestion...FRA will
continue to support PTC research, development, and implementation in a number of ways.” The
FRA determined at that time to undertake certain actions to invest in the development of PTC,
including initiating development of a risk analysis model to guide determination of priorities
(among major freight rail corridors) for application of PTC technology.”

At the FRA’s request, the U.S. Department of Transportation’s Volpe National Transportation
Systems Center (Volpe Center) determined in 1995 that it was feasible to attempt to identify
potentially high-risk rail corridors. The Volpe Center developed a methodology based on the
identification of geographically related factors that seemed to contribute to risk. Subsequently, a
model, employing a geographical information system (GIS) platform, was built and used to
differentiate among rail corridors on the basis of risk. This model had several potential
applications, including assisting the FRA in its evaluation of PTC deployment.

The Volpe Center developed its first GIS-based tool by integrating data gathered from existing
databases. The databases included information, such as the FRA’s GIS data, track and accident
data, U.S. census data and shipment data based upon the Interstate Commerce Commission’s
waybill sample now maintained by the Surface Transportation Board.

The first version of this model, produced in 1996, was based upon the FRA’s definition of PTC
functionality and extant prototype systems. Operational rail corridors were proposed by the FRA
and defined using the GIS. These inputs were in turn used in the analytical model that described
risk of PTC-preventable accidents based upon geographical characteristics. The preliminary
results and conclusions were presented to the FRA and the Railroad Safety Advisory Committee
(RSAC)’ in June 1997.

When the RSAC PTC Working Group was formed in September of 1997, this effort was offered
to the group by the FRA as a possible tool to assist in their risk analysis. The Implementation
Task Force of this working group was briefed on the background and status of this anal ysis
effort, referred to as the Corridor Risk Assessment Model (CRAM).

During late 1997 and into 1998 the task force and individual railroads provided input and
direction to the project. Task force contributions and resulting modifications to the modeling
elfort were made in several areas. These arcas included: L) the definition of PTC lunctions; 2)
the selection of PTC-preventable accidents; 3) the data to be used as the basis for exposure
measure including total train-miles and million gross tons of traffic for each railroad; and 4) the
definition of operational corridors.

> FRA 1994. Report to Congress Communications and Train Control, p. v.
* Ibid., p. 78.

> RSAC is a Federal Advisory Committee established to provide consensus-based
recommendations to the FRA conceming railroad safety issues.
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A team formed of members of the Data/Implementation Task Force referred to as the Accident
Review Team (ART) addressed the PTC definitions and identification of preventable accidents.
The ART identified accident causes and specific accidents that could be used as input into the
regression analysis for predictive purposes. Exposure data, in the form of traffic flows, and the
definition of operational corridors were contributed by the American Association of Railroads
(AAR) and participating railroads. Some railroads had provided these data as part of public
processes (such as merger and acquisition applications) and others regularly publish traffic flow
data. These data on freight and intercity passenger traffic were integrated into the GIS. American
Public Transportation Association (APTA) members provided some commuter rail data.
Additional information on network flows was acquired from other published sources (such as
train schedules).

1.1  PTC FUNCTIONS

The ART approached the PTC accident analysis by first defining a categorical framework which
established PTC design functionality and capabilities. Four categories were defined which
represented a broad range of PTC systems and their likely impacts upon safety. In addition, the
ART recognized that the effectiveness of PTC systems in safety improvement depended upon the
infrastructure and operational characteristics of the environment in which they were
implemented. Therefore, PTC system effectiveness was evaluated both in terms of the
functionality of the system and the control system and the existing signal system and traffic
control at the time of the accident.

PTC levels were based upon the functionality of train-control projects such as the BNSF
TrainGuard™ System Project, the Union Pacific Railroad (UP)/Burlington Northern Santa Fe
(BNSF) Positive Train Separation (PTS) Pilot Project, and the Amtrak/Michigan DOT Michi gan
Line Incremental Train Control System (ITCS) Project). The design specifications ori ginally
proposed for the UP/Illinois Department of Transportation (IDOT) St. Louis Line Project now
referred to as the TDOT of the North American Positive Train Control Program, which were
based on the Advanced Train Control Systenis Specifications (ATCS) were also used (o Joline
PTC levels.

For the 1999 RSAC Report to the Administrator, Uic Dula and Linplementation Tasic Force
defined the four design concepts in operational terms:

“The four design concepts are hierarchical, in that each superior design incorporates all of the
functions of the previous concept(s), and may either add functionality or scope (coverage) or
both. The design concepts, from the least functionality/scope, to the most, are as follows.

1.1.1. PTCLEVEL1

This is the first level PTC design concept to address the core functions as identified by the PTC
RSAC.

PTC Level 1 will:

O Prevent train to train collisions (i.e., positive train separation).

3



0 Enforce speed restrictions, including civil engineering and temporary restrictions
imposed by slow orders.

0 Protect roadway workers and their equipment operating under specific authorities from
train movements.

This level of PTC is based on providing specific location information on nearby trains and
roadway crews to the lead locomotive of a train. On-board enforcement is indicated on either the
failure of the engine crew to acknowledge a warning of a nearby train, or roadway worker crew,
or exceeding permanent or temporary speed restrictions.

Most of these systems will use a radio frequency (RF) link to provide information to the lead
locomotive of a train.

1.1.2 PTCLEVEL2

The next level PTC design will depend on the issuance of specific movement authorities and the
reporting of train and roadway crew locations to the authority issuer. In addition to the
functionality of PTC Level 1, Level 2 will:

Include a computer-aided dispatch (CAD) system designed to prevent the issuance of
overlapping authorities, and provide for the issuance and enforcement of additional speed limits
and restrictions.

Provide a digital communications link between the CAD system and the locomotives.
1.1.3 PTCLEVEL3
In addition to the capabilities of PTC Level 1 and 2, PTC Level 3 will:

Tnc01pO1 atc devices, such as Waysmle IntC| face Units (WIUS) that monitor cach mainline

' ' oy
’ S I
\\u_/'u [NYORCEN n\.vx,qlou\.u, tLllUlJlbL»le\\.« L\_\ ORGSO A.nu.,\,u.uuL..l..,\.J.. Vilie o e

reduce risk of operating over unsafe track. If new switches are required during nwpl mentntion of
4 Level 3 system, these switches will be tied into a wayside local area network (WLAN).

Provide WIUs in non-signaled territory that monitor switch and protective devices.



114 PTCLEVEL4

This is the highest level PTC design concept, and is largely based on the level 40 Advanced
Train Control Systems (ATCS) specifications. In addition to providing the functionalities of PTC
Levels 1, 2 and 3, Level 4 will:

Monitor each mainline signal, switch, and protective device with WIUs. This may require the
installation of devices on currently installed switches and protective devices.

Use additional protective devices, e.g., slide fences, anemometers, high water, dragging
equipment, hot box detectors, etc.

Add track circuits, track continuity circuits or other risk reduction approaches for broken rail
detection.

Provide track forces terminals (e.g., laptops or other technology with data link) for roadway
machinery to reduce the risk of accidents involving track forces outside their authority limits.”®

SRSAC 1999, p. 16-17.






2. ACCIDENT DATA

A review of the requirements for reporting accidents identified 63 causal factors of accidents that
are potentially PTC preventable. The RSAC PTC Working Group assigned the ART to identify
the PTC-preventable accidents in which those causal factors were present. The ART reviewed a
large accident database of candidate PTC Preventable Accidents (PPAs), and a judgment was
made on whether each accident was a PPA or not. These judgments were based on the
generalized capabilities of the four PTC concept levels discussed in Chapter 2. The ART was
composed of representatives from railroad management, labor, and FRA with many years of
experience in railroad operations, signal and train control systems, and research and
development. In some cases, members of the ART were on site at the time of the accident
investigation.

The accident data available for analysis in the study period included all reported accidents
between 1988 and 1997 in the FRA Railroad Accident/Incident Database called the “Rail
Accident Incident Reporting System” (RAIRS). Railroads are required to file monthly
accident/incident reports with the FRA Office of Safety in accordance with 49 CFR 225. The
reporting threshold that determines which accidents must be reported is $5,200 in 1987, and is
adjusted annually for inflation. The current threshold dollar value is $6,600.

The ART reviewed accidents from a data set of about 6,400 accidents. This data set was
compiled from over 22,000 accidents reported to the FRA from 1988 through 1997. The 6,400-
member accident data set was reviewed in detail and the results of that review are shown in this
report. Table 1 provides a summary of the breakdown of accidents reported in RAIRS and
included in this study.

" FRA 1999 Accident Incident Bulletin.



Table 1. Total Accidents in Study Period

1988- 1996-
1995 1997
Total Accidents in Study Period 22,594 5,140

Total Geographically Located Accidents (non-yard) 10,726 1,499
Accidents Reviewed by ART 4,800 1,600

PTC Preventable Accidents Selected 819 131

In its review of many reports, the ART encountered data fields that were in conflict, or contained
missing, insufficient, or incomplete information. When necessary, further information was
obtained from other sources. In every case, a final decision on the classification of an accident
was achieved by consensus.

The determination that an accident was a PPA, a non-PPA, or some other category resulted in a
notation being made in the database under the appropriate PTC level. Notations included
accidents that might be preventable by that category of PTC; those that may/will have the cost of
the accident mitigated by a category of PTC; those involving a track machine collision with
another track machine that is not preventable with current technology but may be preventable
with future technology; or accidents involving collisions between trains and track equipment
outside the limits of the track equipment’s authority. Various levels of preventability were
assigned by the ART and employed in the final modeling four PTC levels.

An attempt was made to assign a geographic location to every accident record. About 50 percent
of all reported accidents in RAIRS occurred in yards, and therefore were not considered to be
potentially preventable by PTC. These accidents, as well as thosc that could not ke located
geographically, were eliminated [rom the analysis. Finally, only those accidents that were
considered PTC preventable. based upon the inputs from the ART, and for which complete data
were available, were included in the analysis. This led to the exclusion of grade crossing
accidents and most equipment-failure related events.

It should be understood that Table 1 does not represent the universe of PTC-preventable
accidents that occurred in calendar years 1988 to 1997. It represents all of the accidents that
could be identified by using the accident cause code as a preliminary method of identifying a
potential PPA. Additional accidents could be PPAs but were assigned to cause codes that were



not reviewed by the accident review team.® The initial selection of cause codes served to reduce
the volume of accident data to be reviewed by the ART and is representative of railroad
accidents during the analysis period.

Accident consequences were used to describe the risk attributable to PPAs (historically) and to
construct an estimate of the likely severity of future PPAs. A summary of the PPAs, their
consequences, and their PTC system level appears in Table 2. Generally, accidents in the PPA
group were either collisions or derailments, although a few accidents involving equipment or
signal malfunctions were also included, such as a 1993 accident that resulted from a weld failure
causing one injury, and a 1988 accident, the result of an improperly displayed fixed signal, that
resulted in one fatality and two injuries. °

PPAs and Total Train Miles Per Year 1988-1997
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Figure 1. PPAs and Train-Miles Per Year 1988-1997

® ART team members, including FRA staff, used their personal knowledge and FRA/NTSB
investigation files to seek out accident records for major events. Relatively few events with
serious consequences are believed to have been overlooked.

? USDOT FRA Railroad Accident Incident Reporting System Database 1999 Accidents #
9301CSX19303005 (cause code T002), and #99-1ATSF310188105 (cause code S005).
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The trend in accident occurrence over time indicates that there were more PPAs annually in
1988-1991 than in the subsequent years. This may be due to earlier safety interventions that
occurred as a result of each of these incidents, or the trend may be related to other factors, such
as the volume of train traffic that occurred during that time period.

Figure 1 illustrates the frequency of PPAs per year ' (read off of the left-hand axis) compared to
the number of train-miles per year'! (values shown on the ri ght Y axis). The graphic shows that
the number of PPAs per year decreased from 1988 to 1992, and increased again in a cyclic
manner, as did the total train-miles during the period. This is a basic indication that the frequency
of this type of accident is related to the total train volume. However, the trend in PPAs does not
completely mimic the trend in train volume, as the difference between 1995 and 1996 illustrates.
Other factors obviously affect the frequency of PPAs and those factors, along with chan ges in
train volume, were investigated in this study.

