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PREFACE

In recent years, there has been growing interest in implementing high-speed rail servicein the United
States. Because of the high cost of dedicated new lines, recent devel opments have focussed on
providing higher speed passenger service on existing freight railroad corridors through incremental
infrastructureimprovements. The Intermodal Surface Transportation Efficiency Act (ISTEA) of 1991
encouraged such development by making funds availablefor improvements on selected corridors.

However, operating higher speed passenger trainsin afreight railroad comdor raisesa number of
questionsof feasibility and safety. To address these questions, this report provides discussion and
analysison the operational feasibility of shared freight and passenger operations, and an analysis of
safety performanceof shared corridors. The study which led to the report is part of a comprehensive
effort by the Federal Railroad Administration(FRA) to develop technical informationon high-speed
rail operations and safety issues necessary to support the regulation of high-speedrail safety and rail
service planning activities.

Thereport was prepared by Arthur D. Little, Inc., together with Parsons Brinckerhoff Quade and
Douglas, Inc., as subcontractor to Arthur D. Little, under Contract Number DTS-57-93-D-00036 with
the John A. Volpe National Transportation Systems Center. The Federal Railroad Administration
Officeof Researchand Development was the sponsor of the study.

The authorswish to expresstheir appreciation to thefollowing personsfor their contributionsto this
project: at Parsons Brinckerhoff Quadeand Douglas, John Harrison, Herbert Landow (for computer
modelling) and Delaye Gabridl (for signalling information); at Arthur D. Little, Samuel Schiff and
John Lynch (for assistance with the safety analysis); and James Lamond and Robert Dorer (Volpe
National Transportation Systems Center), together with Arne Bang, Manuel Galdo, William
Goodman, Robert Hunter, and Philip Olekszyk (Federal Railroad Administration) for support
throughout the study, and hel pful commentson draft versionsof this report.
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EXECUTIVE SUMMARY

In recent years, there has been growing interest in the United Statesin high-speed rail as a means of
providing high quality public transportation service in intercity corridorsof between 250 and 650 km
(150 and 400 miles) in length. Because of the high cost of building dedicated new lines, recent
interest has focussed on reducingjourney times through incremental improvement to existingrail
linesin key corridors.

To encourage theincremental approach to high speed rail service, Section 1010 of the Intermodal
Surface Transportation Efficiency Act ISTEA) created a process by which states could apply to the
Secretary of Transportation for designation of high-speed corridorswherethey desireto makeor
continueto make incremental improvementsin intercity rail passenger services. After designation
under Section 1010, a corridor becomeseligible to receive Federal grantsfor grade crossing
improvement or elimination, and other purposes.

Five corridors have been designated under Section 1010 of ISTEA:

The Southeast corridor between Washington, DC, to Charlotte, NC
» TheFloridacorridor connecting Miami, Orlando, and Tampa
« TheCdliforniacorridor, connecting San Diego, LosAngeles, the Bay area, and Sacramento.

» ThePacific Northwest Corridor, between Eugene and Portland, OR, through Sesttle, WA, to
Vancouver, BC

» A group of corridors centered on Chicago, IL, connecting that city with St. Louis, MO; Detroit,
MI; and Milwaukee, WI

In addition to the Section 1010 corridors, there isa continuing interest in incremental improvements
to rail passenger servicein two other intercity rail corridors:

»  TheEmpirecorridor from New Y ork through Albany to Buffalo, NY
» TheNortheast corridor from Boston, MA, through New Y ork to Washington, DC

The purposeof thisstudy is to examine some of the operationsand technical issueslikely to be
encounteredwhen attempting to introduce high-speed passenger service on corridorsthat presently
carry freight or commuter service. More specifically, the study reviewsthe capabilitiesof the
principal typesof signal and train control systems and examinesthe rel ationshi psbetween these
systemsand the capacity of arail lineto accommodate different mixes of freight and passenger trains.
In addition, the study providesan analysis of the safety performanceachieved with present long-
distancerail service, and safety improvementsthat may be needed to maintain adequate safety
performancewhen higher-speed trains are introduced on an existing corridor. In the context of this
study, the maximum speeds of interest are those that would be achievable on existing alignments,
between 145 and 240 km/h (90 and 150 mph).
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The study first reviewsthe characteristicsof the designated ISTEA Section 1010 corridorslisted
above and identifiestypical operationsand infrastructurefeatures.

These featuresare used to define a hypothetical corridor to be used for a parametric analysisof route
capacity. Three cases having different operationsand infrastructurecharacteristicswere defined:

* Case A: Singletrack with passing sidingsevery 32 km (20 miles), presently carrying 6 daytime
freight trains.

* Case B Doubletrack with Automatic Block Signalling (ABS) and interlockingsevery 24 km (15
miles), also carrying 6 daytime freight trains.

* Case C: Doubletrack with Centralized Traffic Control (CTC) and interlockings every 16 km (10
miles), carrying up to 12 daytimefreight trains.

Inall cases, existing passenger train speedsare typicaly 130 kmv/h (79 mph) and there are numerous
rail-highway grade crossings.

The capabilitiesof signal and train control systems and the interaction with the braking performance
of passenger and freight trainsare a primary factor in the ability of an existing line to accommodate
higher speed passenger service. A review of these systems concluded that most existing ABS and
CTCinstallationsare adequate for passenger train speedsup to 130 km/h (79 mph). For higher
speeds, the addition of automatic train control (ATC) or an equivalent system is mandatory under
FRA regulations, and longer blocks or more signal aspectsare required to accommodate the longer
braking distances needed at higher speeds. Order-of-magnitudecost estimatesfor these signal and
train control upgradesare provided in the report. Where speedsat the higher end of the range are
under consideration, over 200 knvh (125 mph), it islikely that more advanced ATC systemswill be
required to provide positive speed control of all trainsand enforce civil speed restrictions.

Present safety performanceof long-distance passenger trainsoperating over predominantly freight
railroad tracks was estimated from the data contained in the FRA’s railroad accident/incident
reporting system (RAIRS). Accident frequenciesexpressed as the expected number of trainsin
accidents per million train miles were calculatedfor three principal accident types. collisions between
trains, derailments, and collisions with obstructions. Thefrequency of collisionsat rail-highway
grade crossings was quantified separately as the number of collisions per million crossing passes.

The resultsof these calculationsare:

Accident Scenario 1, Train-to-train collisions 0.043 per 10° train-km
Accident Scenario 2, Collisionswith obstructions 0.147 per 10° train-km
Accident Scenario 3, Deraillments 0.168 per 10° train-km
Accident Scenario 4, Grade crossing collision 0.91 per 10° crossing passes

Estimates of accident severity (damage and casualties) by accident type are aso given in the report.
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The F RA has stated that a higher speed rail passenger service should be at least as safe as present
services. Thus, actionsto reduce the frequency or severity of accidents must be taken to offset any
adverse effectsof higher speed. The principal adverse affect isthe increasing severity of accidents
with increasing speed. Also, depending on the detailsof high-speedtrain design and operation, there
may be an increased frequency of some typesof accidents, for example, due to a passenger train
colliding with a defectiveor derailed freight train.

Estimates have been made of the beneficial impact of a number of accident prevention measures,
including upgrades of signal and train control systems, track improvements, and various inspection
and hazard detectionimprovements. The basdlinefor the estimatesisa line with track meeting F RA
track class4 standards, and with ABS or CTC signalling but without train control. The results show
that safety improvementsof the general magnitude needed for operation at speeds between 175 and
240 km/h (110 and 150 mph) are achievableif the mgjority of the improvementsanalyzed are
implemented in parallel.

The introduction of additional higher-speed passenger trains onto an existing freight corridor raises
critical questionsregarding the capacity of the corridor to support both freight and passenger services
without causing unacceptabledelaysto either typeof traffic. To investigate thisissue, a computer
model wasused to simulaterail operationswith different mixesof freight and passenger service on
the three hypothetical corridor cases described above.

The results for each corridor case can be summarized as follows:

» Thesingletrack line with passing sidings (CaseA) can barely support atwo-hourly, 145 km/h (90
mph) passenger train servicein each direction. Increasing the number of passenger or freight
trains producesincreasing delays, and additional or longer sidingswould be needed for a
satisfactory operation.

» Thedoubletrack line with ABS (Case B) can support hourly passenger servicein each direction
at speeds up to 175 km/h (110 mph) and 6 daytimefreight trains, but the freight train delays
averageover an hour for the 500-km (310 mile) journey and are of marginal acceptability.

The doubletrack line with CTC (Case C) can support hourly passenger servicein each direction
at any speed up to 240 km/h (150 mph) and 6 daytime freight trains with very minor delays.
Additional trainscould probably be accommodated with appropriatescheduling. Interestingly,
delaysdeclined as speed increased, probably because of reducing track occupancy time by the
passenger trains.

Theresultsof this study provide a preliminary indication of the capacity of afreight corridor to
support higher speed passenger serviceand the typesof investment likely to be needed to ensure
safety and efficient operation. Site-specificanalyses, together with appropriate organization and
economic and environmental studies, will be needed to fully evaluatean actual corridor.
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1. INTRODUCTION

1.1 BACKGROUND

Upgrading speeds on existing rail lines rather than building new, special-purposevery high-speed
linesisknown asincremental improvement. Interest in thissubject is high with the 1991 passage of
the Intermodal Surface Transportation Efficiency Act (ISTEA) [Ref. 1].

Section 1010 of ISTEA created a program whereby states could apply to the Secretary of
Transportationfor designationof high-speed corridorswhere they desire to make or continue
incremental improvementsin rail passenger service. Upon designationof the corridors, the applicant
states become eligibleto receivefederal grantsfor grade crossing separation structures, for
improvement of grade crossing warning systems, or other means of reducing hazards at grade
Ccrossings.

Many states have expressed interest in the incremental improvement of rail passenger services within
their regions, and a number of studies have been performed of the feasibility of such improvements.

1.2 OBJECTIVE

The purpose of thisreport is to examine the operational and technical issueslikely to be encountered
when attempting to introduce high-speed passenger trainsonto existing rail lines that support rail
freight service and/or commuter rail service. In this context, high-speed does not refer to the 255-
320 km/h (160-200 mph) (very high speed) trains such asthe TGV or I CE, which would require their
own specialized railroad infrastructure to operateon, but rather refersto speedsof 145-240 km/h (90
to 150 mph). Some analysts prefer to think of these as higher-speed trains rather than true high-
speed trains. In any case, the chief differentiatingfactor isthat the 145-240 km/h (90-150 mph)
speed regime can often (but by no meansalways) be achieved within the confines of existing U.S.
railroad rights-of-way, while the very high-speed trainsamost alwaysrequire both their own
dedicated tracksand an alignment that has significantly less curvature than typical U.S. railroads, or
evenrelatively highly developed lineslikethe Northeast Corridor line between Boston, MA, and
Washington, DC.

Itisafurther objectivethat this report expand and update an earlier report on asimilar subject
prepared in 1975 for Federal Railroad Administration(FRA) [Ref. 2]. Thisand other reports
referenced herein can be consultedfor further information.

An additional objectiveof thiseffort isto illustrate the impact of mixed passenger-freight traffic on
railroad operationsin a hypothetical corridor having characteristicssimilar to some of the Section
1010 corridors.

1.3 CONTENTS
The remaining eight chaptersof thisreport cover the following subject matter:

Chapter 2 introducesthe Section 1010 corridorsand describes their characteristics, particularly from
the standpoint of factorsinfluencingrailroad operations. From observationsconcerning the 1010
corridors, several hypothetical railroad corridorsare introduced.
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Chapter 3 discussesthe importanceof braking in safe railroad operations, and the evolution of
blocking asa meansof providingfor safe operations. Variousblock systemsand block signal systems
aredescribed. A descriptionof basic railroad track circuitsis provided aswell as a discussion of
exigting U.S. regulations concerning block signal systems. Foreign approaches are al so discussed,
aong with implicationsfor incremental corridor devel opment.