Just as all years are not alike, neither are all PPAs. The distribution in severity is wider than the
deviation in frequency from year to year, as is described in Table 2. Since the ART defined
several levels of PTC systems for evaluation and rated accidents according to the likelihood that
they are PTC preventable in all or only certain circumstances, a distribution of accidents and
consequences were created. In Table 2 the accidents assigned to each category (both those rated

as completely preventable, or only partially preventable under certain circumstances) are
described.

'®USDOT FRA Railroad Accident Incident Reporting System Database.

"' USDOT FRA Accident Incident Bulletin, 1999 and 1993.
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Trends in the derailment category indicate relatively infrequent low-consequences events, whose
greatest potential hazard is in the possible release of hazardous chemicals and subsequent
evacuation. Seventeen of 420 derailments resulted in evacuations; the average number of people
evacuated was approximately 420 per incident. Two incidents resulted in over 1,000 evacuations.
One derailment, included in the group of accidents thought to be possibly preventable by the
highest level of PTC system, accounted for 47 fatalities.'* This accident is not consistent with the
general trend of the consequences of PTC-preventable derailments being less than collisions, but
it identifies a source of risk. The historical data can only answer part of that question. To
understand the total risk potential for the United States that might be addressed by PTC, a more
formal assessment of the hazards other than through the use of this model is required.

Distribution of Accldents by Cause Group
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Figure 2. PPA and Non-PPAs by Cause Group

'> This derailment was not included in the corridor analysis because its likelihood of
preventability was considered “low.” The conditions that led to its high severity are not treated in
the model (presence of a body of water capable of floating a commercial tow at a railroad
bridge), and its consequences were unusual with respect to the rest of the PPA database, making
it of questionable relevance with respect to the distribution of risk geographically in this
particular context. The accident was considered in the RSAC report as aggregate costs and
benefits were described.
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One significant difference between the PPA data and the balance of accidents during the same
time period is their attributed cause. Human factors-related causes account for 32 percent of all
other non-yard accidents, while they account for 67 percent of PPAs. Of the non-PPAs 33
percent and 15 percent are attributed to track or equipment failures, respectively, while in the
PPA dataset those numbers are 28 and 0 percent, respectively.

The accidents thought to be preventable by PTC are primarily in the category of human factors
accidents, with the exception of a few track-related scenarios that are highly dependent upon the
availability of the track equipment necessary to successfully implement specific PTC designs.

There is significant divergence between the PPA and the non-PPA data in terms of the
distribution of severity as well. The vast majority (88 percent) of severe accidents, one in which
there was at least one fatality, are reported in RAIRS in one of the “miscellaneous” cause codes.
These are general cause codes used to represent a variety of generic causes within each of the
major cause groups (human factors, equipment, track, etc.). Even though the initial screening of
accidents that could be preventable by PTC systems did not include the miscellaneous group
their high frequency of severe accidents suggested that they should be evaluated. As a result of
the ART’s evaluation, several severe accidents fell into these categories that were considered to
be PPAs; these accidents accounted for 14 fatalities.

PPAs represented many of the accidents involving fatalities during the time period. Of the 525
fatalities that occurred in non-yard accidents, not at grade crossings, 105 occurred in accidents
that were thought to be PTC preventable at level 4 (24 percent). A complete comparison of PPA
and non-PPA accidents appears in Table 4.
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Table 3. PPA Consequences (1987-1995) Mainline Accidents Only

PPA Non-PPA  Total PPA Non-PPA
Human Factors
Fatalities 42 16 58 72.41% 27.59%
Injuries 662 532 1194 55.44% 44.56%
Dollar Damages (million) 146.7 269.3 416 35.27% 64.73%
Evacuatees 6614 12933 19547 33.84% 66.16%
Miscellaneous
Fatalities 14 443 457 3.06% 96.94%
Injuries 35 2294 2329 1.50% 98.50%
Dollar Damages (million) 231.7 331.6 355 6.53% 93.47%
Evacuatees 170 10902 11072 1.54% 98.46%
Signal 0
Fatalities 1 0 1 100.00% 0.00%
Injuries 7 12 19 36.84% 63.16%
Dollar Damages (million) 2.6 4.4 6.9 37.04% 62.96%
Evacuatees 0 0
Track
Fatalities 1 1 2 50.00% 50.00%
Injuries 16 282 298 5.37% 94.63%
Dollar Damages (million) 36.1 407.03 443 8.14% 91.86%
Evacuatees 385 33608 33993 1.13% 98.87%
Equipment
Fatalities 0 7 7 0.00% 100.00%
Injuries 0 217 217 0.00%‘ 100.00%
Dollar Damages (million) 0 313 313 0.00% 100.00%
Evacuatees 0 13042 13042 0.00% 100.00%
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3. GEOGRAPHIC DATA

This analysis focused on identifying specific corridors that might benefit from PTC
implementation. That objective necessitated the development of a geographically specific
database to support the comparative analysis of risk on a location-by-location basis. The purpose
of the Geographic Information System (GIS) is to facilitate the analysis of rail-specific
characteristics in the prediction of risk and distinction of risk between corridors. Without a
complete description of the rail network upon which the accident model is based, the PTC
accident occurrence rate could not have been estimated. This network provided the basis for the
accident rate calculation, which is the probability portion of the risk analysis, and was crucial to
the completion of the project.

The physical description of the rail network was accomplished by creating a composite database
reflecting, as completely as possible, all of the national Class I railroads in the United States.
This database includes geographic location of track (including horizontal and vertical curves),
grade crossings, switches, and other features of the network such as speed limits.

3.1 DATABASES AND GIS PLATFORM

An important goal of this project was to produce a complete rail database for the continental
United States that is geographically accurate and contains useful attributes such as track
ownership, track rights, and status. It was also required to be suitable for network analysis and
for building an associated route system to locate linear-referenced features such as speed limits,
curvature, and grade changes since these features relate to the frequency of accident occurrence.

3.2  AGGREGATION OF RAIL DATABASES

Many different databases containing information relating to railroads have been provided to the
Volpe Center. Drawing from the strengths of each source, a composite geographically-based rail
database and a representation of a 1:100,000-scale rail network were constructed i Incorporating
data from a variety of sources. The input data included the FRA 1:2,000,000 scale rail database,
derived from the United States Geographic Survey (USGS) 1:2,000,000 scale digital line graphs
(DLGs); the Oak Ridge National Laboratory (ORNL) 1:100,000 scale database derived from the
USGS 1:100,000 scale DLGs; the VNTSC 1:2,000,000 scale database derived from the USGS
1:100,000 scale DLGs; and a VNTSC 1:100,000 scale database which was also derived from the
USGS 1:100,000 database with significant corrections made from a previous rail survey.
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321 GEOGRAPHICAL ACCURACY

Geographical accuracy is important for many different components of this task. Accuracy has a
direct impact on the quality all of the computed statistics (grade, curvature, and population
exposure) considered in other parts of this report. In addition, the closer it matches the actual
physical infrastructure, the easier it is to accurately locate physical features in the rail database.

The original FRA database used for analysis was created using 1:2,000,000 scale DLGs. This is
sufficient for abstract network analysis, but is not suitable for detailed examinations of individual
sites (e.g., accident locations), since the underlying map product (1970 National Atlas) was
designed for national coverage. Assuming the National Map Accuracy Standard (90 percent of
the features must be within .02 inches on the map of their correct locations), features should be
within 3333 feet of their true locations. Unfortunately, it is not clear if the 1:2,000,000 scale
DLGs even meet this accuracy, since their published background data omits this information.

A vast improvement in the geographical detail can be obtained by utilizing the 1:100,000 scale
DLGs. They are based on the topographical maps of the same scale and are appropriate for
analyzing individual regions of the country (down to a region approximately the same size as a
county). Their accuracy is approximately 167 feet. The coverage is complete for the purposes of
this project since the DLGs are available for all the states, except Alaska. Both the ORNL and
VNTSC 1:100,000 scale databases were based on this product. The FRA 1:100,000scale
database was based on TIGER/Line from the U.S. Census, which uses the same DLG geography
in rural areas. Unfortunately, it uses the older files in urban areas, which are missing many shape
points and have no published accuracy, since they were created solely for census enumeration.

Further improvement is possible using the 1:24,000 scale DLGs, which are the best produced by
USGS. The underlying topographical maps have an accuracy of approximately 40 feet.
Unfortunately, the digital coverage was available at the time of the construction of this database
for only 20 percent of the country. It has been important to use the currently available coverage
as a reference layer and for later studies of subregions of the rail database.

For this project, the 1:100,000 scale DLG-based databases were the logical foundation for the
final conflated network, since they contain significant geographical detail and the most complete
coverage 1is available.

This database is a “fixed” link rail database that incorporates all of the location-specific data
from the various input data sets including railroad ownership, position of stations, and other
railroad attributes. In addition, these databases include information that is linear-referenced,
meaning that the data provide a description of some characteristic of the link (beginning at a
milepost and ending on the same route at another milepost). This linear-referenced data describes
such characteristics as the maximum allowable speed on the link, the curvature, if any, and other
attributes that apply to track links. These linear-referenced attributes were attached (by using
common geographic data) to the 1:100,000 network and characteristics of each link were
calculated using this association.
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Some of the data refer to specific points, that is, geographic locations that can be described in
terms of a route and milepost, or latitude and longitude. These include the presence of a grade
crossing or switch. These attributes came from the survey data as well as from the ORNL
1:100,000 database, and were similarly attached to the individual links through a geographically
based association.

3.22 NETWORK CONFLATION

Conflation is the process of merging geography from multiple databases. The general problem of
conflating databases from the radically different sources with no common attribute is very
complicated and difficult to automate, given the difficulty of matching features between the
sources. Some features may be present in one database and not in the other, causing the
topologies of the databases to differ greatly. In addition, the geographical locations of features
will usually differ. Conflation involves creating associations between nodes and between links in
different databases to facilitate the transfer of attributes.

A good illustration of this problem would be the task of conflating between raw 1:2,000,000 and
1:100,000 scale rail DLG databases without any additional linkage information. The vast
difference in scale and lack of many attributes would preclude any automated process of
producing the correct associations.

The FRA 1:2,000,000-scale database was associated with the corresponding Volpe database
based on the same DLG source and their common attributes. The simple conflation between like-
scale databases required matching links and subdividing the Volpe links to create any nodes,
which were missing in one but present in the other database. Missing portions of track were also
merged into the Volpe database. At the conclusion of the process each node and link of the
Volpe database was labeled with its corresponding FRA 1:2 million unique identifier.

This association, along with the Volpe association, is then used to transfer the attributes to a
1:100,000-scale database (initially the Volpe database). A similar simple conflation was used
between the ORNL and the new Volpe database since they are both based on the same DLG
source.

3.23 NETWORK SEGMENTATION

A procedure was designed to segment the VNTSC 1:100,000-rail network into uniformly defined
Route Operational Segments (ROS) for the analysis. It was necessary to create a uniform
definition of segments to enable the analysis of each link, since variability in segment definitions
could yield questionable results. This method defined segments in terms of control points, as
denoted by the presence of an interlocking switch. Further segmentation occurred if additional
track (or reduction in the number of tracks) or type of traffic (from freight or passen ger only to
another type) occurred within the link. The resulting database has approximately 8,000 segments,
representing about 120,000 miles of track.
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In addition, descriptions of rail-specific attributes were assigned to each link. These attributes
were subsequently used in the analysis of the historical pattern of accidents and the development
of a predictive model of accident occurrences:

Switches: the number of switches of each class counted for each segment, classified by the type
of track from which they exited or entered.

Number of tracks: the number of tracks, which is constant throughout the link due to the
segmentation.

Curvature: the minimum and maximum curvature and numbers of curves starting and ending ori
the link were computed.

Grade: the minimum and maximum grade and a weighted sum of the average grades for all
segments were computed.

Maximum speed: the maximum freight speed for each link.

Signaling system: the number of point signals on the link, the first primary signal system
observed, and a flag indicating whether this was in effect for the whole link.

Traffic Control system (Auto, Signalized, or Dark): the number of point controls on the link, the
first primary control system observed, and a flag indicating whether this was in effect for the
whole link.

Population: the number of individuals living within ¥4, 14, 1, 2, 5, and 10 miles of the link,
calculated using the U.S. Census TIGER database using a census block centroid method. By this
method, if the centroid of the census block lies within the specified aggregation distance the total
population for that block is added to the aggregation.

3.24 TRAIN VOLUME DATA

One of the most crucial inputs into the analysis is the annual volume of traffic on each segment.
Data from a variety of sources were again merged to create two estimates of these volumes. In
the initial version of the model, the Surface Transportation Board Waybill Sample was used to
estimate total train traffic flows. A full description of the waybill sample appears in Appendix A.
The PTC Implementation Working Group decided, due to limitations with the waybill sample in
accurately describing train volumes and the desire to have a more detailed estimate of true train
traffic, to substitute actual train counts or traffic density estimates for all segments of the rail
network where they were available. This was accomplished by conflating data provided to the
Volpe Center by the railroads or the FRA to specific locations on the GIS, and assigning the
flows between stations to match those reported by the individual railroads.

During the time period between 1995 and 1997, several major railroad mergers and acquisitions

took place. The Surface Transportation Board reviews and must approve such transactions. As
part of their applications, railroads must submit data relevant to the competitive and
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During the time period between 1995 and 1997, several major railroad mergers and acquisitions
took place. The Surface Transportation Board reviews and must approve such transactions. As
part of their applications, railroads must submit data relevant to the competitive and
environmental impacts of their proposals. Beginning with the acquisition of Conrail, FRA has
also requested (and STB has required), preparation of Safety Integration Plans. In response, the
UP/SP (now UP), BN and Santa Fe (now BNSF) Norfolk Southern, Control and CSX (now NS,
CSX and joint territory Control) having all proposed mergers or acquisitions of some sort during
this time period, provided extraordinarily detailed information to FRA on the exact train volumes
between stations, the type of traffic, and the volume of hazardous materials for those segments
affected by their proposals.

These data are publicly available and were made available to the Volpe Center through the
railroads’ cooperation and via existing FRA databases. Other published data sources were also
included in the analysis, where railroads provided specific information on their annual tonnage.

Finally, some data were provided by the other railroads on segments not covered by mergers and
for which no publicly available data were available. These data were incorporated into the
database as well.

For each segment on the network, where possible, flow is provided in one or more of these
forms: annual trains per year, annual tons per year, or trains/mile per year. These data were
resolved to a common metric (trains per year) for the analysis using a methodology based upon a
linear regression model.

In some cases, railroads provided data both on the total gross tons per year on segments of the
network along with the number of trains that traversed those segments per day. In those cases it
was possible to fit a linear regression model using the number of trains per day as the dependent
variable, and annual gross tons as the independent variable. Given this relationship the resulting
formula was used to create an estimate of the number of trains per day for segments for which
these data were not reported, and convert the gross tons data into a common metric (trains per
year) for all segments.

The linear regression model fit to this data resulted in a highly reliable model. The goodness-of-
fit statistic (R-square) resulted in a value of 0.87. The “adjusted” R-square was likewise very
high (0.875) indicating that the model provides a good linear fit of train counts to gross tons.

The final form of the model converts million gross tons to trains per year using the function
Trains per year = ((mgt * .412501) + 2.2382)* 250.

This model was therefore applied to translating the available data into a uniform measure of train
volume; trains per year.
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3.2.5 PASSENGER TRAIN AND COMMUTER RAIL VOLUMES

In addition to the train data provided by the freight railroads, data on passenger train volumes,
including number of cars and passengers, were assigned to the network. The passenger rail
market has been segregated into two different groups for purposes of quantification and analysis.
The segmentation is intercity rail passengers, defined by National Railroad Passenger
Corporation (Amtrak), and regional/commuter passenger rail as defined by the Federal Transit
Administration (FTA) in the National Transit Database.

3.2.5.1 National Passenger Rail Corporation (Amtrak)

Data collection efforts differed significantly for the two types of passenger rail carriers. The
Amtrak marketing department provided annual passenger information on train routes and
between stations. Amtrak owns, co-owns, or has track-use rights on many routes traversin g the
country. Each route was coded into the GIS and the passenger volume for each route between
each station then added to the existing route. This information was added to the base network.
Amtrak initially provided information for the month of June 1996. Subsequently, they provided
information for a full year of Amtrak train movements (1995).

3.2.5.2 Commuter Rail

The data collection was much more difficult for the regional/commuter rail networks. Unlike
intercity passenger rail, there is no central source for passenger information based on volume for
travel between stations. Each of the 14 operating commuter rail companies and a larger group of
city transit rail operators which reports to the FTA’s National Transit Database (formerly Section
15), has their own method of reporting and counting passengers. The most recent passenger data
was collected between 1992 and 1995 depending on the rail service provider involved.

The information fell into several major groups, with each operator providin g their own variation.
Operators provided a list of stations and either bi-directional or single direction boarding and
alighting counts for each of their stations. Generally, a good assumption is that passengers make
around trip every dayj; therefore, a single direction passenger count is representative of traffic in
both directions. Single direction passengers are assumed to offset each other when data are
aggregated annually.

Commuter rail operators also provided passenger information by providing “between” station
counts. Volpe did not receive documentation on the methods used to collect this information,
however, the onboard counts are probably reliable since conductors or other railroad personnel
report them. Commuter operators accumulated data for 1 week, 1 month, or 1 year time periods.

Since the ultimate objective was not only to reflect passenger counts but also passenger trains per
year, the published schedules were used to count the number of trains between stations on a
weekly basis. These data were then used to create an annual train count for each year and the
data were subsequently accumulated with the intercity passenger and freight traffic for each
segment of the network. A description of the Volpe Rail Network appears in Table 4.
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Table 4. Summary of Volpe Rail Network Characteristics (79,000 Links)

Signalized Train

Automatic Train Control (Not Unknown Control
Control Auto) Dark Territory =~ Method
VID (-I-J-r-l'i}]EArc-Level o
Records) 4,706 44,662 31,132 3,518
PPA Accidents 57 427 231 98
Miles (measured at ARC level) 5,585 74,500 63,559 2,657
Average Maximum Speed 44 43 27 9
Number of Tracks (per link) 2 1 1 04
Number of Switches (per link) 1 1 1 04
Number of Curves (per link) 1 2 2 0.4
Average Curvature (in degrees) 42 65 74 20.7
Average Million Gross Tons
Freight Per Year (per link) 58 34 7 12.9
Average Percent of Tonnage
Hazmat (per link) 3% 4% 3% 5%
Average Number of Freight
Trains Per Year (per link) 8,895 5,586 1,255 2,110
Average Number of Commuter
Rail Trains per Year (per link) 6,506 298 57 392
Kverage Number of Amtrak
Trains per Year (per link) 5,124 360 14 135
Total Derailments 371 4,280 2,007 158
Total Collisions 80 590 236 26

It is important to note that the 79,000-segment rail network described in Table 4 is not a
complete representation of the full national rail network. A significant portion of territory in
Wisconsin, Minnesota, New York, and Vermont was not characterized either because the
segments were low-volume territory or were passenger rail corridors alone. The Wisconsin
Central and Long Island Railroad are the notable portions of the rail network not included in the
database used to construct the rail network. In spite of this omission, only 2,400 miles of territory
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not on short-lines were completely unavailable for analysis at the VRAIL level. When these
segments were aggregated into Route Operational Segments (ROS) they were characterized
when possible, but if other data were also missing the effect was to make the segment unusable
(see Table 5).

Table 5. ROS Network Characteristics

Signalized
Automatic TrainTrain Control Dark
- Control (Not Auto) Territory Unknown
S_ID (Unique Arc-Level Records) 355 3,731 3,224 771
PPA Accidents 56 434 218 17
Miles (measured at ROS level) 4412 64,331 58,130 3392
Length Weighted Average Maximum
Speed 43 39 25 6
Number of Tracks (per ROS segment)
2 1 1 0.3

Number of Switches (per ROS segment) 2 2 2 0.3
Number of Curves (per ROS segment) 2 2 3 0.5
Length Weighted Average Curvature (in
degrees) (per ROS segment) 35 32 41 53
Average Million Gross Tons Freight Per
Year (per ROS segment) 17 14 2 7.2
Average Percent of Tonnage Hazmat
(per ROS segment) 4% 4% 3% 5%
Average Number of Freight Trains Per
'Year (per ROS segment) 8,775 5,641 1,313 1,301
Average Number of Passenger Trains

 [Per Year (per ROS segment) 10,882 585 66 377
Total Derailments 369 4,308 1,850 289
Total Collisions 79 602 213 38

Table 5 summarizes the effect after the ROS were created, in terms of the total segments that
could not be characterized and included in the final analysis. About 3,400 miles of track could

22




not be included because the train control method was unknown or some other important factor
could not be characterized. It was from this level, the ROS group, that corridors were defined.

3.3 PPAS AND METHODS OF OPERATION

Among the most important variables in predicting risk on the rail network is the type of signal
system and control method employed. Signal systems and methods of operation determine the
possible speed, traffic mix, and traffic density on the railroad. They are distinct in their reliability
and vulnerability. While signal systems are highly reliable, they are vulnerable to, among other
things, weather and human error. Similarly, dispatching systems can result in errors of traffic
assignment with deadly consequences. As the level of train control increases, implied by the
method of operation, the safety of the network should also increase. Most locations in the U.S.
employ a system of signal control that automatically assigns a right-of-way clearance based upon
track occupancy. Some segments employ cab-signal systems that display signal aspects to the
cab crew inside of the locomotive. Neither of these types of systems can automatically stop a
train. Only a few systems are capable of enforcement of braking requirements, and those
principally in the event of train-to train conflicts due to a crew’s failure to comply with a signal
indication. Other conflicts, such as those between trains and maintenance of way equipment, or
train-to-train collisions caused by excessive speed, overtakes, etc., are not preventable by the
Automatic Train Control methods currently in existence. The ART found nearly 20 PPAs that
occurred in territory that was under ATC, the highest method of operation. Due to the
counterintuitive result of finding so many PPAs in this method of operation, a special analysis of
this topic was undertaken.

Methods of operation were assigned to segments (as described in Table 5) according to the
percentage of the total mileage in each segment defined by the GIS as in one of several signal
and control methods of operation. There are, in total, 13 methods of operation that were
originally described by the GIS database as to the signal or control method for each individual
locution. Asthe data were aggregaled from opproximately 7000 g 1 2000 s s
information captured at the detailed level also had to be aggregated. These data were
accumulated by making two groupings; first, by taking the individual control method data (which
consists of 13 possible control methods) and collapsing those into one of four categorics
(including unknown), and then by calculating the percent of the total miles in each segment
classified into one of those four categories. The categorizations shown in Table 6 are based upon

these two types of aggregations.

Another source of data on the method of operation also exists, however. That data comes from
the accident record itself, which also records up to 13 different methods. The method captured on
the accident record (due to its point specificity) often fails to correspond directly with the method
of operation shown as the percentage of each of the four categories described in Table 6. PPAs
were attributed to these aggregated segments, and therefore the specific method of operation for
the geographic “point” at which the incident occurred is obscured. The PPA data reflect the
percent of the miles of that ROS on which the accident occurred, control were under auto, cab-
signal/abs, remote control or dark territory mileage percentages, respectively. The method of
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operation is a critical input into understanding the frequency and severity of PPAs, however, and
without point-specific data it can be argued that our understanding of the relationship is less than
adequate. For that reason, a separate analysis of the distribution of PPAs by method of operation
was conducted.