Chapter 4 dealswith systemsfor supplementing atrain operator'sability to regulate safely the speed
of atrain. Thesystemsin useinthe U.S. are described within their historical context, and within the
exigting regulatory context. Foreignand advanced train control approachesare also discussed,
together with implicationsfor incremental corridor development and conceptual cost estimates.

Chapter 5 presentsa safety analysisof passenger trainsin freight railroad corridors. The general
methodology is described, and six accident scenarios are proposed. Existing data on railway
accidentsis presented and analyzed within the context of the six accident scenarios.

Chapter 6 devel opsthe consequencesof increasing speeds on railway safety and proposes methods of
preventing railway accidentsin each of the six scenarios. An approach is presented to quantify the
effectivenessof these prevention measures, and summaries are devel oped to show the net effect for
theimproved system.

Chapter 7 examinesthe issuesof headway and capacity of arail line. A simplified, micro-computer-
based, stringlinemodd is presented which can be utilized toillustrate and resolve the conflicts
resulting from passenger-freighttrain interference. The model is used to illustrate the performance
impactson three hypothetical corridorsfrom a number of different operations scenarios.

Chapter 8 presentsa generalized Corridor Planning Methodology as a guide to undertakingan
incremental improvement program in an existing railroad corridor. A planning processfor such
improvementsi s described, and the required engineering, operations, financial, and other studies
required are outlined.

An Appendix containsdata sheets summarizing availableinformationon the 1010 corridorsand
related lines.
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2. OPERATIONS CHARACTERISTICS

21 THE"1010" CORRIDORS

Section 1010 of ISTEA directed that $30 million be provided over six years for the elimination of
highway-railroad grade crossings in no more than fiverail corridors selected by the Secretary of
Trangportation. It requiresthat these corridorsinclude rail lines where speeds of at least 145 km/h (90.
mph) can be expected.

In 1992 the Department of Transportation (DOT) selected five corridorsas eligible for the Section
1010 funding. The Department noted that two corridors— the Northeast Corridor (NEC) mainline
and the New York State Empire Corridor — already were high speed corridors. Thesetwo existing
corridorsare not eligiblefor Section 1010 funding.

A brief narrativedescription of thefive designated corridors, and the Empire and Northeast corridors,
is presented below. (Unlessnoted otherwise, corridors are equipped with an automatic block signal
(ABS) system, and no train control system isin use.) Further details are contained in the individual
corridor route data sheetsin the Appendix. A map of the 1010 corridorsis shown in Figure 2-1.

2.1.1 Southeast Corridor

The Southeast corridor is presently the subject of aregional study of market demand. Applications
were received from both Virginia(Washington, DC to Richmond, VA) and from North Carolina
(Raleigh to Charlotte, NC) and it is these segments which are described here. The overall corridor
designated is Washingtonto Charlotte via Richmond and Raleigh, with the Richmond-Raleigh
alignment not defined at present.

The Washingtonto Richmond segment is 170 km (108 miles) long, doubletrack, has limited
curvature, and is presently cab-signal equipped. Passenger and commuter trains operateat up to 110
km/h (70 mph) today, with significant freight traffic at speeds of 65 - 95 km/h (40 to 60 mph).

The Raleigh to Charlotte segment is 275 km (173 miles) long, mostly single track, and has significant
curvature. The portion of the railroad from Cary to Greensboro, NC is"'dark™ territory (has no block
signal system installed) and has Arntrak 403(b) trainsoperating at 95 km/h (59 mph). The
Greensboro-Charlottesegment has particularly heavy freight operations.

2.1.2 FElorida Corridor

The overal Florida Corridor being devel oped by FloridaDepartment of Transportation extendsfrom
Miami to Orlando and Tampa. The exact route alignmentsare still under study. The Section 1010
application focused on improvementsin the Miami to West Palm Beach segment wherethe alignment
isfixed. Itisthissegment that isdescribed here and inthe Appendix. Thissegment is115km (71
miles) long, single track, has limited curvature, and a centralized traffic control (CTC) system
installed. Passenger and new Tri-Rail commuter trains between Miami and Fort Lauderdal eoperate
at 125 kmv/h (79 mph). Limited freight service operates primarily in the nighttime hours. A funded
program is now underway to double track approximately 35 percent of the line and install cab signals
throughout.
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2.1.3 California Corridor

The CaliforniaCorridor, as presented by Caltrans, consistsof the Los Angeles-San Diego (LOSSAN)
and Los Angeles-Bay Area/Sacramento (LOSBAYS) sub-corridors. Theoveral routeis 780 km (487
miles) long (excluding extensive bus connections, including between LosAngelesand Bakersfield),
primarily singletrack, relatively light curvature, and a combination of ABS and CTC. Passenger and
proposed commuter services operateon the LOSSAN segment at up to 145 km/h (90 mph) wherean
automatic trainstop system (ATS) isinstalled, and at up to 125 km/h (79 mph) at most other locations.
Thereisat present no direct rail passenger service between Bakersfield and Los Angeles, requiring an
Amtrak bus connectionto be made. Significant freight service operateson the bulk of this route.

2.1.4 Pacific Northwest Corridor

The Pacific Northwest Corridor, asjointly conceived by the Oregon and Washington Departments of
Transportation, extends from Eugene to Portland, OR, then continuing through Seattle and Everett,
WA, and ending at VVancouver, BC, atotal of 740 km (464 miles). Thelineisabout half single, half
double track, and is CTC operated at speeds between 65 and 125 km/h (40 and 79 rnph), with
significant curvature. Heavy freighttraffic isthe rule on thiscorridor.

215 Chicago Hub Corridor

The designated Chicago Hub Section 1010 corridor consists of three segmentswhich could forma
regional rail system, extending from Chicago, IL, to Milwaukee, WI; Detroit, MI; and St. Louis, MO.
The respective Departments of Transportation of Wisconsin, Michigan, and Illinois applied for and
gained designation as a 1010 corridor.

The Chicago-Milwaukeesegment is 140 km (86 miles) long, doubletrack, is CTC operated, and has
light curvature. Commuter and 16 daily passenger trains operateat up to 125 kmv/h (79 rnph). The
lineis heavily used by freight trains.

The Chicago-Detroit segment is450 km (280 miles) long, primarily singletrack, is CTC operated,
and has light curvature except between Detroit and Kalamazoo. Ejght daily passenger trains operate
at speeds up to 125 km/h (79 rnph). Daytimefreight traffic is light, except on the Chicago-Porter, IN,
segment, whereit isvery heavy at al timesof the day.

The Chicago-St. Louissegment is450 km (282 miles) long, primarily single track, predominately
CTC operated, and has light curvature. Up to 8 passenger trainsper day operate at 125 kmvh (79
mph) maximum speeds. Freight traffic islight, particularly during daylight hours.

2.1.6 Empire Corridor (nota Section 1010 corridor)

The overall Empire Corridor is considered to extend from New York City to NiagaraFalls, NY, via
Albany and Buffalo, a distance of approximately 740 km (460 miles). Ten passenger trains per day
operate over the portion of this linewest of Schenectady, at maximum speeds of 125km/h (79 rnph).
New York State's immediate priority for thisrail lineisthe incremental improvement of the New

Y ork-Hoffmans, NY (Schenectady area) segment. The segment is 273 km (170 miles) long, mostly
double or multipletrack, and haslight to moderate curvature. The segment is CTC operated and
equipped throughout with a cab signal system. Portionsof this line operatetoday at 175 kmv/h (110
mph) and 200 km/h (125 mph) is the next target. Sixteen passenger trains per day operate from Penn
Station, New Y ork, and extensive electrified commuter service from Grand Central Terminal, NY,



operateson a 50-km (30-mile) segment of thisline. The limited freight operationsare primarily
during the nighttime hours.

2.1.7 Northeast Corridor (not a Section 1010 corridor)

The southern half of the Northeast Corridor from Washington, DC, to New Y ork, NY, has undergone
extensiveimprovement under afederally-sponsored devel opment program. Presently operating 34
Metroliner trains per day at speeds up to 200 km/h (125 mph) aswell as up to 64 other intercity
passenger trains and 240 commuter trains daily), thisline is the U.S. benchmark in high-speedrail
operations. Thislineisfully electrified and has no grade crossings. The corridor also carries some
limited freight traffic.

Thenorthern portion of the NEC from New Y ork to Boston, MA, athough also receiving
improvementsduring the Northeast Corridor Improvement Project (NECIP), was hot developed to as
high aleve as the New Y ork-Washington portion. Amtrak plansto extend the el ectrification from
New Haven, CT, to Boston. The New Y ork-Boston corridor is 370 km (231 miles) in length, double
or multipletrack, is CTC operated, and has significant curvature along the Connecticut and Rhode
Idand shorelines. Thelineisfully cab signal equipped, has few remaining grade crossings, and
operatesat speeds up to 175km/h (110 mph). Freight train traffic is l[imited on this segment, but
frequent commuter trains, up to 200 per day, are operated between New Y ork and New Haven.

2.2 CORRIDOR CHARACTERISTICS AND IMPLICATIONS

Table 2-1 presentsa summary of the characteristicsof the Section 1010 and other corridor segments.
A more compl ete presentation of corridor characteristicsis contained in the Appendix data sheets.
Thefollowing discussionrelates to the interpretation of data contained in Table 2-1 and the Appendix
datasheets. The data shown are in some cases estimated, particularly concerning grade crossings,
where private crossingsmay not beincluded in every case.

Trains/day figures are one-way figures, i.e., one round-trip counts as two trains.

Passenger Speed is the typical maximum speed in mph presently being operated on the segment, not
throughout the segment. Proposed Passenger Speed is theinitial target speed for the improvement
program planned as of thiswriting, not the ultimate objective.

Daytime freight trains refer to through trains that would likely interfere with passenger service
between approximately 7 am and 9 pm. Fully devel oped corridor passenger services could extend
operating hours beyond thoselimits. Freight/Passenger train interferenceis discussed in chapter 7.

Grade Crossingsareall highway crossingsat grade (i-e., not grade separated), including public and
private, with and without warning devices. (Although thisisthe intent, data may not reflect private
crossingsin every case.) Although no regulatory standard has been established at this writing,
limiting the speed of passenger trainsover grade crossingsis clearly aformidable safety challenge.
Detailed discussion of grade crossing safety issues, including elimination projectsand warning
means, is outside the scope of this study, but substantial attention has been given to this subject
elsawhere[Refs. 4, 5, 6 and 7]. Precedentexistsin the U.S. today to operateat 175 km/h (110 mph)
Speedsover grade crossings. Operationat speeds in excess of 175 km/h (110 mph) is beyond that
authorized by the track safety standardsand hence would require an FRA waiver. FRA may grant
such awaiver if it "isin the public interest and consistent with railroad safety™ (49 United States
Code 20103(d) — recodified transportation statutes) [Ref. 8].
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Table 2-1. Summary of Corridor Data*

Virginia Washington- 2 108 18 yes g : o
Richmod s (8lday) 70 90-95 12 40-60 NA NA 64 59 1
N. Carofina [ Rafeigh- 1 173 4 no 59-79 90 2-10 50 1-10 10-19 260 15 fo-40
Charlotte
Florida Miami- - yes o
W. Paim 1-2 7 8 (24/day) 79 90 0 60 [35% double track] 73 1.03 10 -20
Beach
California | San Diego- 1 487 0-16 no 60-90 100 212 40-65 9-1.6 59 428 88 10-30
Bay Area/
Sacramento
Oregon/ | Eugene- 1-2 464 28 no 40-79 90 8-16 40-60 1-5 1513 404 87 20-40
Washington | Vancouver,
BC
Hliinois Chicago- 1 282 4-8 yes 79 90 0-1 60 2 12-23 327 1.15 10
St. Louis
Wisconsin | Chicago- 2-3 86 16 ves 7079 90 7-8 50-60 NA NA 111 1.31 Safo
Milwaukee
Michigan g';:fgi?“ 1-2 280 8-16 yes 79 100 0-20 60 25 16-20 388 1.39 102,50
. yes
Empire New York- 2-4 170 16 {Upto 70-110 125 0 50 NA NA 37 22 10-20
Hoffmans 140/day)
Washington/ yes
NEC 2.4 2 1 (upto g - o
New York 226 02 24bia) 125 150 0-4 | 30D 60N NA NA 0 0 0.5
yes
NEC New York- 2.4 231 30 (up to g - 10-3°
Beaton 200/6ay) 110 150 02 | 30D 60N NA NA 17 07 3

*See explanation of data and column headings in Section 2.2

**D = Daytime N = Nighttime



Grade crossings/route mile givesan indication of the prevalenceof these impedimentsto high-speed
operation on a given segment. A national average is approximately one crossing/route mile. Figures
lower than this suggest prior grade crossing elimination projects, making incremental HSR potentially
less expensive to implement.