While the GIS network data provide information as of 1990 on the method of operation for most
of the network, an additional source of data on this point also exists. This information is provided
by the railroad on the accident report and reflects all of the methods of operation on the segment
at the time of the incident. A facsimile of this report appears in Figure (inserted) ). The copy in
this report reflects the current accident report form (in some cases earlier versions were in use
when data were collected for this analysis). Using this report form, railroad officials identify the
method (or methods) of operation in effect at specific a location at the time of the accident.
Multiple methods of operation are often reported on this form.

Using this form and information provided from the GIS, a table of “equivalent” groupings of
methods of operation to be used in this analysis were developed. In some cases the
correspondence is also governed by whether the methods of operation are functionally (or
legally) equivalent to one another.
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DEPARTMENT OF TRANSPORTATION

RAIL EQUIPMENT ACCIDENT/INCIDENT REPORT

FEDERAL RAILROAD ADMINISTRATION (FRA)Y OMB Approval No.. 2130-0500
1. Name of Reporting Railroad la. Alphabetic Code 1b. Railroad Accident/Incident No
2 Name of Other Railroad Involved in Train Accident/Incident 2a. Alphaberic Code 2b, Railroad Accident/Incident No
3. Name of Railroad Responsible for Track Mail (single entry) 3a. Alphabetic Code 3b. Railroad Accident/Incident No
4 U. 5. DOT-AAR Grade Crossing Identification Number 5. Date of AccidentIncident 6. Time of Accident/Incident
month day year
A S wl] e []
7 Type of Accident/ 1. Derailment 4. Side collision 7. Hwy-rail crossing 10. Explosion-detonation 13. Other Code
Incident (single 2, Head on collision 5. Raking collision 8, RR grade crossing 1 1. Fire/violent rupture fdescribe in
emtry in code box) 3. Rear end collision 6. Broken train collision 9. Obslruction 12. Other impacts narrative)
8. Cars Carrying 9. HAZMAT Cars 10. Cars Releasing 11. People 12. Division
HAZMAT Damaged/ HAZMAT Evacuated
Derailed
13. Nearest 14. Milepost (10 15, State Code 16. County
Ciy/ nearest Abbr.
Town tenih)
17. Temperature (F} 18. Visibility (single enirx} Code 19. Weather (single enirv) Code 20. Type of Track Code
(specify if minus) ° 1. Dawn 3. Dusk L. Clear 3. Rain 5. Sleet 1. Main 3, Siding
F 2, Day 4, Dark 2. Cloudy 4. Fog - 6. Snow 2. Yard 4, Industry
21 Track Name/ 22. FRA Track Code 23. Annual Track 24. Time Table Direction Code
Number Class (1-6, X) Density (gross ions |. North 3, East
in millions) 2. South 4. West
25. Type of Equipment 1. Freight train 4. Work train 7. Yard/swilching Code 26, Was Equipment Code 27. Train Number/Symbol
Consist 2. Passenger train 5. Single car 8. Light locoys). Attended?
(single eniry) 3, Commuler train 6. Cut of cars 9. Maint./inspect. car |. Yes 2.No
28. Speed (recorded speed, Code 30. Method(s) of Operation  (enter code(s) that applx)
if avaitable) a. ATCS 2. Automatic block m. Special instructions 0. Other (specify in narrative)
R - Recorded b. Aulo train control h. Current of traffic n. Other than main track rules
E - Estimated MPH ¢, Auto train stop i. Time table/train orders
. i ) | Code(s)
29, Trailing Tons (gross fonmage d. Cab signals Je Trfxck warrant control
Iudi N . ' e, Traffic control k. Direct traffic control
excluding power units) . Iterlocking L Yard limits
31. Principal Car/Unit a, lnitial and Number b. Position in Train ¢. Loaded(ves/mo) 32. If any railroad employees tested for drug or alcohol impairment, enter
codes from reporting Cod
(1) First Involved manual. e(s)
(derailed, siruck, eic.)
(2) Causing (if mechanical, 33. Was this consist transporting passengers? (y/n)
cause reported)
34. Locomotive Units 2 Head Mid Train Rear End 35, Cars Loaded Emply
End b.Manual | ¢. Remote | d. Manual | e. Remote a, Freight b. Pass ¢, Freight | d. Pass e. Caboose
(1) Total in Train (1) Total in Equipment Consist
(2) Total Derailed (2) Total Derailed
36. Equipment Damage 37. Track, Signal, Way, 38. Primary Cause 39. Contributing Cause
This Consist & Structure Damage l Code I Code l
Number of Crew Members Length of Time on Duty
40. Engineers/ 41. Firernen 42 Conduclors 43. Brakemen 44. Engineer/Operator 45, Conduclor
Operators Hrs: Mins: Hrs: Mins:
Casualties to: 46. Railroad Employ 47. Train P g 48. Others 49. Special Stdy Block
Fatal
Nonfalal
50. Narrative Description (Be specific, and continue on separate sheet if necessary)
51. Typed/Printed Name & 52. Signature 53, Date

Title of Preparer

FORM FRA F 6180.54
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Table 6 shows the correspondence between the network definitions of train control method and
the accident report data.

Table 6. Network and Accident Record Control Method Codes
Network Codes Accident Record Code

INone Yard
Auto Train Control
Auto Train Stop
IAUTO Cab Signal
Manual Block
Interlocking
Automatic Block
SIGNAL Traffic Control
Time Table
Radio
Verbal Permission
IDARK Train Orders

The data represented in Figure 3. PPA Accidents by Control Method 1988-1995 Using Accident
Record Data reflect the assignment of PPAs to a method of operation based upon information
reported on the FRA’s accident report (not the GIS). Sorted by frequency, the data illustrate that
the highest number of incidents were assigned to dark territory.
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PPAs by Control Method {Accldent Report Data)
1988-1995 Totals for all PTC Levels (14)
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Figure 3. PPA Accidents by Control Method 1988-1995 Using Accident
Record Data

There are some differences in the frequency of accidents by type of territory using the GIS
method of operation assignments. One major differences is that in the GIS the data on YARD
rules is sparse, since most of it is not coded. Instead, these accidents were reflected as having
occurred in “unknown” territory. Using the FRA’s accident report data, at PTC level 1, 168 of
326 accidents occurred in dark territory for which data were reported. Figure 4. PPAs by Control
Method Using Network Data illustrates the distribution of PPAs of all PTC Levels based upon
network data. In most instances the distribution of accidents in each category is very similar.
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Total PPAs 1988-1995 Based Upon Network Data
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Figure 4. PPAs by Control Method Using Network Data

Another method of interpreting this data lies within the context of the accidents per unit of
exposure to each method of operation. Exposure can be measured in several ways all of which
will result in a different interpretation of the accident “rate.” One method is to measure exposure
in terms of the number of route or track-miles under a particular method of operation. Another
measure might be the total number of trains or number of tons hauled under the various methods.
Still another estimate of exposure expresses both the distance and the volume of traffic by
constructing a measure such as train-miles or ton-miles. Each of these measures has been
examined as a possible method of normalizing the accident frequency for this study. The effect
of normalization by train-mile is illustrated in Figure 5.
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Figure 5. PPAs by Control Method per Train-Mile

The actual difference in the number of PPAs in each of the categories of method of operation is
less significant than the normalized difference. Figure 6. PPA Costs by Train Control Method
Costs Using Economic Team Cost Assignment Methodology illustrates the effect of normalizing
the 8-year PPA frequency against the total number of train-miles in each of those categories of

method of operation. From this perspective, dark territory (operated only by voice

communications or paper train-orders) has a significantly higher accident rate per train-mile than
the other two categories. The exposure measure chosen for comparison of the results or input
values may have a significant impact on their meaning, hence the result of the analysis. It is,
therefore, important to look at several methods of normalization before coming to conclusions

about the relative risks.
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Figure 6. PPA Costs by Train Control Method Costs Using Economic Team Cost

Assignment Methodology

Figure 6 illustrates another method of expressing the frequency of PPAs; by weighting their
outcomes in terms of accident severity. Each of the PPAs in the three known train control
methods represented in Figure 7 (and those in the unknown category) have been assigned a
severity measure based upon the cost of the accident. This cost assignment strategy was

developed by the RSAC Implementation Task Force to allow for a universal comparison of the
outcomes of train accidents under consideration in this study. (See Appendix B). This method is
employed in the CRAM to evaluate the historical effects of accidents and to predict the severity
of the consequences of future accidents. Here it is simply employed to allow for a “risk-"" based
comparison of the frequency of accidents and their severity. The non-normalized total accident

costs in signal territory were higher than the other three categories.
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Figure 7. PPA Costs per Train-Mile by Train Control Method

The normalized PTC risk (PTC accident costs divided by total train-miles in each method of
operation) again indicates that although the highest costs were in the signal train-control method,
the highest risk per train-mile was in dark territory during the 8-year-study period. If this rate is
indicative of future trends, traffic in dark territory will experience the highest costs of PTC-
preventable accidents per train-mile.
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4. CORRIDORS

Corridors are logical geographic segments that represent typical point-to-point shipping lanes in
the United States. Corridor definitions were initially provided by the FRA to Volpe; later these
definitions were reviewed and modified by the railroads. Corridor definitions are specific to
origin and destination points and reflect the typical shipping lane, although they may exclude
short-line or terminal segments that exist around major cities.

The identification of corridors had two steps. First, the definition of the endpoints and the route
between those points were provided by the railroad. Second, each corridor's component
“segments” was identified within the GIS as part of the corridor. Since all of the analysis is
conducted at the “segment” level, definition of the corridor is actually an aggregation of these
specific segments into a subgroup. Those subgroups sometimes have overlapping segments, and
therefore corridors may share many common elements, including PPAs.

In the final version of the model, 183 corridors were analyzed. The corridors selected for study
are disparate in length, volume of traffic, type of traffic and method of control. They represent
the normal operational corridors for many of the major rail shipping lanes in the country,
however different those lanes may be.

41 ANALYSIS OF CORRIDOR DIFFERENCES

Corridors represent roughly half of the total ROS Segments analyzed in this study. Of the total
8,081 ROS segments in the database, 3,394 were assigned to corridors representing 57,139 route-
miles of U.S. railroad. Freight and passenger train counts per year were summed to reflect the
total traffic volume on segments and corridors. The total freight trains per year on corridors in
this analysis were approximately 26 million. Passenger trains totaled approximately 3.8 million
per year. On average, corridors saw 7,395 freight trains per year and 888 passenger trains per
year. Corridor speeds were represented by both the highest maximum speed on any ROS
segment and also by the length weighted average speed for segments. The average maximum
speed was 39 mph on all corridors, and the average length weighted average speed
approximately 35 miles per hour. Finally, train control methods represented by rail GIS data that
described the control method for various locations around the network were assigned on a
percentage basis for each of the ROS segments. In total there were 3,456 miles of track assigned
to automatic train control territory (including cab signaling), 47,667 miles assigned to signal
territory and 5,880 miles in dark territory. However, most of the territory assigned to corridors
was single-track territory.

Table 7 shows that there is significant variability in the number of tracks, speeds and volume on
the corridors. Figure 8 illustrates the total mileage variation between corridors, sorted by the
percentage of the total corridor mileage that is considered “dark” territory.
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Figure 8. Distribution of Corridor Territory by Control Method
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Figure 8 illustrates that the method of operation on most corridors in this study is by signal
indication; not automatic train control, (including cab signaling) or dark territory. In Figure 8 the
shaded areas refer to the percentage of territory on each corridor that are operated under each of
these three control methods (according to the Volpe Center’s database).

The 180 corridors described in this study averaged 342 miles in length, however, they ranged
from 61 to 1,836 miles. Likewise, they varied significantly in the total traffic and the type of
traffic, either freight, passenger, or mixed. Corridors varied by orders of magnitude in the
number of freight trains reported for each ROS segment of which it was composed. Table 7
illustrates the diversity of these values. Corridors with no passenger trains, or very few freight
trains, which experienced any PPAs would, due to their low total traffic level, appear to be of
much higher risk per train-mile than would higher volume corridors experiencing the same
number of accidents.

Since there is so much variation among the attributes of the corridors, which were likely to have
an effect on the occurrence of PPAs, such as, the length and total volume of traffic on the
corridor, it was necessary to examine multiple ways of comparing corridors with regard to their
PPA risk.
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Corridors in Region 3
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Corridors in Region 5
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4 Corridors in Region 7
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Table 7 Definition Key

Corridor Number

Corridor ID Number (Internally Assigned)

Owner Railroad Owner

Endpoint From Location, City, State

Endpoint To Location, City, State

Total PPAs Number of PPAs Assigned to Corridor

Corridor Length (Miles)

Length (endpoint to endpoint)

Average Maximum Speed

Average Freight Maximum Speed by ROS for
Corridor

Average Number of Tracks

Average Reported Number of Tracks by ROS
for Corridor

Average Percentage Hazmat Per Year

Average Percent Hazmat Freight by ROS for
Corridor

Average Number of Freight Trains per Year

Average Freight Trains by Corridor

Average Number of Passenger Trains per Year

Average Passenger Trains (Amtrak and
Commuter)

Length Weighted Average Speed Mean

Average of Speed Multiplied by Mileage Under
That Speed Limit for Corridor

Length Weighted Average Curvature Mean

Average of Degrees of Curvature by Mileage
Under that Curvature by ROS for Corridor

Average Curves per Mile

Average Number of Curves Per Mile per ROS
for Corridor
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S. HISTORICAL PATTERNS

Distinguishing among corridors based upon risk was addressed by using two methods. The first
method examined the historical pattern of accidents by corridor and described these accidents in
terms of their overall consequences. By comparing all corridors with each accident “weighted”
by its consequences it was possible to determine whether any corridor presented a higher
historical PPA risk than any other.

This method of historical consequences comparison was accomplished by calculating the total
consequences for all accidents, which were then used to produce the corridor rankings. A
comparison of all corridors based on the total calculated historical benefits was used to determine
whether there were actual significant “differences” among corridors, and to determine which
corridors might warrant more thorough investigation.

51 BENEFIT ASSIGNMENT METHOD

Implementing PTC is expected to result in quantifiable benefits. These benefits might be in the

form of avoided fatalities and injuries to railroad employees or passengers, or they may take the
form of avoided costs due to track or equipment damage in accidents. The estimate of the costs

of previous accidents, which expresses the value of all of these benefits, can be used to forecast
the value of PTC implementation in the future.

The risk avoided by PTC is therefore expressed, for this analysis, in terms of both the expected
reduction in accident probability as a result of PTC and the resulting avoided costs due to these
prevented accidents. Again, the analysis benefited from the participation of the RSAC/ PTC
Implementation Task Force in developing a method to assign costs to historical accident
experience, and provide a method for forecasting the cost avoidance due to PTC implementation.
This methodology is discussed in detail in Appendix B, the Report of the Railroad Safety
Advisory Committee to the Federal Railroad Administrator — Implementation of Positive Train
Control Systems, September 8, 1999 Section V-C, p 71-89, and Appendix D (referred to as the
“RSAC Report”).

These accident costs were converted into operational values for application in the PTC study.
The methodology by which these costs were assigned is based upon the assigned values from the
accident costs report (Appendix B) and data made available through RAIRS on accident
outcomes. Each individual PTC preventable accident in the dataset was-evaluated using the same
formula that assigns a dollar value to the costs of the accident and thereby creates a potential
safety benefit for accident avoidance.

5.2 PPA ASSIGNMENT TO CORRIDORS

All PPAs with a valid geographical location were assigned to corridors for this analysis.
Although 813 (of the total 818 PPAs identified by the ART) were assigned to valid geographic
locations and were eligible for the analysis, only 445 were actually assigned to network locations -
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that were also included in the identified corridors. In some cases, more than one corridor

includes the same location, most often when terminus points occur in yards or on shared track

around major cities.

Table 8. PPA Consequence Descriptions (PPAs located on Corridors)

Number Injured Reported[Reported Hazards
of - (not Injured Track  |Equipment materials
Fatalities ) .
PPAs : railroad  |((railroad |Damages[Damages cars
(railroad )
employees) o 55 employees)employees)[(M$s)  [(M$) Evacuations|releases
445 38 48 297 $11 $80 1,285 539
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Table 9. Cost Factors for Accident Valuation

The total cost of an accident is the weighted sum:

$2,700,000 per number of fatalities in {reight and passenger train accident

$100,000 per the number of employee injuries in freight and passenger trains

$55,000 per the number of non-employee (passenger) injuries in freight or
passenger trains

$500 Per the number of individuals evacuated in an accident

$250,000 per hazmat release

$ 6,500 per freight cars where loss of lading occurs

$250 per hour of delay of a freight train

$148.44 per hour of passenger train delay

$750 per derailed freight locomotive or

$75,000 per derailed passenger train locomotive +

$2500 per derailment (for emergency response and rerailing) +

$s reported reported Track and Equipment damage.

To systematically compare corridors with respect to their historical accident experience, the cost
of each accident was determined, using a cost assignment methodology. A full description of this
cost assignment methodology appears in the Economics Section of the RSAC Report (Section V.
-C, p. 69). Using this methodology, costs were assigned to each PTC-preventable accident, using
the scale $2.7 million per fatality, $100,000 per employee injury, $55,000 per passenger injury
and $500 per evacuation. Dollar damages to track and equipment were included as reported on
the RAIRS accident reports. To reflect additional unreported costs for repairs, delays and
equipment damage other raw damage, hazard cleanup, etc., specific costs were assigned to the
cost of accident emergency response, rerailing derailed equipment, and the loss of hazardous
materials. Using these numbers the average PPA cost $1.10 million, ranging from the lowest
accident cost of $10,266.00 to the highest of $8.581 million). The result of the historical cost
assignment is illustrated in Figure 10.
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Figure 10. Historical Costs of PPAs by Corridors in Dollars per Train-Mile

The historical costs of PTC-preventable accidents are concentrated at a handful of locations
experiencing catastrophic PPAs. However, that concentration does not necessarily imply that
future PPA costs will be concentrated at the same locations. To predict future PPA locations, one
must employ a model that relates network and link characteristics (e.g., curvature, train volume,
etc.) to PPA experience. That is what this analysis does.

The contribution of these differences to the determination of risk for each corridor, the total
benefits, as calculated using the weighting function described above, were calculated for each. At
that point these benefits were divided by two different measures of exposure, total corridor
length, and total train-miles (the number of trains reported to have flowed on the corridor in 1
year multiplied by the length).

Based upon this analysis, corridors were sorted from the highest ratio of benefits per mile and

benefits per car mile and compared. The results of these comparisons appear in Table 10 and are
shown for the top 20 corridors in the following illustrations.
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Table 10 Definition Key

Corridor ID Number

Corridor ID Number (Internally Assigned)

Total PPAs

Number of PPAs Assigned to Corridor

Total Historical Costs

Calculated PPA Costs Based Upon Economic Team
Cost Assignment Method

Annualized Historical Costs

Total Historical Costs Divided by 8-year Time Period

Annualized Historical Costs per mile

Annualized Historical Costs Divided by Total Miles
on Corridor

Annualized Historical Costs Per Train-
Mile

Annualized Historical Costs Divided by Total Train-
Miles on Corridor

Annualized Historical Costs Per Train

Annualized Historical Costs Divided by Total Trains
on Corridor

IHistorical Rank Total Annualized
Historical Costs

Rank (Highest to Lowest) based upon Annualized
Historical Costs

Historical Rank per Mile

Rank (Highest to Lowest) based upon Annualized
Historical Costs per Mile

Historical Rank Per Train-Mile

Rank (Highest to Lowest) based upon Annualized
Historical Costs per Train-Mile

Total Fatality Costs

Costs per Fatality based upon Economic Team Report
(2.7 million per)

Total Railroad Employee Injuries Costs Cost per Injury ($100,000)

Total Non-Railroad Injury Costs

Cost per Non-railroad employee injury $55,000

Total Derailments

Total Estimated Derailment Costs

Total Loss of Lading

Economic Costs for Loss of Lading

Total Other Freight Costs

Other Freight Costs

Total Delay Costs

Delay costs to travelers

[Total Equipment Costs

Damaged equipment costs

Total Track Related Costs

Track damage costs
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6. ANALYSIS OF THE PPAS ON THE OVERALL NETWORK

The historical perspective on the pattern of PPAs illustrated both that there might be significant
differences among corridors and that certain factors, such as corridor length and volume, might
contribute to explaining these differences.

Since only 57,000 miles of the total network were assigned to corridors in this analysis, it was
important to consider how the overall PPA risk behaves on the whole network, not just the track
that was assigned to corridors.

To do this, a separate analysis of all PPAs on all locations was performed. This analysis involved
the development of a regression model, which sought to relate link-specific characteristics to the
occurrence of PPAs. By analyzing PPAs on the whole network, not only track assigned to
corridors, a more robust model of PPA risk was developed.

Corridors themselves vary with respect to volume, control method, speed, curvature, grade, and
other track and operational characteristics, as do segments. In fact, segments are like very small
corridors, and the large number of segments available for this analysis'(about 8,000) enhances
the predictive generalizations both about segments and corridors. The application of the
forecasting model reinforces the historically based conclusions about risk. If the forecasting
model relating PPAs to location specific variables identifies “corridors” and not “random
locations™ as the centers of risk, then the determination as to whether some corridors were riskier
than others is possible.

The first task in the construction of the forecast was to accurately assign PPAs to specific
locations on the GIS network and to characterize the network with respect to the most
“important” explanatory variables for PPA occurrence.

6.1 MODEL DEVELOPMENT

A regression analysis is generally used to understand how different factors describing a system
relate to one another. Since this analysis focused on the identifying locations where PTC-
preventable accident risk was significant enough to warrant implementation, the methodology
was designed to identify characteristics of various locations that may to contribute to risk.
Quantifying the contribution to risk of factors such as method of operation, speed limits, track
curvatures, the number of tracks and characteristics of the volume of passenger and freight traffic
on the network was used to develop a tool to distinguish between corridors based upon PTC-
preventable accident risk.

Models were estimated using a regression methodology that allows the dependent variable to be
the number of PPAs that occurred at a location. The independent variables used to understand the
frequency of these accidents were the total trains per year at the location, the curvature, switches,
number of tracks, type of control method, and speed at the location. Models were estimated for
all four PTC levels. Model results can be used to create an estimate for any location where there
is complete data on these independent variables provided the conditions represented by the
model remain the same.
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One of the most important components of the analysis is the input data. In this analysis, the
critical variables, namely, the selection of PPAs, the freight-flow data, and the passenger flow
data, were provided by the railroads and representatives of rail labor unions. Network variables
that describe track characteristics, control methods and speed, were collected from published
railroad descriptions, track charts, schedules, etc. Some PPAs occurred where frei ght or
passenger flow had not been provided by the railroad. However, the railroads did provide that
data on accident reports to the FRA at the time that those accidents occurred. In these cases,
track density reported by the railroads on the RAIRS report were used in the analysis.

6.2 ESTIMATION OF ACCIDENT CONSEQUENCES

As a best approximation of future risk, historical consequences of accidents can be used to
describe the likely consequences of future accidents. To enable a simple comparison among
corridors, a single unit with which to express risk was created by quantifying the historical
consequences of accidents in dollars, and using that historical experience as a predictor of future
accident risk. Dollars are used to express the government’s estimate of society’s willingness to
pay to avoid fatalities, injuries, track and equipment damages and evacuations, and the costs or
societal value assigned to emergency response, delays, and other effects of accidents.

6.3 MODEL SPECIFICATION

The PPA accident model was developed using a regression technique known as Poisson
regression that describes the relationship between location-specific factors and the occurrence of
PPAs. Poisson regression is used to estimate a model in a way that is similar to a linear
regression model in cases where the concern of the analysis can be described as an event or
collection of events (such as accidents). Most importantly, the analysis applies to events that
occur over time.

The events in this analysis are defined as the number of PPAs that have occurred in each location
during the eight-year analysis period. It is assumed that these events are Poisson-distributed, not
normally distributed, events. This means that tests of normality, as would apply to a normal or
Gaussian distribution, are not applicable to these events. Therefore, the estimation methodology
must reflect the underlying assumptions of the Poisson distribution.