Signaling shows the prevalent type of signal system in the segment. Signal systems will be discussed
in detail in chapters 3 and 4. (Shown in Appendix only.)

For rail line segments that are at least partially single track, Per cent Second Track/Siding (shownin
Appendix only) indicates, on average, the effective second track availablefor passing, while Average
Siding L ength and Aver age Siding Spacing estimate those parametersfor the segment. As
discussed in prior research reports [Refs. 2, 9, 10], siding spacing has an effect on route capacity.
This effect will befurther discussed and illustrated in chapter 7. Siding length isimportant, sinceif a
siding is not long enough to hold a given freight train, it isuselessoperationally (as alocation to hold
afreight train and allow a passenger train to pass). If somesidingsare short in comparisonto
operating freight train length, the effective distance between sidings is increased, directly reducing

capacity.

Typical Curvatur e refersto the degreesof curvature frequently and regularly encountered on arail
line segment. Maximum curvaturewill be higher, and there will always be speed restrictions present
asaresult of atypical sharp curves. For agiven alowable track superelevation and vehiclecant
deficiency (unbalanced superelevation), degree of curvatureis related to allowable operating speed by
the following formula:

Viaw = [(Ea+Eu).0007 D ]*?
whereV__ = maximum speed [mph]
E, = superelevation[inches]
E, = unbaancedelevation[inches]
D = degreeof curve [degrees].

Superelevation is limited to a maximum of 150 mm (6 inches) by Federa Track Safety Standards
[Ref. 3], and unbalanced superelevation (cant deficiency) is limited to 75 mm (3 inches) unlessa
waiver of these values has been granted by FRA. Furthermore, many freight railroads have reduced
superelevation in their curved track to alower maximum level, frequently 100 mm (4 inches), which
reduces the allowabl e speed on such curves. To increasecurve speedsin general, the degree of
curvature must be reduced to avalue that is compatible with the desired speed using the above
formula. The typical curvaturevalues can be used to gauge how much of a problem route curvatureis
in achieving increased speeds.

Table 2-2 shows the effect of different curvature levelson maximum curve speed. Curvaturesare
shown in Table 2-2 for three conditions:

+ 3" unbalanced superel evation corresponding to the FRA regulatory maximum.

» 5" unbalanced superel evationcorresponding to a level that is generally considered comfortable
with a modern high-performancesuspension system.

* 9" unbalanced superel evation corresponding to the value approved by FRA for demonstration
service of the X-2000 tilting body trainset in the NEC.



These values bracket the range of acceptablecurvature with adequate passenger comfort under the
range of conditionslikely to be encountered.

Curve realignment projects are relatively expensive undertakingsand, because of development or
natural barriersimmediately abutting the right-of-way, can not alwaysbe implemented practically.
Tilting body trains can al so be employed to increase curve speed to some degree without realignment
in corridors where curvatureis significant, provided that rolling stock design produces acceptable
lateral/vertical (L N) force ratiosunder these conditions.

Table 2-2. Maximum Speed vs. Curvature Level (4" Superelevation)

Speed, mph Degrees of Curvature (Radius, Feet)
3" Unbalance 5' Unbalance 9" Unbalance
90 mph 1.23° (4659) 1.59° (3604) 2.29" (2502)
110 mph 0.83" (6904) 1.06° (5392) 1.53" (3745)
125 mph 0.64" (8953) 0.82" (6936) 1.19° (4815)
150 mph 0.44° (13,023) | 0.57" (10,053) 0.83" (6904)

23 DEVELOPMENT OF HYPOTHETICAL CORRIDOR

Rather than illustratingthe impactsof train operationson a particular 1010 comdor, the safety and
operations analysismethodologies are applied to a' hypothetical corridor” representing the 1010
comdorsin theaggregate. In analyzingthe datafrom the corridors (as representedin the Appendix
data sheets and other avail ableinformation), three typical cases seem appropriatefor further anaysis.
These are briefly described below, in order of increasingcomplexity and cost, and are then used in the
comdor efficiency analysisof chapter 7.

231 Case A. Single Track and Passing Sidinas

Many of the 1010 corridorswill havethisstructurefor at least a portion of their extent. Typical
valuesfor base case evaluationwill be sidingsof 2.4 km (1.5 mile) length spaced every 32 km (20
miles), with operationunder CTC rules. Hourly passenger trains (at maximum speedsof 145 km/h)
(90 mph) will operatein each direction acrossthe territory, in competitionwith light to moderate
freight traffic of 3 daylight freight trainsin each direction, randomly spaced throughout the 14-hour
daylight period. Freighttrainsare assumed to have maximum speedsof 80 kmv/h (50 rnph).

2.3.2 Case B: DoubleTrack ABS

Thisfairly common arrangement consistsof afull double track, each signaled for movementswith
the current of traffic (i.e., in one designated direction). Interlockings are present every 24 km (15



miles), and these are assumed to be configured so that trains may meet and pass at these points.
Between interlockings, however, trains must follow one behind another on the designated directional
track under normal operating conditions. Passenger trafficisasin Case A above, except at 175 km/h
(110 mph) maximum speed; basefreight traffic isasin Case A.

2.3.3 Case C: DoubleTrack CTC

Thisarrangement is not uncommon in highly utilized corridors, particularly if passenger service has
always been a strong factor. Under the CTC scenario, trains may operate on signal indicationsin
either direction on elther track — thereisno ' current of traffic.”” Interlockings are assumed to be
spaced every 16 km (10 miles), but these are simple universal crossoversnot allowing passing within
interlocking limits; rather, trains may pass on the links between interlockings. Passenger serviceisas
outlined above, however, maximum speedsof 145, 175,200 and 240 km/h (90, 110, 125, and 150
mph) will be considered. Basefreight servicewill beasin Case A, however, the ability to handle
much higher volumes (up to 12 daylight trains/day) will be considered.



3. BRAKING AND BLOCK SIGNAL SYSTEMS

3.1 IMPORTANCE OF BRAKING

Safe train operation is based on the concept of adequate train separation. Thisin turn requires
positive control of train velocity — the function of the braking system. Railway braking systems
have been devel oped through the years into highly reliable equipment, and no shortage of hardware
existsinternationaly to perform thisimportant function. Braking rates may be increased through
higher braking forces, but these rates are limited by considerationsof passenger comfort and wheel-
rail adhesion. Furthermore, the energy dissipation capacity of the braking components must be
matched to the intended application. Asspeedsare increased, for agiven braking rate, distance
required to stop and energy dissipated rise as the square of the velocity. Thissquarelaw relationship
of stopping distanceand maximum speed provides a challengefor a railroad system designer laying
out asignal system for aline with operating equipment of different speed and braking characteristics,
such as passenger and freight trains, asfurther discussed below.

32 TYPES OF BRAKING

The historical railway braking system has been the pneumaticor air brake system, consisting of
friction braking between wheel treads and brake shoes, with braking effort supplied pneumatically.
As passenger speedsincrease, both the necessity of increasing the number of elementsdissipating
braking energy and the desireto removelarge thermal energy loadings from the wheels have led to
disk friction brakes, alone or in combinationwith tread brakes. Braking control can also be
pneumatic (aswith the conventional freight car braking system), or can be electric, or a combination
of electric and pneumatic (as with many rail transit and passenger designs).

A further distinction can be made between the train air brakes (as described above), and the
locomotiveair brake (independent brake) which is generally fitted on locomotives.

The advent of diesel-electricpropulsion permitsthe use of dynamic braking, and that of electric
propulsion permits either dynamic or regenerativebraking. Hydraulic and hydrodynamic braking
systems or components have al so been used, but much less widely. An additional form of brakingis
the track brake, which does not rely on wheel -rail adhesion but directly transmits truck forces to the
track. Track brakes can be either electromagnetic(as in a non-contacting eddy current brake) or rely
on more conventional friction contact principles.

Most modem vehiclesincorporatesevera types of braking, such asfriction and dynamic.
Increasingly in passenger applications, these are integrated within a control apparatuswhere the
blending between the different systems takes place automatically, simplifying the operators' tasksand
tapering the applicationand release for smooth performance. The basic braking platform is generally
the friction brake, with additional braking devices serving as " overlays™ integrated by the braking
control system.

Control of the braking system is ordinarily effected manually by the engineman (train operator or
locomotive engineer), but automatic applicationsof the brakes may also be initiatedif atrain stop or
train control safety deviceisinstalled. (Train control systemsare discussed in chapter 4.) Automatic
applicationsof the brakes by these devicesare termed ™’ pendty'* applicationsand ordinarily resultin
retardationof the train by friction braking exclusively. Such a braking rate may be lower than that
availablefrom the combined braking systems, but not necessarily.



3.3 SAFE BRAKING DISTANCES

A train can stop in the minimum distance when a number of favorable conditionsare met: the train
operator uses the highest braking rate, the emergency braking rate; the wheel-rail adhesion is high,
implying clean, dry rails; and restrictionson passenger comfort are disregarded. In practice, these
conditionsare not always present, and it would certainly be inappropriate to design a railway signal
system around such best-case stop distances. Theterm safe braking distance refersto an idealized
distancederived from conservative assumptionsconcerning the variablesmentioned above. Safe
braking distances are always verified by actual tests on specific equipment performed by the railroad
carriersprior to initiating regular service.

Safe braking distances generally include allowancesfor the following conditions:

» Rather than the emergency rate, full service braking is generdly used asthisisthe rate provided
in a penalty application from trainstop or train control systems.

- Thetrainisassumed to befully loaded (passengers plus baggagein the case of a passenger train).

* Acertain percentage of thetrains' brake units are presumed to be inoperative; a derating of 20 to
25 percentistypically used.

» Allowancesare made for the reaction times of the automatic safety systems, the braking system,
and the engineman in applying the brakes.

Asaresult of these allowances, the safe braking distance for atrain may be significantly greater than
the best-case stop distance, thereby providing a significant margin of safety. In any event the safe
braking distance at higher speeds becomes substantial, and this affectsrail line capacity. Figure 3-1
showsthe saf e braking distance for Amtrak AEM-7 and Amfleet equipment as used in the NEC at up
to 200 km/h (125 mph). The curvesassumea 25 percent derating, and are shown with and without an
8-second total reaction time. From a speed of 200 knv/h (125 mph), such atrain has asafe braking
distanceof 3437 m (11,277 feet). The overall deceleration rate obtained isapproximately 1.28 km/h/
sec (0.8 mph/sec) (lessthan 0.04 g) which is quite consistent with passenger comfort and adhesion
limits.

Figure 3-2 shows safe braking distancesfor a variety of passenger and freight equipment. Note that
thefreight safe braking distances are compatible with the passenger distancesfor the slower speedsat
which thefreight trainsrun.

34 BLOCK SIGNAL SYSTEM OVERVIEW

The necessity of adequatetrain separation hasaready been mentioned. It isconceivableto separate
trainsby time intervals. Indeed, even today a primary protection for freight trainsin the absence of
more sophisticated meansinvolves dropping fusees (railroad flareswhich bum for a predetermined
length of time). Operating rules require that a following train finding a burning fusee stop, extinguish
it, and wait five minutes (or other predeterminedinterval) before dropping another fusee and
proceeding.