The modeling objective is to design a function that provides a consistent estimate of the average
number of accidents per year. The model is constructed assuming that the average number of
occurrences per time period has both a random and a systematic component. Further, we assume
that the random component behaves in a manner that is consistent with a Poisson process and
that we can describe the systematic component of this process by identifying common factors
surrounding the accident occurrences. Since this analysis is focused on identifying locations that
have a potentially higher risk experience, this analysis has sought to describe the common
geographic factors to all accidents, based upon the best available data describing the locations at
which those accidents occurred.

The major feature of this model that is different from any standard linear model is that the
dependent variable is a discrete variable (i.e., the accident count per year). The independent

76



variables in this analysis, in a way similar to the linear regression counterpart, can be continuous,
discreet, or transformed variables (such as the natural log of a value). The explanatory variables
have been selected to allow us to identify how location-specific variables might have contributed
to the occurrence rate of PPAs, even though we are aware that some random component of this
process still exists.

6.4 REGRESSION TECHNIQUE

In order to make the notation clear, in this section we restrict all analysis (and related data) to a
given type of accident (whether PTC-related, grade-crossing, derailment, equipment failure, etc.)
and to a specific "segment” in the rail network. Because of its underlying "memoryless”
property, the time between accidents is often assumed to be a random variable T years) with
probability density function (pdf)

(D fp(th) = AeM,

the familiar "negative exponential density function.” The parameter A, the occurrence "rate" of
the accidents, has dimension [#/year].

As a consequence of equation (1), the number of accidents, N, in any time interval T (years) is a
random variable with Poisson probability mass function (pmf)

) pNOA,T) = [(WD)Vn!]e P

The use of equations (1) and (2) in some sense define the "accidentalness" of the phenomena
under investigation, since if these distributions were any different, it could be argued that the
events they describe are not, in fact, completely random but rather in some way predictable—and
therefore potentially preventable—occurrences. In other words, if equations (1) and (2) hold,
then intervention might be able to decrease A, the accident rate, but the times at which
subsequent accidents would occur would still be as "unpredictable.”

More important:

a) these distributions are completely specified when the value of A is known (or estimated);

b) the probability that no accident occurs on a link, in time period 7, is -- from equation (2):
pNOA,T) = e (= 1-At for At<<]) ;

c) the accident rate A, of a corridor made up of many segments can be represented by the sum of

the segment rates, and thus the number of corridor accidents in a time interval of length t is
Poisson with rate At.
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Regression assumptions

The problem at hand, then, is to relate the rate A to causal factors inherent in a segment (traffic
density, length, control method, etc.) so that we can "estimate" a value of A for any link, given its
factors. In particular, the assumption is made that A depends upon a set of r link factors,
expressed in terms of k non-negative variables, X15 X9, s Xk (below we discuss how the k

variable values x; -- traditionally called "independent variables" in the language of regression
analysis -- relate to a link's r factors).

Unless some previous modeling has suggested otherwise, there are many ways to present a
formal relation between A and the x;. For example, a linear regression approach might assume

that

3) A= 0g + 0X] + 09Xy + ... +ORX) = O+ZOLX;

where the sum is overi=1, 2, ..., k.

Or, a non-linear regression with interaction terms could also be posited, so that

(4) A= O(O + Z(x.ixi + ZZ(Xinin.

In this case the coefficients aq, 04 and O‘ij must be estimated (k2+k+l terms in all), which -- even

for reasonably small k -- often produces problems in data availability.

In any case, once a functional form (i.e., "model") for the dependence of A on the variables is
parametrically specified, (as, for example, in equation (3) or (4)) we can write:

(5) A =A(x[a)
where (using boldface to indicate a vector)
(6) X = (X1, X9, s X

@) a= (al, a7, ...., 8y); m = number of parameters in the model.
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Note that m=k+1 for the model of equation (3), and m=k2+k+1 in the model of equation (4).

Then, estimates of 4; (the component of the parameter m-vector &) can be made.

In particular, given a data set for W segments containing, for each link w (w=1,2, ... W):

¢ values of X,y» the variable vector for the wih Tink

* the number of accidents ny on link w in a period of length Ty;

standard maximum likelihood (or Bayesian) methods can be used to find & and the associated
confidence intervals. Using these, an estimate of a link's A can then be made, given its Xy Vvalues.

Note that it is not necessary, in this dataset, to:

a) restrict the accident data on a link to be either O or 1;

b) have the same exposure time t on each link.

For example, to obtain the vector of maximum likelihood estimates &, we find (using standard
statistical packages) the vector a that maximizes the likelihood function

(8) f(a) = Ily=1,w { PN(nw | AGxwla), 7)) }

The associated confidence intervals, etc. should also be available from the package.

Logarithmic transformation of A
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One difficulty with using equations (3) or (4) is the fact that the resulting estimation might
produce values such that, for some segments, the estimate of A becomes negative -- clearly an
undesirable effect. For this reason, an alternative to equation (3) is adopted: the natural
logarithm of A is assumed to be a linear additive function of the factors. Thus

9 In(A) = BO + lel + B2X2 + ... +kak = B0+Zf)ixi

or, equivalently

(10)  Alx|a)=exp{Bo+ZBix; } = exp(Bplexp(B1x)exp(Byxy) ... exp(Byxy)

X X X X
= appg 1% ay%2 ag*3 .. 2 XK

where

(11) a;=exp(B;) i=1, 2, ..., k; ay +1=exp(Bp)-

6.5 MODEL SELECTION

The process of model selection involves model estimation, validation, and re-estimation. In the
construction of the final model, eight regressions were estimated to reflect the different datasets
that result from the framework implied by the PTC preventable criteria. Accidents have been
rated as to their preventability by each of the four levels of PTC, and also the degree of their
preventability (either complete or partial). As a result, we are confronted with eight possible
datasets, four levels of PTC combined with the two degrees of preventability for each. To reflect
these differences a separate regression analysis was constructed for each dataset. Regressions
were estimated for all PTC preventable accidents, excluding grade crossing accidents, where the
dependent variable expressed the number of PTC preventable accidents weighted by exposure:

N/ (length (miles)) for each link;
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The exponential equation contains any of the variables that were selected by the forward
stepwise regression. The criteria for entry was significance at the 0.05 level. The procedure
continues to include variables, one at a time, until no other variables meet the criteria. Using only
derailments and collisions either with trains or roadway worker equipment, models were
estimated for all PTC accidents, using the control method as a variable in the regression. The
performance of the model was evaluated strictly on its ability to predict the correct number of
accidents in the dataset upon which it was estimated. Inclusion of additional explanatory
variables continued until the final model produced the best performance. The independent
variables reflect the frequency of accidents on any ROS segment, and the independent variables
were allowed to include any of the following: the natural log of the total number of trains on the
link (the sum of passenger and freight trains), the square of the natural log of the number of
trains on the link, a variable (equal to O or 1) for whether the total number of parallel tracks was
one or greater than one (multitrak), a variable equal to the total number of switches on the link
divided by the length of the ROS segment (switper), a variable indicating what the highest
maximum speed for the location was, a variable that indicated what percent of the length of the
link was under control method; Auto Train Stop, Cab Signaling, CTC, or Dark Territory, and a
variable indicating whether there were any curvatures recorded for the link.

One method of calibrating the PPA specific model was to first estimate the model on all
geographically located accidents. This was done looking specifically at collision and derailment
accidents independently. Models were estimated using these two datasets to understand which
variables were likely to have a significant explanatory value in predicting the accident rate, and
to understand the direction of their effects (either positive or negative).

Table 11 shows the results of these two regressions on 955 collisions and 6,742 derailments
respectively. The Chi-Square statistic of significance for each variable is shown in this table,
along with the significance value and the odds ratio.
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Table 11. Results of Logistic R

egression Analysis Using All Geolocated Collisions and
Derailments 1988-1997

ANALYSIS OF MAXIMUM LIKELIHOOD ESTIMATE 955 COLLISIONS

PARAMETER| STANDARD

VARIABLE ESTIMATE ERROR| CHI-SQUARE PR>CHISQ
INTERCEPT -13.6671 0.1743 6150.0426 <.0001
LOG2TURNS 0.0409 0.00255 258.2076| <.0001
MULTTRAK 0.8178 0.0797 105.1924 <.0001
PTRNRAT 0.7978 0.1350 34.9381 <.0001
SWITPER 0.0457 0.00618 54.8650) <.0001
ANYCURVE -0.3335 0.0687 23.5562 <.0001
ANALYSIS OF MAXIMUM LIKELIHOOD ESTIMATE 6742 DERAILMENTS

VARIABLE PASS%I‘B&I;EEEQ STAI::]I){};CR)JI:Q} CHI-SQUARE PR>CHISQ
INTERCEPT -12.9217 0.5531 545.8899 <.0001
LOGTRNS 0.4790 0.1372 12.1934 0.0005
LOG2TRNS -0.00180) 0.00841 0.0458 0.8306
MULTTRAK 0.5098 0.0303 282.9690) <.0001
PTRNRAT 0.2221 0.0639 12.0924 0.0005
SWITPER 0.0559 0.00324 297.5831 <.0001 ,
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PARAMETER STANDARD
VARIABLE ESTIMATE ERROR| CHI-SQUARE PR>CHISQ
CRVPMILE -0.0162 0.00567 8.1236 0.0044
ANYCURVE 0.1753 0.0258 46.0603 <.0001
LWA CURV 0.00309 0.000308 100.7694 <.0001
AUTOPCT -0.6565 0.0722 82.6099 <.0001
SGNLPCT -0.1812 0.0378 22.9857 <.0001

Using these models it is possible to construct forecasts of the predicted number of derailments
and collisions for each corridor described in the historical analysis. Successful models should be
able to predict the actual number of accidents that happened during the time period. Figures 14
and 15 illustrate the relationship between the predicted number of derailments and collisions and
the actual number of each on corridors during the 1988-1995 time period.

The trend lines in each graph show the general tendency of the models. Both models are
relatively successful at predicting the number of accidents when the total expected numbers are
in the lower range; underprediction is a problem in the derailment model in higher frequencies,
while overprediction is a problem for the collision model in the same ranges. These results are
for use as a comparative baseline for the PPA models only, and are not employed for any other
purpose in this study. However, they are helpful in identifying the likely variables that will be of
predictive value in the PPA models.
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7. RESULTS

The analysis sought to evaluate how all four different PTC levels might have affected risk on all
of the predefined corridors. Since some accidents were thought to be “completely” preventable,
and others had qualities that suggested that there was uncertainty as to their complete
preventability, it was desirable to reflect this in the analysis as well. Of the available options for
comparing these different accident categories, the most straightforward is to estimate the same
model on all datasets. Given four PTC levels and two types (preventable and “maybe
preventable”) as noted previously, eight regressions were required.

In each case, the model makes the best possible association of the independent variables with the
number of accidents that have occurred on each segment for which those variables have been
described. In this analysis there are 8,001 geographical segments that have been characterized
with respect to the important explanatory variables (train counts, speed, etc.). The model
provides an estimate of the number of accidents that may happen on each segment based upon
the accident experience for the entire network, and the similarities between the locations where
accidents have occurred.

These results must be interpreted as the collection of the most influential factors in the
determination of the occurrence of these PTC preventable accidents of those variables that were
included in the model.

Table 12 (Regression Results) shows the resulting parameters for each regression based upon
these datasets presented. In Column 1, the name of the variable appears. Column 2 refers to All
PTC preventable accidents (including maybes) at level 4. This is the largest dataset (678). The
regression parameters for variables that were significant in the stepwise regression can be read
looking down that column. Likewise each successive dataset appears in the following columns.
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7.1 MODEL VALIDATION

Several methods of evaluating the performance of all of the regression models have been
employed in this analysis. The primary method is by application of the Chi-square statistic for
the estimate of the significance of the models. These statistics are all significant at the p=.00001
level, and are the criteria by which the decision on the validity of the regression model is judged.
In addition, since the regression creates a predicted number of accidents for the estimation
period, another measure of its performance is its ability to recreate the number of accidents it
used as input. Table 13 lists the Chi-square statistics for each regression (including the relevant
number of degrees of freedom), the number of actual (input) PPAs used for the model; and the
predicted based upon the application of the model to the identical input data. In all cases the
model produced the same number of input accidents (within about 3.5 percent).