Long ago the more flexible concept of distance separation cameinto general use with the division of a
railroad operating temtory into blocks, lengths of track which could be'" given to" only onetrainat a
time. Authority to enter and occupy the block extends only to the block limit (the boundary of the
next block in the direction of travel). Originaly these blockswere many mileslong. A number of
waysof controlling block occupancy exist, and these are described in the next sections.
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3.5 TRAIN OPERATION AND DISPATCHING

With the railroad divided into blocks, a train dispatcher could determinetrain priorities, and plan
meets and passesat convenient pointson the line with relative safety, although of course this system
is not immuneto human error. The dispatcher would relay his instructionsto block operators
stationed in thefield at the block limits, by telegraph and later by telephone, dictating train orders to
hold a train or dlow it to enter the next block. These train orders were then copied manually by the
operator and delivered by him to the conductor and engineer of the affected trains. Supplemented by
the operating rule book and timetabledefinitionsand special instructions, this type of train order
operation is till widely used around the world, althoughiit is being replaced by numerousvariants
whereby dispatchersdictatetrain ordersby radio directly to engineersand/or conductors. Clearly this
arrangement becomes cumbersome when train densities become high. As of January 1993,
approximately 40,960 km (25,600 track miles) were operated in the U.S. under thistechnique,
approximately 16 percent of the total track mileage operated (all U.S. railroads) [Ref. 11].

36 TYPES OF BLOCK SIGNAL SYSTEMS

The addition of fixed signalsinstalled at the block stationsto transmit movement authority to trains
greatly enhanced the efficiency of railroad operations. These signalsare commonly of the semaphore,
color light, searchlight, position light, or color-positionlight type, but whatever theform the
informationtransmitted is the same. If the operator had no " special’* messagesto deliver to thetrain,
he could smply clear the appropriateblock signal and thetrain could pass through to the next block
station, where the same procedurewould repeat. Thistype of operation isreferred to asamanual
block signal sysem (MBS). Thesignal system, manually operated by the operator, provides
movement authority to the train without the necessity of train orders at every block station.

The MBS systemisrelatively inexpensiveto install and, for small railroadsat least, to operate. A
total of approximately 78,400 km (49,000 track miles, or 30 percent of thetotal U.S. network, were
operated in thisfashion in 1993. Many smaller railroadsare entirely MBS or timetable/train order
operated.

A drawback of this typeof operationisits limited capacity or throughput. If atrain requires15
minutesto reach and clear the next block station in advance, then another passenger train (observing
the absolute block rule) cannot enter the block during that period. It follows that the capacity of such
an operation could not exceed four trains per hour, even with totally uni-directional flow. Thislong
ago became unworkablein areas of high passenger train density.

The introduction of the automatic block signal system (ABS) revolutionized railroad operations,
allowing gresatly increased capacity, efficiency, and safety. 1n the ABS system, much shorter blocks
are established, with fixed signals installed at each block location. The ABS system automatically
detects the presenceof atrain (an occupied block) through the use of atrack circuit (discussed
below) and protectsthe train against foll owing movements by causing the signals at entry to any
occupied block to be at "'stop.” Further, the ABS system provides advance warning of the stop signal
ahead (in "advance) by displaying one or more restrictive signals between the clear and stop signals.

The physical appearanceof a signal as viewed approaching it (from the " rear” of the signal) is termed
itsaspect. Thusastop signal could variously appear as ared light, a horizontal semaphorearm, or a
horizontal pattern of positionlights. The meaning of the aspect is known asitsindication; the
indicationisthe rule that the train operator responsibly must obey.



The simplest form of ABS is the three-aspect system, wherein there is one caution aspect between the
clear (proceed) and stop aspects. Figure 3-3 showsa three-aspect, three-block, ABS system as an
illustration. Thisillustration employs color light signal conventions:

G = Green Name: Clear Indication: Proceed
Y = Ydlow Name: Approach Indication: Stop at next signal
R = Red Name: Stop Indication: Stop

Note that thefollowing train (Train B) must be able to stop from its timetabl e-designatedmaximum
authorized speed (MAS) within asingle block (yellow, Block 3). This means that these blocks must
be no less than "' safe braking distance™ in length (see above discussion of safe braking distance).
More elaborate ABS systems provide multiple aspects, allowing the safe braking distanceto be
divided up into multiple, shorter segments of increasingly reduced operating speed. Asthe number of
aspectsincreases, the block length decreases (other things being equal) and the system has the ability
to operate trains spaced more closely together, thereby increasing effective capacity. (Capacity will
be discussed further in chapter 7, Corridor Efficiency Considerations.)

Approximately 28,500 miles of track were ABS-operated in 1993, approximately 17 percent of the
total track-mileage.

ABS systemseffectively space trains safely once they have been dispatched on aroute, but at
locations where routes may change (i.e., trains may move from one track to another via turnouts and
crossovers) a more complicated system known asinterlocking is employed. Theoriginal
interlocking machineswere mechanical devices that interconnected the control mechanismsfor the
switchesand signalsso that routes had to be cleared in a predetermined sequence and " unsafe’” moves
(such as displaying proceed signals in both directions on a given route) could not be made. While the
mechanical locking providing such protection gave interlockingstheir name, the samelogical
functions (and more) are now provided electromechanically (relay interlockings) or electronically
(solid statevital electronics). Withinthe limits of an interlocking, all movementsare authorized by
signal indications. An interlocking may belocally controlled (from a*tower" or interlocking station),
or it may be controlled remotely. Thelong-termtrend has been away from towersand trackside
telephoneblock circuitsfor control and communications, and towards remotely controlled
interlockingsand train-wayside radio, which are now virtually a standard on U.S. mainline railroads.
While there are exceptionsto the rule, today the expectation isthat amajor railroad mainlinewill
have ABS signaling and relatively frequent interlockings. Operationson such aline ordinarily will be
accomplished through signal indications supplemented by radio messages. In 1993, there were 2050
interlockingson U.S. railroads, consisting of 542 automatic interlockings, 440 attended interlockings,
and 1068 remote interlockings. There are an additional 11,200 controlled points associated with
traffic control systems (discussed below). These controlled pointsare a special case of remote
interlockings.

Whatever the aspect given by an interlocking or automatic block signal, itsindicationis essentially a
speed command, or can be reduced to a speed command. Thisis the speed signaling concept.
Another form of signaling, route signaling, incorporatesinformationas to upcoming track changes
(divergingroute, etc.) into itsindications. Route changes can generally be inferred from the sequence
of aspectsin a speed signaling system. Routesignaling lendsitself less readily to speed enforcement
and to automation, and speed signaling has becomethe dominant form in modem use.
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3.7 REVERSETRAFFIC

Thedescriptions up to this point primarily have related to trains moving in a uni-directiona motion
onatrack. If atrack issignaledfor movementsin only one direction, that direction is the established
current of traffic. A common arrangement isadouble track rail line with one track signaled in each
direction. Movements against the current of traffic (opposing movements), as for examplein an
emergency or whenatrack is out of service for maintenance, can only be made through train order
operation.

If atrack is signaled so that reverse movementscan also be made, i.e., so that movementsin both
directionscan be made on signal indications, the track is said to have reverse traffic capability, and
the operation is defined under traffic control system (TCS) rules rather than ABS and Interlocking
rules. A traffic control system whereinall interlockingsand other manually-controlled pointsare
remotely controlled from one central location isreferred to as centralized traffic control. Theterm
CTC isnot defined within Federa regulationsand its usage and application may vary within the
industry. As of 1993, over 96,000 km (60,000 miles) of U.S. railroad track were operated as TCS, 37
percent of the total.

3.8 TRACK CIRCUITS

As previously mentioned, train detection in automatic block and traffic control systemsis
accomplished through the use of track circuits. In their simplestform, atrack circuit consistsof a
power source (battery) at one end of the circuit, and arelay (track relay) at the oppositeend of the
circuit. Therails are the conductorsof the circuit, connecting the battery and the relay in a seriesloop
circuit. For this purpose, the railsare made electrically discontinuous(while remaining mechanically
continuous) at the block boundariesby the use of insulated joints. Thesimple DC track circuit is
illustratedin Figure 3-4.

INSULATED JOINTS INSULATED JOINTS

TAPPED RESISTOR

+
) ———
' BATTERY ]

TRACK
RELAY

Figure 3-4. DC Track Circuit



The current from the battery flows through the rail to the track relay, and returnsto the battery
through the opposite rail. Sincethisisa normally-energizedcircuit (i.e., the relay is normaly
operated or “picked-up”), it operates on the fail-safe or closed loop principle. The presenceof a
train's wheel setswithin the block will shunt the track circuit, causing the track relay to become de-
energizedor "drop.”" Notealso that afailure of the battery, afailure of the relay coil, abroken rail, or
other damaged intermediateloop wiring would causethe circuit to indicate™ block occupied,” thus
producing a safe condition upon failure. The classical track relayswere constructed with relatively
massive armatures and were arranged to "' gravity-drop™ open if de-energized. Their contactswere
made of carbon and specialy designed to be “non-weldable” to prevent sticking in the picked-up
position. Thistype of relay became known asavita relay and such atrack circuit asavital circuit.

Theaim of al signal engineeringis to display safe and proper signa aspects under all conditions, and
especialy to reduce to a near-zero level the probability of displayinga* fase-clear” indication
(showing a block as clear when occupied or restricted), and instances of these are extremely rare. The
overal ABS system consists of contact trees of track relays and repeater relays connectedto signal
relaysto produce the appropriateaspects correspondingto blocks occupiedin advance of thesignal.
Interlocking designs follow the same basic principlesfor train detection, but require additional
devicesand logic to accomplishapproach locking and route locking, for example. Much of thislogic
can be performed by electronic means rather than with relay logic, and solid-state systemswith high
reliability, redundancy, and spike- and- surge-resistancehave been introduced to perform this function
successfully. The great mgjority of the installationspresent in the U.S. today remain of therday type.

Whilethe DC track circuit described iscommonly in use, electrified railroads pose an additional set
of requirements and significantly increase track circuit complexity and cost. In electrified systems,
thetwo running rails also serve as return conductorsfor the propulsion power supply. Assuch, they
are effectively connected in parallel which would shunt the ssmpleDC track circuit. If DC propulsion
isemployed, AC track circuitsat commercial frequency may be used with track inductors(impedance
bonds) installed to parallel the railsfor propul sion return purposes while keeping thetrack relay
normally energized. If AC propulsionisemployed, ahigher, non-harmonicfrequency may be used
for the track circuit, or a phase-selectiverelay may beemployed. Audio frequency overlay track
circuits have been developed which can function without insulated joints. These have been widely
used for crossing protection circuits and have been adapted for mainline use aswell. Further
description of track circuitscan be found in a number of references[e.g., Refs. 12 and 13].

3.9 BLOCK SIGNAL SYSTEM REGULATIONS

Signal systemsare regulated by the Federal Railroad Administration, and the requirementsare
contained in the Rules, Standards and I nstructions Governing the I nstallation, Inspection,
Maintenance, and Repair of Signal and Train Control Systems, Devices, and Appliances[Ref.14].
Insofar as operating impact i s concerned, there are two principal provisionsof the Ruleswhich are
pertinent to passenger train incremental improvement programs:

* Where passenger trains are to operate at 95 km/h (60 mph) or greater, a block signal system (or a
qualifying manual block system) must be in effect providing absol ute block protection.

*  Wheretrainsare to operateat 130 km/h (80 mph) or greater, an automatic cab signal system,
automatic trainstop system, or automatictrain control system must beinstalled. (Thesesystems
will be discussed in chapter 4.)



3.10 MOVING BLOCK CONCEPT

The systems described up to this point make use of fixed block limitsand signal locations. The signal
equipment is entirely along the wayside (right-of-way) and not on-board the train. The moving block
concept does not have fixed block locations but instead requiresinteractive communication between
equipment on trainsand the wayside equipment in order to function. In that regard it isallied with
train control systemswhich are discussed in chapter 4.