Table 13. Actual and Predicted PPAs for Each Model

Model Chi-Square Statistic Predicted PPAs based On
Actual PPAs Model Percent Difference

473.877 w TDF 766 744 2.8%
528.991 w/ 5 DF 539 521 3.34%
550.387 w/ 5 DF 485 468 3.5%
394.083 w/ 5 DF 389 380 231%
541.965 w/ 5 DF 557 542 2.7%
538.306 w/ 5 DF 506 492 2.77%
525.893 w/ 5 DF 462 446 3.46%
310.591 w/ 5 DF 310 302 2.58%

Average 2.9%

Correlation Tables

Comparing the predicted number of accidents to the actual number of PTC-preventable accidents
during the time period of estimation, and also comparing the predicted number of PTC-
preventable accidents to those that occurred in the years following the estimation period provide
a method of validating (a) the accuracy of the model and (b) its ability to provide a reliable
forecast. Table 14 shows the correlation of the actual number of accidents used in the estimation
period with the predicted number of accidents for each ROS segment in the analysis. In addition,
a correlation between the actual number of PTC preventable accidents during the 1996-1997
period and the predicted number are also shown. The table shows the predicted numbers based
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upon each of the 8 regression models described above, and compares the predicted to actual
numbers for each of those regressions (e.g., fewer accidents were included in PTC Level 3 than
in PTC Level 4, therefore the number of accidents in the correlation analyses are fewer).

Table 14. Correlation of Predicted and Actual PPAs 1988-1995 and 1996-97

PPAs | PTC4 | PTC3 PTC2 | PTCl |PTC4 |PTC3 PTC2 | PTCl1
96-97 | ALL | ALL ALL ALL | YES YES YES | YES
only
only only only
MA 0.174 | 0.4454 | 0.44 0.445 0.417 |0.4408 | 0.43624 | 0.4402 | 0.4205
PPA 96- 0.0411 | 0.02728 | 0.02813 | 0.0291 | 0.0411 | 0.0273 0.0281 | 0.0291
97

The best linear correlation between the actual number of PPAs on the ROS segments and the
predicted number is about 0.45. Correlations with the model based upon the 1988-1995 data and
the actual accidents in 1996 and 1997 were highly uncorrelated.

7.2 CORRELATION OF PREDICTED AND ACTUAL PPAS 1988-1995 ON CORRIDORS

The correlation statistics in Table 14 describe the performance of the regression model in
creating a forecast of the number of accidents per ROS that occurred historically. The model is
estimated at the ROS level and therefore the initial test of its reliability is also at that level.
However, the regression model is applied to the aggregate ROS data at the corridor level,
therefore an additional statistic, one which can describe the ability of the model to predict the
number of PPA accidents that will happen at the corridor level, is more useful. If the model is
successful the forecasts of the number of accidents on corridors (based upon the aggregated
forecasts from their ROS segments) should correlate with the historical frequency of accidents
on the corridor.

The Pearson Product Moment is the most commonly used statistic for describing the strength of
the linear relationship between two variables. The relationship between the actual and predicted
PPAs by corridor (illustrated in Figure 13) has a Person correlation coefficient of 0.695 at 0.0001
significance. This indicates the actual number of PPAs is predicted by the model at about 0.7
multiplied by the estimated number from the model.
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PREDICTED VS. ACTUAL PPAs PER CORRIDOR (1988-1995)
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Figure 13. Actual and Predicted PPAs by Corridor

The square of the Pearson Correlation Coefficient is coefficient of determination, which is the
percent reduction obtained in the total squared error in a regression model by using the
regression equation (instead of the average value of all of the data) to forecast the historical data.
Squaring the Pearson correlation coefficient provides an estimate of the coefficient of
determination for the model (although there is no constant in the simple model presented in this
illustration.

Since the relationship between predicted an actual is best approximated as an exponential figure
(see the trend line in Figure 13), and the correlation only measures linearity, it obscures the true
fit of the model to the given data. Taken in concert with the other two measures of model
performance, however, this statistic affirms that the model is relatively successful in predicting
the linear portion of accident frequencies on corridors.

7.3 MODEL VALIDATION USING THE NATURAL HISTOGRAM

This section describes a graphical technique, called the natural histogram, for evaluating the
performance of the Poisson regression model. This technique is a special case of monotone
regression. Let the number of accidents (of a given type) on a link be A; and the length of the
link be X;. Then the observed average number of accidents per mile on a collection of segments
is ZAi/ZX; where both summations are over segments in the given collection.

The natural histogram facilitates a comparison of observed accidents per mile vs. predicted

accidents per mile. It identifies collections of segments as those which belong to intervals in
predicted numbers of accidents and identifies these intervals to be such that:

89



1. The average number of accidents per mile on the segments in any interval is less than the
corresponding number on any interval with greater predicted number of accidents.

2, No interval can be disaggregated without losing property #1.

Observed vs. Predicted PPAs
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Figure 14. Natural Histogram Illustrating Observed Vs. Predicted Accidents 1988-1995
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Figure 15 exhibits a natural histogram representation of actual average numbers of accidents per
mile versus predicted numbers. The actual averages are the observed number of accidents in an
interval divided by the total length of track in the interval. The interval in each case contains just
those segments, which have predicted numbers of accidents per mile in a given range. For each
observed value there are two predicted values, the “high” value and the “low” value (i.e., the
predicted value at either end of the interval). Alternatively, one can take there to be a high and
low observed value for each predicted value. If the observed value were to lie between the upper
and lower predicted values in each case an excellent fit would be indicated. If the predicted high
and low values tend to differ from each other by about as much as they differ from the observed
(as appears to be the case here), then we might say there is no obviously significant difference.

Observed vs. Predicted Values 1996-1997 Data
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Figure 15. Natural Histogram for 1996-1997 Data and Predicted Accidents

Figure 14. Natural Histogram Ilustrating Observed Vs. Predicted Accidents 1988-1995 shows
satisfactory agreement between observed and predicted. When the predicted number of accidents
per mile ranges from about .003 to about .02 it appears that actual and predicted agree as well as
could be expected given the statistical character of the data. When the predicted number of
accidents is greater than .02 it appears that the observed is greater than the predicted but the
difference is not statistically significant. This can be demonstrated using a Chi-square test. The
predicted and observed numbers of accidents on segments with predicted accidents rates below
and above .02 per mile are shown in the following table.
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An alternative method of considering the corridor rankings presented in Table 18 is to first
classify corridors according to their distinguishing characteristics, for instance, total train volume
and miles, and then sort those corridors by category to compare similar corridors.

Based upon a comparison of the predicted dollar benefits per train-mile and the total corridor
train-miles (see Figure 17), the choice of corridors for further investigation for PTC
implementation may be recommended. Clearly, investment in PTC on very low volume corridors
may have a very high return per train-mile, but the cost per train-mile is likely to be prohibitively
high. This means that implementation of PTC on these corridors would be an unlikely initial
choice for most railroads. Instead, the likely choice for implementation of PTC is a rail corridor
(or corridors) that both enjoy high traffic volume and exhibit high risk, i.e., corridors that have
about average train-miles and above average expected dollar benefits per train-mile. These
corridors are found in the top 50 (in Figure 17) with above average values for total corridor train-
miles. Corridors # 24, 153, 4108, 5,59, 106 and 48 fall into both the high rank and high train-
mile categories.

Corridor Rankings Compared to Exposure for All Corridors
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Figure 17. Comparison Corridor Train-Miles and $’s Per Train-Mile Rank
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8. CONCLUSIONS

The point of this analysis was first to determine whether there was a methodology that could
distinguish among geographic locations based upon risk. The objectives were to develop a
comprehensive model of the rail network, including accidents, rail and operational features, and
population characteristics. Using that platform it was the further mission of this analysis to use it
to identify potentially fruitful locations for PTC system deployment.

The model was developed to enhance the policy maker’s ability to compare and contrast the risks
posed by accidents (both those that are PTC preventable and others) and to create an estimate of
the potential benefit of implementation of various policies. Since the model has no economic or
logistical component, it is not a complete planning tool - i.e., it can only act as a pointer to
locations that may potentially benefit. Further analyses will be required to develop a true
estimate of the net benefits of PTC implementation.

The analysis shows that we are able to make geographically based risk distinctions, and it allows
us to compare extremely different localities because of our application of a uniform exposure
measure — train-miles. Further refinements of this exposure measure (such as night or daytime
train-miles, grade crossings per mile, etc.) will enhance our understanding of risk at each
location.

In addition, the analysis pointed out that of the corridors studied the highest predictor of risk was
the volume of traffic (as expressed by the log squared of the total trains per year). The train
control method was less important in prediction of the accidents of interest in this dataset than
other factors.

It is interesting to note that since we have a snapshot it is difficult to understand some of the
parameters. It is counterintuitive to think that accidents decrease with speed limit increases as
suggested by the parameter on length weight average speed. However, we might reverse the
description of this variable and say that we have imposed lower speed limits where accident risk
is higher; if we had the luxury of looking at a time-series model we would notice that speed limit
changes have taken place over time where risk factors were present. This highlights one of the
limitations of the model in that it is not a time-series model and cannot account for trends.

Whatever its limitations, the model and its results should be taken as an input into the complex
decision making process required to evaluate the myriad of PTC technologies and potential
strategies for implementation. It is possible to adapt the tool to the individual needs of analysts
and decision makers as they ask deeper and more specific questions regarding alternative
technological innovations.

Further research might help draw out the analytical distinctions and inform policy discussions
regarding differences between freight and passenger trains in both the historical accident data
and the estimates of PTC preventable accidents. This research would clarify at least the
following three distinguishing characteristics between freight and passenger train circumstances
in the context of PPAs: 1) passenger and freight trains operate differently with respect to speeds,
programmed stops, and service braking characteristics; 2) passenger trains are more likely to be
concentrated on highly maintained and multiple track, and on lines with cab signals; and 3)
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passenger train accident consequences are sometimes greater because of injuries and casualties to
passengers (in addition to train crews and/or bystanders). Implications of these differences could
be analyzed in the historical information and reflected in estimates of future PTC economics.
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Appendix A - Surface Transportation Board’s (Formerly Interstate Commerce
Commission)/FRA’s Freight Commodity Waybill Sample

The Surface Transportation Board’s (STB) (formerly the Interstate Commerce Commission)
waybill sample is the only statistically valid data base for industry-wide rail traffic patterns and
flows making it a highly sought and unique source of data for preparing rail analyses. The
waybill sample identifies originating and terminating freight stations, the names of all railroads
participating in the movement, the point of all railroad interchanges, the number of cars, the car
types, the movement weight in tons, the commodity and the freight revenue. There are many
users of these data; among them is the FRA, which publishes an annual report, Territorial
Distribution (TD1), which aggregates waybill sample data to show commodity distribution in the
United States.

The names of the shipper and consignee are not included in the data and are not included in the
overall analyses for this study. However, other data in the sample such as the origin and
destination Freight Station Accounting Code (FSAC) may permit the identification of a shipper
and consignee. Thus, the data in this raw form can disclose each railroad's significant customers
and also the rate (including confidential contract rates) at which it transports the traffic.

Since all hazardous material 7-digit Standard Transportation Commodity Code (STCC) are
"tagged" with the two digit "49" code, it is possible to identify all hazardous material waybill
shipments. Because the waybill sample is considered to be a representative sample of all rail
shipments, it is permissible to "project” the sample data to obtain an estimate of all hazardous
material shipment terminations and the railroads handling these shipments in the United States.