The moving block system has the principal advantageof improving the headway attainable over that
provided by afixed block signa system. With reference to thefixed block example of Figure3-3d,
Train B will receiveared signa when any portion of Train Aisin block 4. The block layout and safe
braking distanceassume that the preceding train isin the most adverse (conservative) position in the
block, i.e., at the end closest to the following train. Asthefirst train proceeds, however, the signal
governing thefollowing train's passage will not improve until the preceding train hastraveled to the
far end of the block and no portion of thetrain remainsin the block. This meansthat the second train
will not receive an indication allowing it to proceed (Figure 3-3¢€) until the first train has traveled the
block length plusatrain length. Theresulting headway distance or separation betweentrainsis
therefore the sum of safe braking distance, one additional block, and thetrain length. A moving block
system will allow a headway distance equal to the safe braking distance and train length alone.

Moving block systems have been employed in transit applicationsin North America, but are not
common in railroad applicationsat the present time. The existing SELTRAC system developed in
Canada utilizes transponders, central and on-board computers, a multiply-redundant digital
communicationslink, and amoving block approach. The system has a resolution of 6.25 meters (20
feet).

3.11 FOREIGN APPROACHES

Other meansare availablefor detecting train presence besides track circuits. One approach which has
been used successfully in Europerelieson wheel detectorsat block boundaries. When atrainis
allowed to enter ablock, itsaxle count is registeredas it enters. When it leavestheblock, it is
counted again. If the number of whedl or axle pulses agrees, the train is considered to have left the
block and it iscleared. Thissystemisknown ascheck in-check out. Although it has successful
foreign experience, it has not been employed in the U.S. as ameans of controlling ablock signal
system. Thisis probably becauseit offersalesser degree of protection than track circuited systems
(asagainst brokenrails, for example).

3.12 IMPLICATIONS FOR HSR INCREMENTAL CORRIDOR DEVELOPMENT

* Asagenerd rule, existing corridor signal systemswill be ABS or TCS and will fulfill the FRA
block signaling regulationsfor operation at speedsof 95 km/h (60 mph) or grester. This
statement refersto type of signal system only, not to block length adequacy or train control
requirements(discussed in chapter 4).

» "Off theshelf' braking systemsavailablefor applicationin corridor improvement programswill
permit increased passenger train speedswithin the physical limits incorporated into many existing
block signal systems. The precise upper speed limit that can be achieved can only be determined
through careful study of the specific corridor block layout and gradients, and by consideration of
the braking characteristicsof the specific equipment to be applied in the corridor.



As afirst approximation, however, it is not unreasonableto expect that where existing block
lengthsare 2130 m (7000 feet) or morein length, operation at up to 175 km/h (110 mph) may be
possible whereas 145 km/h (90 mph) may be achievablewith 1525 m (5000 foot) block spacing.
These estimatesare derived from Figure 3-2 and assume that Amtrak F40PH/Amfleet equipment
(or better performing equipment) would be employed.

Thetrain control requirements (discussed in chapter 4) must be met independently.
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4. TRAIN CONTROL SYSTEMS

41 ORIGIN OF U.S.TRAIN CONTROL SYSTEMS

A brief chronology of eventsin the early 1900s will serveto place train control systemsin
perspective. In 1906 Congress directed the Interstate Commerce Commission (ICC, the predecessor
agency to FRA for rail safety regulation) to investigate and report on the use of and necessity for
block signal systemsand appliancesfor the automatic control of trainsin the U.S. Between 1909 and
1920, a great number of train-traincollisionsoccurred, resultingin:

16,565 head-on and rear end collisions
3,089 deaths

43,964 injuries

$26 million property damage

In 1920, Congress passed the Signal 1nspection Act granting authority to the ICC to require any
carrier subject to the Interstate CommerceAct to install automatic trainstop (ATS) or automatic
train control (ATC) or other safety devices, subject to | CC specificationsand requirements, upon the
whole or any part of itsrailroad. In January 1922, the | CC ordered respondent carriers (certain major
railroads) to install ATS or ATC on al locomotiveson at least one full passenger locomotivedivision
between geographiclimits prescribedin the Order [Ref.15]). (Thisinitiated relatively widespread
application of these devices, and automatic cab signal (ACS), not mentioned in the 1922 Order.)
Finaly, in 1947, the ICC Ordered ACS, ATS, or ATC beinstalled on any route where any trainswere
to operateat 130 km/h (80 mph) or more [Ref. 16]. In February, 1984, FRA revised the signal and
train control regulations, del eting the above 1922 Order and making the 1947 Order a permanent part
of the Code of Federal Regulations(CFR). In other substantive respects, the regulationsremain the
same.

Another code provision (49 CFR 236.566) requiresthat the lead locomotiveor driving car of any train
(freight or passenger) operating over territory equipped withACS, ATS or ATC shall also be
equipped with " apparatus responsiveto the roadway equipment installed™” on such territory, and such
apparatus shall be in operative condition. It should be noted that compliance with this provision does
not require that every type of vehicle have the same system or same reaction to the roadway signals.
For example, while a passenger train may have ACS and ATC equipment to respond to wayside coded
track circuits, afreight train (or a different passenger train) may have ACSaone. It should be noted
further that the requirements of this provisionare subject to requestsfor relief (limited waiver of
applicability) and that relief has frequently been granted.

A point of confusion existsin the discussion of these systems. The termtrain control systemsis
frequently used in a generic sense, asin thetitle of thischapter, to refer to any of the three types of
systemsdefined in the regulations. Automatictrain control refers specifically to the system so
defined in the regulations. ATC systemsare also known as automatic speed control systemssince
they can regulate atrain's speed rather than merely bring it to astop. Thislogical and clarifying
nameis not embodied in the regulations, however. Furthermore, thesesystemscan be and frequently
are used in combination with one another, and there isno standard as to the combined systems. Each
component, if present, must meet the prescribed regulations.



4.2  WARNING VS. ENFORCEMENT

A key differentiator between different train control systemsistheir overall philosophy: some act as
warning systems to alert thetrain engineer to a changein route conditions, whereas others enforce a
lower train speed when arestrictivechange occurs. Thefirst type of system provides an increased
level of information to the engineer, but leaves him in completecontrol of the train. The second type
of system providestheincreased level of information and permitsthe engineer to remain in control of
thetrain, but takes over control of the train should the engineer fail to do so. This philosophical
differencewill becomeevident in discussing the various systemsin use, and may result in different
levels of train protection.

43 INTERMITTENT VS. CONTINUOUS SYSTEMS

All train control systemsinvolvetheinteractionof wayside equipment (installed along the right-of-
way) and on-board equipment (installed on locomatives, cab control cars, or multiple unit cars).
Train control systemsare said to be either of the intermittent or continuous type depending upon how
informationis transmitted from the waysideto the on-board equipment. Inter mittent systems
provideinformation on block conditionsonly upon entering the block. Continuoussystemsreceive
informationat all times, and can therefore provide information to the engineer about changing block
conditionsafter entering a block.

4.4  CAB SIGNAL SYSTEMS

Automatic cab signal systemsof the intermittent type generally employ inductor sat block
boundariesto electro-magneticallytransmit block informationto the train-borne equipment, whichis
displayed on a panel in thelocomotivecab. The ACS system may have asfew astwo aspects
(proceed and restricting), but three- and four-aspect cab signalsare more common. In operation, asa
train enters an unrestricted block the cab indicator display showsa clear indication. If thetrain enters
arestricted block, the cab indicator displaysthe appropriateindication, and an audibleindicator
(whistleor horn) soundsin the cab. The engineer must depressan acknowledginglever or other
deviceto silence the audible indicator, acknowledging the fact that he is aware of a more-restrictive
aspect being displayed.

ContinuousACS systemsoperate with coded track cir cuits. These are variants of the conventional
track circuits described above, in which the electrical currentin theloop circuit iscaused to vary at a
low-frequency rate throughinterruption, polarity change, or modulation. This coding is performed by
the wayside apparatus to correspond with the signal aspect which is displayed by the waysidesignal.
The ACS system receivesthisinformationthrough receiving coils mounted ahead of the first
wheelset. The signalsarethen decoded by the on-board ACS equipment and displayed as described.
ContinuousA CS systems, unlesscombinedwith ATS or ATC, performin the same manner described
for intermittent ACS systems.

Since the cab signal replicates theinformation displayed by the wayside signal, and thisinformation
isavailable on a continuousbasisin the locomotivecab, wayside sighals are sometimes not installed
or are retired from service when cab signals are in use, reducing maintenance cost.

Note that the ACS system is an open-loop system which doesnot interact with the train braking
system. Itsinformationisrelayedto the engineer for action in controlling train speed and no further
action istaken.



45 TRAIN STOP SYSTEMS

Train stop systems operate with the same wayside-to-trainsignalsdescribed under ACS, generated by
either intermittent inductorsor continuouscoded track circuits. ATS systems also havean interface
with the train braking system, generally through an el ectropneumatic valve which can vent the brake
pipeat aservice rate, causing afull servicebrake application. In operation, asatrain entersan
unrestricted block the ATS will not takeaction. If the train entersa restricted block, an audible
indicator (whistle or horn) soundsin the cab. The engineer must depress an acknowledging lever to
silence the audibl e indicator and to prevent an automatic application of the brakes, thereby
acknowledging the fact that he is aware of amore-restrictiveaspect being displayed. Because
actuation of thislever will prevent an automatic application of the brakes, it isalso referredtoasa
forestalling lever.

If the train receives aredtrictive indication from the ATS system and the engineer does not take any
action, a full servicebrake application will occur after adelay time of an 8 second maximum. The
train will continuein afull service braking modeto a stop, whereuponthe ATS device may be reset
and the train can continue.

ATS systems are somewhere between warning and enforcement systems. Their enforcementis
indirectin that acknowledgment of a restrictiveindicationwill prevent further action from being
taken, as in the ACScase, even|f the train continuesto violate such a restriction for any reason.

46  SPEED CONTROL SYSTEMS

Full ATC systemsare enforcement systemsin that train speed is reduced directly by the system unless
the train's speed issimilarly reduced under the control of the engineman. These systemsoperatewith
continuous coded track circuits, and the track circuit code rates provided must correspond with the
number of speed levelsto be controlled. In addition to the hardware described above, ATC systems
include an on-board speed generator to permit the system to control train speed on a closed-loop
basis. Train speed iscontinuously compared with the speed permitted by the signal indication
transmitted viathe coded track circuit. Even operating under a non-restrictive signal indication, the
Maximum Authorized Speed for the train isenforced; i.e., an overspeed condition will result in an
audible indication and an automatic service brake application until thetrain speed isreduced to MAS
(s determined by the setting of the on-board governor).

In operation, as a train entersan unrestrictedblock, the ATC will take no action. If thetrain entersa
restricted block, an audible indicator (whistle, bell or horn) soundsin the cab. The engineer must
(within 8 seconds) begin to reduce the speed of the train at afull servicerate or an automatic
applicationof the brakeswill occur, bringing the train to a complete stop. The train will continue
braking under the engineman'’s control until the speed of the train is reduced to the required reduced
speed, at which time the audibleindicator ceasesto sound and the brakes may bereleased. Inan ATC
system, if the governing signal indication (or track circuit code rate) changes to a morefavorable
indication after a brake application has been initiated to comply with a prior speed reduction, the
audible indication will cease and the brakes may be released if the actual speed of the train islessthan
the new, morefavorableindication.

The actions described have historically been applicableto both passenger and freight vehicles
equipped withATC, and somefreight linesoperate in this manner today. Some freight carriers have
petitioned for relief of the automatic full-service penalty applicationsfrom the ATC system, citing
problems in train handling, particularly in undulatingterrain. In response to these petitions, FRA has
permitted the removal of ATC in some instances.
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A recently devel oped device, the Locomotive Speed Limiter (LSL), has been introduced to solve the
potential problem of too-aggressivepenalty braking on long freight trains. LSL utilizes more gradual
braking at avarying rate that still complieswith the safe braking distance. It isthissystem that has
been retrofitted to Conrail locomotives (and other non-equipped units) in the Northeast Corridor in
the aftermath of the Chase, Maryland, collision.