Using this database, an estimate of volume provided by the sample of waybills was attached to
the database. The FRA 2 million link direction was used to correctly assign the directional flows
(west to east or east to west). The result of this process is that each link has an estimate of total
freight volume and cars, and a measure of the total volume that was hazardous materials, by
certain classes. The direction of the flow was also calculated.

5.2.1 Waybill Sampling Rate and Inflation Factors

The Code of Federal Regulation 49 C.F.R. § 1244 requires that railroads submit waybill sample
information to the STB if, in any of the 3 proceeding years, they terminated on their lines at
least:

4,500 revenue carloads, or
5 percent of the revenue carloads in any one state.

These railroads may file waybill sample information by using either: (1) authenticated copies of
a sample of audited revenue waybills (the manual system), or (2) a computer tape containing
specified information from a sample of waybills (the computerized system) Code 49 C.F.R. §
1244.2 (f) states: "In order to determine the number of carloads terminated in each state,
railroads not otherwise submitting waybill information must report annually the number of
carloads terminated by state for the last calendar year. These reports shall be submitted by March
I of the year following the report year." (This requirement suggests that all railroads report the
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number of carloads terminating by state). Prior to 1990 many railroad still reported data in
hardcopy form. However, currently nearly all reporting railroads submit their data in an
electronic form (as illustrated in Table 5). Since sampling rates vary depending upon the number
of loads reported per waybill, different inflation factors are required to convert waybill sample
data into estimated total flows for each carload per waybill substrata. These factors are also
reported in Table 6. Inflated data are provided with the processed waybill flows for each year,
and are the data used for the flows on the Volpe 1:100k database.

Table 18. Waybill Sampling and Inflation Rates

CARLOADS PER Sampling Rate
WAYBILL :
MRI* 1-2 1/40
MRI 3-15 1/12
MRI 16 - 60 1/4
MRI 61-100 1/3
MRI >100 1/2
Hardcopy 1-5 1/100
Hardcopy 6-25 1/10
Hardcopy >25 1/5

*Total Hardcopy waybills = 4282 Total MRI waybills = 494054, 99.14% of the sample is
submitted in Machine Readable Input (MRI)

110




Appendix B — Economic Benefits Assignment Method
Economics of Positive Train Control

No cogent public policy regarding Positive Train Control can be formulated until we know what
the tradeoffs are. What benefits will PTC gain for us, and what will these benefits cost? The
Implementation Task Force needed to review studies, such as the Corridor Risk Assessment
Model, regarding where PTC may be needed. The Implementation Task Force has also heard
competing theories regarding what business benefits may be derived from PTC. To resolve these
issues, the Implementation Task Force assembled an Economics Team, and empowered them to
study these issues and make consensus recommendations.

The Economics Team included members of management, labor, commuter railroads, and FRA. It
was fortunate that one member of management, one representative of labor, and one
representative of FRA on the Economics Team had been members of the Accident Review
Team, which earlier had analyzed accident reports to determine which accidents were PTC-
preventable.

PTC Benefits: Accidents Costs Avoided

The Team’s first task was to assign costs to the accidents designated as PTC-preventable by the
Accident Review Team. These costs were to be used as inputs for the Corridor Risk Assessment
Model. The Corridor Risk Assessment Model measures the likelihood of certain occurrences,
using a probabilistic model. It then assigns costs to these consequences in order to distinguish
and prioritize among corridors. It may also be possible to estimate the expected consequences of
these occurrences in a model using consequences as a dependent variable. In order to use either
model we need to know the unit costs of various occurrences, such as fatalities, injuries, property
damage, and evacuations, the avoidance of which provides the direct safety benefits of PTC. It is
desirable to estimate other costs, but the FRA accident report does not contain data on them. An
example of such a cost is environmental clean up. The Economics Team tried to limit the data on
which its estimates relied to data on the Accident Reports, or otherwise in the CRAM database.
The Economics Team was able to fashion several such estimates, and to provide some thought
on others.

Fatalities

The first element on which the Economics Team reached consensus was on the willingness-to-
pay to avoid a fatality, which the Team estimated at $2,700,000 per fatality. This number
represents what society has been shown to be willing to pay for safety devices which will in the
future avoid a fatality, and is a standard number used by all DOT agencies.

Injuries

The Economics Team also agreed to accept a value of $100,000 per employee injury avoided due
to train accidents. The team considered the Accidental Injury Severity (AIS) scale, which DOT
uses for comparisons of injury costs. This would imply an average injury on the low side of the
interval between moderate and severe injuries, and uses a round number. There isn’t much
precision in this estimate.
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Data from four commuter railroads indicates that their average payout per injury claim was about
$35,000. This represents settlements and judgments. While the judgments probably reflect loss
per claimant where the railroad was found liable for the injury to the claimant, there may have
been injuries where the claimant was not successful. The settlements reflect the expected value
of suits had they gone to trial, and reflect a reduction from the actual claim, which is the risk that
a claimant might lose were the case to go to judgment. From an economic standpoint that is
liable for an injury is not relevant to the question of the societal loss caused by an injury. Further,
the loss to society also includes the costs of administering and pursuing claims. Thus the fees
paid to claimants’ attorneys, and the costs of defending and administering claims are also
societal costs of an accident. If the average claimant received $35,000 it is not unreasonable to
assume that the societal cost of an average passenger injury in real economic terms was roughly
50% greater, or about $55,000, a figure accepted as a consensus estimate by the Economics
Team.

Equipment Damage

The Economics Team attempted to distinguish between the costs of equipment damage reported
on the accident report and the actual loss to society of that damage. The Federal Railroad Safety
Regulations require that the railroads report the depreciated book value of the equipment
damaged if the equipment is destroyed. Otherwise, the railroads must report the estimated costs
of repairs. The depreciated book value can be a poor estimate of the societal value of a car. A
much better estimate is provided by concepts such as Economic Limit of Repair (ELOR).

Several major freight railroads utilize a concept and methodology called Economic Limit of
Repair (ELOR) or Maximum Allowable Expenditure for Repair (MAER) to determine the value
of existing equipment, particularly equipment being considered for repair or upgrade. Where
estimated repair costs exceed the ELOR or MAER, the equipment is typically scrapped or placed
in a heavy bad order status rather than repaired. The ELOR methodology typically considers
contribution to revenue, replacement cost, salvage value, service life, repair life, and repair cost.

FRA incident reporting requirements dictate that equipment damage costs be the repair estimates
for damaged cars to be repaired and depreciated book value for destroyed cars. However, the
PTC Economic Team agrees that the ELOR or MAER values provide a more appropriate and
accurate estimate of the pre-accident economic value of destroyed equipment than does the
depreciated book value. Some railroads cooperated with the Economics Team to develop an
analysis comparing the actual repair costs to the FRA reported values for repaired cars and
MAER values to FRA reported values for destroyed cars. The study showed that the MAER
values were very close, on the average, to the equipment damage numbers reported to FRA.
There were some numbers much higher or lower, but the high and low values appear to offset
each other, so the Team agreed to accept the value reported to FRA as the best estimate of actual
damage.

The Economics Team also could not discern a difference between the reported costs of damage
to passenger equipment and the societal cost of the damage. The Team agreed that the best

estimator of passenger equipment damage is the reported damage. Passenger equipment is often
insured for replacement value, so sometimes damaged equipment is over reported as the cost of
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replacement equipment. Other times the equipment is reported as the depreciated value of the
equipment. There just does not seem to be a pattern that would enable us to use a scaling factor.

Track and Right-of Way Damage

It appears that actual damage reported for track and right-of-way damage is fairly accurate, and
reflects societal costs. It may be underreported in some cases, but in other cases it may be over
reported as older track and right-of-way may be repaired to better than pre-accident condition.
This appears to the Economics Team to balance out over time, and not to be correlated with any
reported characteristics. For purposes of this study the Economics Team agrees to use the
reported damage to track and wayside.

Damage Off the Right-of-Way

Some damage may occur to property not on the right-of-way, for example when an over speed
train derails, damaging a building owned by someone other than the railroad. The Economics
Team estimated this damage at $2,000 per PTC-preventable accident.'® Such damage is rare, and
cannot easily be attributed to an accident based on any characteristics reported on the accident
report form.

Hazardous Materials Cleanup

If an accident involves a release of hazardous materials, there may be a cost to clean up the
hazardous material and remediate (restore) the environment. Based on data from actual
settlements and judgments the Economics Team estimated the cost of cleanup and remediation at
$250,000 per hazardous material car releasing. The Team considered using a single cost per
incident in which hazardous material was released, but thought that it would be at least as good
to base the estimated cost on cars releasing to provide some measure of the severity of the
accident. This measure is still far from perfect, as some accidents involving single car releases
may have resulted in far more costly clean-ups than some multi-car releases, yet it is the best
measure the Team could agree upon.

Evacuations

Accidents may lead to evacuations, either because of real or perceived threats to safety from
hazardous materials. The Team estimated the societal cost of an evacuation from data on 77
evacuations on which we had data on the duration of an evacuation. These accidents were not
necessarily PTC preventable (most were not) and occurred between 1993 and 1997. We
estimated the value of time at $11.70 per hour, plus 30%, or $15.21 per hour. We added 30% to
reflect the involuntary nature of the costs imposed. Unfortunately, one accident, at Weyauwega,
Wisconsin, on March 4, 1996, dominated the costs. The Weyauwega evacuation lasted 426
hours, while the next longest lasted 43 hours. The average cost per evacuation was $986 with the
Weyauwega evacuation, and $267 without. The Weyauwega evacuation was clearly an outlier,

" Yard and highway-rail grade crossing accidents are excluded from any definition of PTC
preventable accident considered here.
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but nevertheless relevant, so the Economics Team compromised on an estimate of $500 per
evacuation.

Loss of Lading

If there is an accident involving a loaded freight car, there may be a loss to society as a result of
loss or damage to lading. In this case railroad payments to shippers are probably very close to the
societal cost of lading loss and damage, which based on AAR data is roughly $6,500 per loaded
freight car derailed, a figure the Team agreed upon.

Wreck Clearing

If locomotives or cars are derailed or destroyed, the railroad would need to remove them from
the right of way. This cost includes the cost of mobilizing a crane or rerailing equipment to the
accident site and the cost of employing that equipment. The Team estimated that the cost of
mobilizing equipment to an accident site is $2,500 per incident where cars or locomotives are
derailed. Once the equipment is there the Team estimated that it would cost $750 to rerail, wreck
or transport a freight locomotive that had derailed, and $300 to rerail, wreck or transport a
derailed freight car.

Rerailing passenger equipment can be far more costly. The equipment is more expensive, and
may be less robust than freight equipment. It needs to be handled with more care. The sites of
passenger accidents are more likely to be in urban areas where the right of way is constrained, as
in tunnels and sunken routes under streets. Further, the NTSB is far more likely to investigate a
passenger train accident, so there may be significant costs while the rerailing/wrecking
equipment sits near the accident site, awaiting NTSB’s permission to clear the accident. Four
commuter railroads’ data suggests that the cost per incident of clearing equipment is roughly
$75,000 per accident in which passenger cars or locomotives are derailed. The Team agrees with
this estimate.

Delays

If a train is derailed it will block the track it is on, and may block adjacent tracks. The Team
estimated that the average blockage would last two hours, so if the average affected freight train
arrived randomly, the average train delay would be one hour, for freight trains, and fifteen
minutes for passenger trains, which are likely to be switched around a delay, and would affect
the trains that would pass over an average segment of rail in two hours. The Team estimated the
average cost per hour of freight train delay at $250 per hour. Thus the estimated cost of a delay
would be freight trains per day divided by twelve (the expected number of trains in two hours),
times one (the average expected delay) times the cost per hour of a delay ($250).

The Team estimated the cost of passenger train delays, based on 285 passengers per train (a
national average), an average duration of blockage of 2 hours (which implies passenger trains per
day/12 are affected), an average per train delay of 15 minutes, and an average value of passenger
time of $25 per hour. This relatively high per hour value of time is related to the income of train
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passengers. Many commuter lines have average passenger household incomes in excess of
$75,000 per year. This works out to $148.44 times passenger trains per day.
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