ATC systemsare frequently combined with cab signals. Once the complexity and expenseof the ATC
systemisjustified, the addition of the cab signal display deviceisaminor expense. Astwo examples
of the useof ATC and cab signals, Figure 4-1 shows the present cab aspects, code rates, and speed
control settings for the existing 4-aspect Northeast Comdor line system; and Figure 4-2 showsthe
proposed aspects, rates and settings for the new 9-aspect high-density system proposed for the
Northeast Corridor line, incorporating future 240 kmv/h (150 mph) operation [Ref. 17].
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Figure 4-1. NEC Existing Cab Aspects
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4.7 PRESENT APPLICATION OF TRAIN CONTROL SYSTEMS INTHE U.S.

Table 4-1 summarizesthe present applicationof train control systemsintheU.S. asof January 1993.
The tableisderived from information reported annualy to the FRA by the rail carriers[Ref. 11]. The
table showsthetype of train control system, the number of carriersreporting installation of each
system, the total track mileage equipped, and representativecarriers using each type of system. In
every case, the carrierslisted account for at least 93 percent of the total miles of each type of system.
A total of 15,750 km (9,843 track miles) is equipped with one or more train control systems, or 6.0
percent of the U.S. network.

Table 4-1. FRA-Reported Train Control Systems in Use, 1993

ACS 5 3964 UP, CR

ATS 5 1780 ATSF,CNW
ACS/ATS 1 90 ccP

ACS/ATC 5 1554 CNW, LIRR, CSX
ACS/ATC/ATS 2 2455 NRPC, MNCR

4.8 ADVANCED TRAIN CONTROL SYSTEM (ATCS)

The Advanced Train Control System had itsroots in CP Rail research projects dating back to 1980.
By 1984, the Railway Association of Canadaand the Association of American Railroadsinitiated a
joint Advanced Train Control Systems Project [Ref. 18]. An operating requirements document was
created and consultantswere hired to perform systemsengineering functions. The goalsof the ATCS
project consist of reducing the costsof performingall the traditional safety-oriented functions now
performed by railroad signal and train control systems (including manua block and timetable/train
order systemsand the dispatchingfunction), as well asadding a host of improved featuresof thetype
generally characterized as management information, seeking improved economic and market
performancefor therail industry. The systemis based on extensive useof 900-MHz digital
communicationssystems between individual trains and tracksideroute change pointsand a central
computer, and incorporates microcomputersin each train. Tracksidelocations (block boundaries) are
equipped with passive transpondersonly, and satellite positioning technology could eliminatethe
need for these.

All of the ATCS systemsrely ultimately on digital data transmission between central control and
train, and largecentral computers. Since vital functionsare being performed at the central contral,
error-free communicationsmust be maintained between trainsand central control for the systemto
function. In the absenceof theradio link, all trainsare brought to ahalt. Following abreak in the
link, the system must be re-started. Multipletransmittersand parallel information processing have
been utilized to achieve high reliability for these systems.

Variouspilot projects have been successfully undertaken to prove the concept on asmall scae. At the
present time, the ATCS project locksthe MIS-oriented and train detectionlmovement authority
functionsinto one system, which may slow down the applicatién of ATCS where there is a significant
investment in route signaling equipment. 1t would seem evident that application of ATCS would be
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most attractive on dark territory (or atotally new railroad), and be most readily installed there,
compared with the more highly devel oped infrastructureassociated with existing CTC and ATC [Ref.
19]. Transitionto ATCSon ATC linesmay be many yearsin the future, asthe ATCS system will
presumably have to prove it providesequa safety operating in parallel with existing signaling
systems before FRA will approve the discontinuanceof the existing system. Two ATCS approaches
presently being investigated in the U.S.,, among many types and levels of application, are the
Advanced Railroad Electronics System (ARES) and the Hughes system.

48.1 ARES Svstern

ARESisa project of the Burlington Northern Railroad and Rockwell Electronics. It uses signals
from the Navstar satellites provided for the Defense Department's Global Positioning System (GPS),
achieving aresolution of about 30 m (97 feet). The base system can not differentiatebetween tracks
in multiple-track territory, and additional conventional devices must be used in such territory.
Augmented (differential) GPS may provide sufficient resolutionto solve thisproblem. Thesignal is
also lost in tunnels or under overpasses, causing i ntermittent outages and necessitatingthe re-
establishing of communicationsand a new start-up for the service. Originally seen by the railroad as
an attractive alternative in its many milesof unsignaled territory, the project isno longer under active
development by Burlington Northern.

48.2 Hughes Svstem

Hughes Electronics has devel oped an advanced automatic train control applicationbased on its
military spread-spectrum ranging and position reporting technol ogy using radio frequency
communications. The system is called EPLRS — Enhanced Position L ocation Reporting System.
The system is under test on Bay Area Rapid Transit (BART) as an overlay to the existing signal and
train control system, with an ultimategoal of reducing headways. Each train head and tail end is
equipped with an EPLRS radio, and additional units are located frequently along the right-of-way
(ROW), forming a backbone communications network. The location of every trainisreported from a
minimum of three wayside locations, and this|ocation is cross-checked by central control which
determinessafe speed for each train. Coded messagesare then sent to each trainfrom multiple
wayside EPLRS units. Message coding provides additional redundancy.

49 FOREIGN SOLUTIONS

Foreign railroads utilize systems substantially similar to those described in Section4-8- A number of
railroads have been especially creativein developing overlay systems which provide for high-speed
operation. French National Railways (SNCF) hasfor many yearsused a system which providesan
intermittent indication of a** super clear” block condition, 1-€-, at least one block beyond the block
being entered isalso unrestricted. The overlay signal was originally transmitted by direct electrical
contact with the train through “crocodiles” in the track, and other systems have been developed that
perform thisfunction inductively. Thissystem wasan early aternativeto cab signaling, and
widespread cab signaling and ATC has replaced its use on newer lines installed since 1981.

SNCF and CSEE-Transport developed and first used the TVM300 system on the TGV Southeast, and
used it againon TGV Atlantique. These systemsare intended for the operation of lineswith high
train densities. Thesystem utilizes continuous track circuits without insulated joints, using frequency
modulated signalsin the audio range. The carrier frequency is modulated at 18 different frequency
modulations, thus permitting 18 potential speed levels. The frequency modulation technique is
compatiblewith unelectrified linesor lineselectrified at any commercial frequency. Waysidesignals



are not employed, and full ATC is provided enforcingatota of five speedsin astepped fashion.
Advancewarning of aspeed restriction approaching occurs one block in advance of thefirst
restriction. Asimplemented on the TGV Atlantique, this system permits four-minuteheadways at 300
km/h (186 mph).

The newest system, TVM430, is designed to achievethree-minute headways at 300 km/h (186mph),
with capability of 350 km/h operations. Now the standard for new specialized lines, this system has
been installed on the TGV Nord and Channel Tunnel links. Itissimilar to the TVM300 system, but
uses four carrier frequenciesin the audio range and an increased number of frequency modulations,
permitting 27-bit messages to be sent to the train through the track circuits. Six bitsare used for data
integrity checks, three for operation (route), eight for permitted speed, six for distance to next section,
and four for average gradient in the section. The system thus utilizesfixed block architecture, but on-
board speed control is continuous(stepless, as opposed to stepped curve) resulting in a reduction of
the length of each block from 2000-2100 m to 1500 m (6560-6888ft to 4920 ft). Both systemsutilize
afour-block stopping distance. TheTVM430 utilizesadvanced data processing techniquesto
validate the integrity of the commandsat several pointsin the transmission chain, and fail safety has
been demonstrated. The large number of available speed commands makesit possibleto enforce civil
speed restrictionsas well as traffic-related restrictions.

SNCF also has under development a track transponder-based system known as ASTREE whichis
directed at reducing headways, and German Federal Raillwaysis developing the DIANE system. (The
two projectstaken together comprisethe ARTEMIS system.) ASTREE followsthe general approach
of ATCS, but is not designed to the ATCS standard. It incorporates Doppler radar for on-board speed
detectionin an attempt to eliminate the speed updating problemsencountered with wheel revolution
counter or tacho-generatordevices, which are confused by wheel slips and slides. ASTREE isdtill an
experimental-stagesystem, and further devel opment timewill be needed before these systems are
introduced on alargescale [Ref.20].

Deutche Bundesbahn (DB), the German Federal Railway, in conjunction with Siemens, has devel oped
and applied the LZB system of high speed continuous automatic train control since itsintroduction in
1965. Several versionsof LZB exist, and the most advanced system isemployed on ICE lines. All
LZB systems share the characteristicthat the signal codesare transmitted to and from train and
wayside not through the rails themsel ves but through a separate conductor loop. Thisloop can be up
to 12623 m (41656 ft) in length, subdivided into up to 127" short loops" asfollows. Thetwo legsthat
make up the short loop arelocated in the center of thetrack, and attached to one of the running rails.
Every 100 m (328 ft), thetwo legs aretransposed by crossing the position of thewires. Vehicle
position is determined by counting the short loops. Each group of three short loopsisfed by an
amplifier unit, located every 600 m (1928 ft) along the wayside and feeding two short |oop groups.
These amplifiersare, in turn, fed by the waysidecable or "'logical loop" which, isin turn, connected
to aCentra Line Unit (CLU) which can accommodate up to 16 logical loops (16-64 km (10 to 40
miles) of route).

The vehicle equipment consistsof an antenna, central computer logic unit and interfaces with the on-
board display panel, the propulsion/braking systems, and input data switchesto describethetrain
length, maximum speed, and braking capabilities. In operation, the LZB system determinestrain
position as follows: A train entering LZB territory passes over an entrance loop indicating code
numbersfor the logical loop being entered, and the short loop crossing. Asthetrain entersthe logical
loop it retransmitsits position (logical |oop and crossing numbers) to the wayside. This process
continueswith the train giving the updated crossing number each 100 m (328 ft), and the CLU
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responding with achangein train address. Each CLU consists of a triplecomputer system using
parallel processng—two outputs must match in order to transmit any signal and permit train
movement. Wayside-to-traintransmissionisin the form of messageswhich provideinformation to
the vehicle computer to calculate:

M aximum permitted speed.

Actua speed.

Distanceto next target (up to 10 km (6 miles)).
Permitted speed at that target.

Other information.

Train-to-wayside41-bit messagesinclude thefollowing information:

L ocation (loop code and crossing number update).
Braketype.

Actua speed.

Administrativeand status codes.

The key advantagesof the LZB system are itsability for alarge number of speed control gradations
(every 2 knmv/h (1.25 mph)) resulting in a stepless decel eration curve, and a true moving block
approach which maximizesthe capacity of therail line(i.e., short operational headways). The LZB
system isalso very flexible in adapting to new or different equipment types/braking rates, eic., snce it
does not rely on fixed block spacings.

4.10 UPGRADING TO HIGHER SPEEDS

Upgrading from conventional passenger train speeds to speeds higher than 79 mph requires
installation of atrain control system meeting the FRA requirements[49 CFR 236.0(d)]. Asshownin
chapter 2, very few milesof the 1010 comdor rail lines are presently equipped with such systems. As
discussedin chapter 3, in many cases someincrease in passenger train speeds can be achieved within
theexisting block layoutsof these comdors. The amount of increase permitted and the location of
the zonesof increased speeds must be determined through a detail ed study of the existing block
layout and the braking characteristicsof the proposed equipment.

Should the desired maximum speeds be greater than the existing block layout permitswith regard to
safe braking distance, then the block layout and/or signal system must be changed. One solution isto
respace the signals, providing longer blocks and therefore greater braking distance. Thissolution has
the disadvantage of increasing the headway distance and decreasing the capacity of therail line. An
alternate solution is to expand the number of signal aspectsand shorten the individual block length
somewhat; thisapproach has a lesser impact on headway and capacity, but is morecostly. If the
existing signal system isfairly new it may be possibleto respace the signalswhilereusing the existing
equipment. In other casesit will prove more prudent to replace the existing signal apparatus with
new materia. If ACSisto be provided universally, wayside automatic signals could be omitted at a
cost savings.

To provide an order-of-magnitudeestimate of the costsinvolved with adding a train control system to
an existing corridor, the costs of retrofitting the hypothetical corridors (see Section 2.3) have been
developed. Theestimatesare devel oped for two types of train control applications:

Intermittent ATS.
Continuous (coded track circuit) ACS/ATC.



Cab signalsalone (without ATC) are not costed because no.significant cost savingsare presented by
thisoption.

For each of these applications, the estimatesare devel oped for three levelsof improvement that may
be required, dependingon the local circumstances:

» Levd listhetotal cost per milefor asmpleretrofit of the waysidetrain control devicesto the
existing sgna system.

» Levd 2isthetota cost per milefor wayside train control retrofit and respacing of existing
signals, assuming existing signal equipment can be reused.

* Levd 3isthetotal cost per milefor waysidetrain control devicesinstalled together with anew
signa system.

The estimateshave been prepared for each of the corridor typesdescribed in chapter 2: CaseA,
Singletrack and passing sidings; Case B, Doubletrack ABS with passing zones at interlockings, and
CaseC, Doubletrack CTC. Each of these estimates assumesthat the basic signal systemisinstalled
to the level stated in the description of these casesin chapter 2 . Costsare not includedfor any

upgrade from one configurationto another that may be required to solve problemsof train
interference.

The estimatesarefor non-electrifiedrail lines; electrifiedlines may cause coststo be higher because
of the need to prevent el ectrical interference between the train control system and electrification
equipment. The estimatesarefor relatively uncongested corridors; highly congested conidors may
increasecostsaswell. Estimatesinclude construction costs and material costs plusarelatively
modest 22 percent factor to cover design engineering, construction management/agency costs, and
contingency. Table4-2 showsthe estimateson a per-milebasisin 1994 dollars. Costsfor each
locomotiveor power unit to be equippedare also shown; these on-board costsare additional to the
wayside costs. Thetraincontrol estimatespresented here are for conventional, off-the-shelf
technology as currently employed on U.S railroads. Costs for communications-basedtrain control
systemssuch asATCS may differ when these systemsare fully devel oped.

Table 4-2. Estimated Costs per Mile for Train Control Upgrades (see text)

ATS, intermittent

Level 1 $ 21,300 $ 40,000 $ 67,000
Level 2 172,300 201,000 275,000
Level 3 - _ 291,300 461,000 532,000
Per Equipped Loco 27,500 27,500 27,500
ACS/ATC, continuous

Level 1 $ 26,400 $ 50,000 $ 85,000
Level 2 177,400 219,000 302,000
Level 3 296,400 | 478,000 560,000
Per Equipped Loco 43,000 | 43,000 | - 43,000
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Note that the coststo equip the locomotivefleet with compatibletrain control equipment must be
separately computed based on thefleet size appropriatefor the application, including passenger and
freight locomotives.

411 IMPLICATIONS FOR INCREMENTAL HSR DEVELOPMENT

* Some sort of train control system is required to advance beyond 125 km/h (79 mph) operating
speeds. Any of the systems described in this chapter will satisfy the FRA requirements, with
intermittent ATS being the least expensivesystem. Asof the present time, speeds up to 175 km/h
(110 mph) may be achieved within the FRA track regulations. Speeds higher than 175 km/h (110
mph) requirea waiver or special approval on an application-by-applicationbasis which amount to
aconditional safety permit to operate at higher speedsthan those now encompassed by the
regulations. FRA may update its track safety standards to encompass operating speeds above 110
rnph in therelatively near future. It islikely that operationsabove 175 km/h (110 mph) would
requireafull ATC (universal speed contral) system in place, with positivespeed control of all
trainsin effect; i.e., no relief from the provisionsof 49 CFR 236.566, and all trains being
equipped at the highest train control level. Thisis now the requirementin the Northeast Corridor,
operating at 200 kmv/h (125 rnph), following the Chase, Maryland, accident in 1987. At some
point in the speed spectrum, positive speed control of civil restrictionsas well as route restrictions
may also become an FRA requirement.

* Movingblock technologies will not be required for many incremental corridorswheretrain
densitiesare not extremely high and very short headways are not required. Their usewill bein
specialized applications approachingrail transit densities.

* Somesort of ATCSapplication in the long run will undoubtedly take over many of thefunctions
performed by the more conventional signal and train control systemsdescribed here. In order to
maintain broken-rail protection, track circuitswill probably continueto be used in combination
with ATCS on passenger lines. As the pace of development of ATCS applications has been
relatively dow, as has the development of U.S. high-speed rail systemsand the safety regulations
they will operate under, it is prudent at thisjunctureto consider relatively conventional solutions
to meet the train control requirementsin implementing incremental HSR.

» Themajor drawbacksof train control systemsare their significant initial cost and their reputation
for high ongoing cost of maintenance. Systems, presently available, are of high reliability and
require modest operating costs. To date, the high cost of train control has been considered a
justifiable expenditure, required to meet the high safety performance expected of high-speed
passenger rail systems. However, it isto be hoped that present devel opment efforts on advanced
train control systems will result in lower cost systems able to meet high-speedrail performance
requirements.



5. SAFETY ANALYSIS OF PASSENGER TRAINS IN
FREIGHT RAILROAD CORRIDORS

51 INTRODUCTION

When the operation of higher speed and more frequent passenger train serviceson freight railroad
corridorsis proposed, two principal concernsare raised:

+ Thereisarisk of high-speed collisions and derailments, which could result in less-that-acceptable
safety performance.

» There will be operations conflicts between passenger and freight trains, potentialy leading to
unacceptabledelays to either or both classes of train.

This chapter and chapter 6 address the safety concerns, and analyze the optionsfor achieving
acceptablesafety performance with mixed freight and passenger service. The accident risksfaced by
passenger trainsoperating in freight corridorsare quantified, and estimates are developed for how
theserisks will change when a more frequent high-speed train serviceisintroduced, and when
additional safety measures such asimproved signal and train control systems areimplemented.

Higher speed passenger trainsoperating on freight railroad corridors are exposed to a variety of
accident risks that can broadly be grouped as follows:

» Collisionsbetween trains, usually caused by human error on the part of train crew or the
dispatcher, but also occasionally by signal system defects or other plant or equipment defects.

» Collisions between a passenger train and an obstruction on the track, including collisionswith a
derailed or defectivefreight train on an adjacent track.

* Derailment of a passenger train caused by a track or equipment defect, or by ahuman error such
as an incorrect switch setting or excessive speed.

* Collision of apassenger train with a highway user at a highway-railroad at-gradecrossing.

In addition, there are two other accident situations which do not normally threaten the safety of the
passenger train itself, but may be of significance when considering higher speed passenger operations
on freight railroad corridors:

» Personal casualtiesresulting from passenger train operations, other than in train accidents.

* Freight train accidents that do not involve a passenger train, but which could disrupt or delay
normal operations.

Before analyzing the need for safety improvementson rail freight corridors where high-speed
passenger rail servicesare under consideration, it is necessary to quantify the safety performanceof
passenger trainson freight railroad corridors under current operating conditions. Thisinformation
providesthe basisfor first estimating how safety performance could change with increasing train
frequency and speed, and then determining the need for additional safety measuresto maintain
acceptablesafety performance. Thischapter describes the analysisto quantify the present safety
performance of rail passenger services on freight railroad corridors.
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52 GENERAL APPROACH

Accident frequency and severity information is developed for each of the six accident situations or
scenarioslisted in Section 5.1. Calculating safety performanceby scenario providesaclear
understanding of the nature of safety threatsfaced by passenger trains operating in freight railroad
corridors, and the base datafrom which to estimate the changein safety performancewith higher
speed, and with the application of additional safety measures.

The safety performance of present Amtrak rail passenger servicesoperating over freight railroad
corridorswas selected as the baseline for thisstudy, as representativeof present operating conditions
on the Section 1010 corridors over which high-speed passenger servicesmay be implemented in the
future. Section 1010 corridorscan be characterized as follows, based on the data presented in the
Appendix:

*  Norma maximum speed of 127 km/h (79 mph), reducing to 95 km/h (59 mph) in some locations,
and lower speedsin station and terminal areas.

+ Track quality mostly FRA track class 4, with some class 3, class5, and class 6 (in the Northeast
and Empirecorridors).

+ Almogt all routes equipped with CTC or ABS.

+ Track having amix of welded and bolted joint rail on wood tieswith cut spike rail-tiefastenings,
with little use of concreteties and elastic rail-tiefastening systems.

Theanalysisis concerned with safety performance on main-linetrack. Passenger train accidents on
yard and siding tracks have not been analyzed, on the assumptionthat yard accident risks would not
be affected in any systematicway by theintroduction of high-speed train services.

The safety performance assessment utilized the accident datain the FRA Railroad Accident/Incident
Reporting System (RAIRS), containing railroad and highway-railroad grade-crossing accidents and
incidents, for the years 1986 through June 1993 [Refs. 21 and 22]. Since thefrequency of passenger
train accidentswhile operating on freight railroad tracksisrelatively low, the analysis of historical
accident data needed to cover aslong a period as possible, while still remaining representative of
present safety performance. The 7.5-year period, from 1986 to mid 1993, selected for analysis
reflectsthisrequirement. Since 1986, U.S. railroad accident rates have stayed approximately
constant, but were generally higher in earlier years. Passenger train-kilometer datafor this period on
and off the Northeast Corridor were obtained from Amtrak. Freight train-kilometer data were
obtained from the Analysisof Class| Railroads, published by the Associationof American Railroads
[Ref. 23]. Grade crossing inventory data were obtained from the VVolpe National Transportation
Systems Center.

These datawere used to derive accident frequency and severity, as defined below, for each of the six
accident scenariosfor passenger trains operating on freight railroad corridors:

» Accident Freqguency:  the number of accidentsoccurring for a specified amount of exposure to
the risk of an accident, such asthe average number of accidents per
million train-kilometers.
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* Accident Severity: the average number of casualtiesper accident and/or the average
property damage ($) per accident, as afunction of train speed and other
factors.

Descriptionsof typical accident causes and consequencesin each scenario are provided, obtained
from the short accident descriptionsgiven in the accident reports and the accident cause data
contained in theFRA databases.

In addition, analysisresultsare presented graphically to illustratespecific trends and support
hypothesesregarding the effect of speed and other parameterson accident frequency and severity.

5.3 DESCRIPTION OF ACCIDENT SCENARIOS

The six accident scenariosto which passenger trainsoperating in freight railroad corridors are
exposed are described below. The scenariosenabl e the separate characterization of accidents that
have distinctly different causes, severity of consequences, and applicable safety improvement actions.

5.3.1 Scenario 1: Train-to-Train Collisions

This scenario covers head-on and rear-end collisions between trains operating on the same track.

Such collisions tend to be the most seriousof train accidents, leading to severe consequences in terms
of human casualtiesand property damage. The causesof train-to-train collisions are predominantly
human error, for example afailureto obey signals and operating instructions, but occasionally are an
equipment failure, for example of asignal or braking system. The primary improvement to reduce
theincidenceof train-to-traincollisonsisto install an ATC system to warn or override the train
operator when signals or other instructionsare not obeyed.

5.3.2 Scenario 2: Collision with an Obstruction

This scenario coversall collisionswith obstructionsother than with another train on the same track.
Such obstructions can includedebris on the track, maintenanceand construction equipment, and an
intrusion of vehiclesfrom aderailed train on an adjacenttrack. Collisionsin this scenario tend to be
|ess severe than in the train-to-train scenari o because the massof the obstruction isless, or the
collisionisat an angle. The causesare very varied, and include severe weather, vandalism,
equipment failurein the case of aderailed train on an adjacent track, and human error in the case of
maintenance or construction equipment obstructing thetrack. Additional safety measuresto reduce
theincidence of obstructioncollisionsare similarly varied, and can includeintrusion or obstruction
detectors, barriers and fences, and train control enhancements, for exampleto reliably locate on-track
mai ntenance equi pment.

5.3.3 Scenario 3: Passenaer Train Derailment

In this scenario, a passenger train leaves the track without the involvement of another train or an
obstruction on the track. The usual causesare a mechanical failure of a vehicle component such asa
whed or bearing, afailure of a track component, or human error in the form of excessive speed. The
consequencesof derailment accidentsare highly variable, particularly depending on the immediate



surroundingsof the track at the derailment location. Additional safety measures to reducethe
incidence of derailmentsinclude enhanced inspection and fault detection systems, and improved train
control systemsfor overspeed accidents.

534 Scenario 4: Hiahwav-Railroad Grade Crossing Collision

This scenario coversall collisionsbetween a train and a highway user at a highway-railroad grade
crossing, irrespective of whether the collision resultsin significant damage or casualtieson thetrain
or not. The cause of highway-railroadgrade crossing collisionsis amost aways afailureof the road
user to obey warningsor exercise adequate caution at the crossing. However, restricted visibility of
the railroad right-of-way, traffic congestion in the vicinity of the crossing, and an uneven highway
surface can contributeto accident risk. The consequences of highway-railroad grade crossing
collisionsare severefor the road user but normally minor for thetrain. The exceptionsare when the
highway vehicleisatruck carrying a hazardous material, or when the highway vehicleis
exceptionally heavy. Additional safety measuresto reduce highway-railroadgrade crossing collisions
includeimproved warning systemsand bamers, and systems to warn an approaching train of an
obstructed crossing.

5.35 Scenario 5: Personal Casualties

This scenarioisthefirst of two accident scenarios that do not involve an accident to passenger trains,
but are of significancewhen planning higher speed passenger serviceon a freight railroad corridor.
The scenario coversall personal injuriesand fatalities directly attributable to passenger train
operations, except thosein highway-railroad grade crossing collisions. Such casualtiesinclude
personson the right-of-way that are hit by a moving passenger train, and passengersor train crew
who become casualtiesin an event other than atrain accident. By far the most prevalent type of
accidentin this scenarioisa person struck by a moving train whiletrespassing on the railroad right-
of-way. Additional safety measuresto reduce personal casualtiesinclude security fencingat high-risk
locations, and education programsin communities along passenger train routes.

5.3.6 Scenario 6; FreiahtTrain Accident

This scenarioisthe second of two accident scenarios that do not involve an accident to a passenger
train. Anaccident only involvingfreight equipment is not necessarily athreat to the safety of
passenger operations. |n most cases, a passenger train will be warned of a potential danger before
reachingan accident location. Those cases where the passenger train is not warned, and a collision
with derailed equipment occurs, are covered in Scenario 2. However, such a derailment will typically
block operationsfor several hourswhile thewreck is cleared, and severely disrupt normal passenger
service even when thereis no direct passenger train involvement. Thisdisruptionisaform of
interferencebetween freight and passenger service that may impact the quality of passenger service.
The causesof freight train accidentsare thefull range of track defects, equipment defects, and human
errorsmentioned in the descriptionsfor accident scenarios 1 through 4. 1n most cases, the additional
safety measures proposed to reduce the incidence of passenger train accidents will also reducethe
incidenceof freight train accidentson the same route.



54  ANALYSIS OF ACCIDENT DATA

This section describes the analyses performed for each accident scenario to quantify accident
frequency and severity, and to characterize the operating environment in which the accidents
occurred. The subsectionsfor each scenario contain a description of the data sourcesused, aswell as
graphsand chartsillustrating results.

5.4.1 Scenario 1: Train-to-TrainCollisions

54.1.1 Data Analysis

The datafor thisscenario comprise the total number of freight-trainto freight-traincollisions,
passenger-trainto freight-traincollisions, and passenger-train to passenger-traincollisions (head-on or
rear-end typesonly) that occurred on mainline track operated by freight railroads. Accidentson track
operated by Amtrak and commuter railroads were excluded as potentially unrepresentativeof the
safety performanceof passenger trains on afreight railroad corridor. Routes operated by Amtrak and
commuter railroads, such as the Northeast corridor, are characterized by dense passenger traffic, a
high-performance ATC system, and little freight traffic. These characteristicsare very different from
afreight railroad corridor.

The data gave thefollowing breakdown of head-on and rear-end collisions on mainlinetrack during
the study period of 1986 to June 1993:

freight-train to freight-train collisions: - All track classes 221
- FRA Class4 74
passenger-traincollisionswith a freight- or passenger-train 4

There aretoo few passenger train collisions to yield ameaningful value for accident frequency.
Therefore, thefreight train collision frequency for FRA track class 4 was used as the estimatefor
passenger train collision frequency. Sincecollisionsare primarily aresult of human error, rather than
track or equipment failure, there should be no significant differencein accident frequency between
freight and passenger trains. However, it isrecognizedthat special careisnormally exercisedin
operating passenger trains, which could result in alower incidence of human error accidentsthan with
freight trains under similar operating conditions. FRA track class 4 was selected because it most
closely correspondsin signal system type and traffic density to routes used by passenger trains.

The collision datawere broken down by FRA track class(1 to 6) and within each track class by traffic
density in million grosstons per year (MGT/yr) and signal system grouping. Thetraffic density and
signa system breakdownsare used to illustrate the operating environment on each track class.

Figure 5-1 shows the distribution of freight-train to freight-train collisions by track class.
Approximately two-thirdsof the collisions between freight trains occurred on track classes3 and 4.
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Figure 5-1. Distribution of Freight Train-to-Train
Collisions by FRA Track Class

Five signal system groups represent the hierarchy of traffic control systems used on both freight and
passenger routes. Accident counts were obtained by signal system type, providing an approximate
indication of the types of train control systemsused on each track class. Thefivesigna and train

control groups are as follows:
Group 1. Cab signal, automatictrain control, and automatic trainstop systems.

Group 2. Centralized traffic control in combinationwithany other system not contained in
group 1.

Group 3. Automatic block signaling in combination with any other system not contained in
groups 1 and 2.

Group 4. Interlocking or manual block signalsin combinationwith any other system not
containedin groups 1, 2, and 3.

Group 5. Any signal system not contained in groups 1, 2, 3, and 4.

Figure 5-2 showsthe distribution of freight train collisionsby signal system group within each track
class. Incoallisionson track classes 1 and 2, the predominantsignal system isgroup 5 (i.e., train
orders, timetable, radio, and verbal permission), which have more human interaction and thus a
higher risk of accidents. In the collisionson track classes 3 and 4, the predominant signal systemsare
groups2 and 3 (e.g., CTC and ABS). Theremaining one-third of the collisionson track classes 3 and
4 occurred on track equipped with groups4 and 5 signal systems(e.g., manua block, interlocking,
timetable, and train orders).
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Figure 5-2. Distribution of Freight Train-to-Train Collisions by
FRA Track Class and Signal SystemType

Figure 5-3 showsthe distribution of the freight train collisions by traffic density within each track
class. Ingeneral, higher traffic density means a greater number of meets and passes, thereby
increasing the risk of collision. However, the analysis shows no clear trend in accident distribution by
traffic density or track class. Possibly, the higher risksat higher traffic densities and higher speeds
are offset by the use of higher performance signaling and train control systems.
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Figure 5-3. Distribution of Freight Train-to-Train
Collisions by FRA Track Class and Traffic Density



5412 Accident Frequency

Accident frequency is measured by the number of trainsin collisionsper million train-kilometers, for
which an estimateof accident exposure as measured by the number of train-kilometersoperatedis
required. Sincethe estimate is based on freight train collisionson FRA class 4 track, theexposureis
the number of freight train-kilometers operated on class 4 track. During the 7.5 year study period,
Class| freight railroads operated atotal of 5294 million train-kilometers (3282 million train-miles) on
mainlinetrack, while Amtrak operated a total of 286 million train-kilometers (177 million train-miles)
on freight railroad tracks(i.e. off the Northeast Corridor and commuter railroads).

Thereisno readily available sourcefor the distribution of railroad traffic by track class. The best that
can bedoneisto makean estimate from indirect or incompleteinformation. Two published sources
give an estimated breakdown of freight train-kilometersby track class[Refs.24 and 25]. Both
indicate that the percentageof train-kilometersoperated on class 4 track is between 65 and 70
percent. More recent unpublished information suggests a somewhat lower figure, in the region of 60
to 65 percent, would be representativeof current conditions. Assuming that 65 percent of freight
train-kilometersare on FRA class4 track, the estimated frequenciesfor freight train collisions on
FRA class4 track isasfollows:

Freight-trainto freight-train 0.022 collisions/million train-km.
collisons: (0.035 collisions/million train-miles)

Sincetwo trainsareinvolvedin each collision, the frequency with which an individual trainisin a
collisonisasfollows:

Freight trainsin collisons 0.043 collisions/million train-km
on FRA class4 track: (0.069 collisions/million train-miles)

Thefrequency of trainsin collisionsinvolving passenger trains can similarly be calculated from the
passenger train-km operated and the number of collisions.

Collisionsinvolving passenger 0.014 collisions/million train-km
trains on freight railroads: (0.023 collisions/million train-miles)
Trainsin collisonsinvolving 0.028 collisions/million train-km
passenger trainson freight railroads: (0.045 collisions/million train-miles)

Given the very small sampleof only four passenger train collisions, there can be only limited
confidence in these frequency values. Thefiguresderived fromfreight train dataisjudged to be more
reliable, and is used in subsequent analysis.

5413 Accident Severity

Theseverity of freight-trainto freight-train collisions, indicated by total property damage (equipment
plustrack) per accident, has been plotted by train speed rangein Figure 5-4. Thisplot showsatrend
of increasing average damage per accident with speed. Thedrop in averagedamage in the 51 - 60
mph speed range may bedueto alack of observations. Overall, the average property damage per
accident for this scenario, which involves head-on and rear-end collisions, is much higher than the
average damage per accident for other typesof collisions, underscoring the severity of this type of
accident. Of the two damage categories, equipment damage far exceedsthe damage to the right-of-

way.

5-8
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Figure 5-4. Total Property Damage/Accident in
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Damage Per Accident

Thefour passenger train collisionsall occurred at low speed (32 km/h (20 mph) or less), and none
caused extensivedamage. All appeared to have occurred during switching movementsand were
caused by ahuman error in transmitting or observing operating instructions.

5414 Accident Causes

The principal causes of freight train-to-train collisionson FRA class4 track arefailure to obey signals
and operating instructions(approximately 30 percent), employee condition (25 percent), errorsin
brake operation (15 percent), excessive speed (10 percent), and various equipment failures(10
percent). Signal and communicationsystem failures account for fewer than Spercent of collisions.

5.4.2 Scenario 2: Other Collisions

54.2.1 Data Analysis

Thedatafor thisscenariois contained in two files. Thefirst file contained ' other collisions” for
freight trains occurring on mainlinetrack throughout the U.S. rail system, including the Northeast
Corridor. The second file contained* other collisions™ for intercity passenger trains occumng on
mainlinetrack both on and off the Northeast Corridor. Both filescover the period 1986 to mid 1993,
and were obtained from the FRA’s RAIRS database.

Anaysisof thedatafilesyielded the following breakdown of **other collisions™ (e.g., side, raking,
broken train, and with obstructions) that occurred on mainline track during the study period:



Freight-train** other collisions,” al track classes: 443
Freight-train ™ other collisions,” FRA track class 4: 146
Passenger-train " other collisions” on freight railroads: 42

The distribution of " other collisions™ by track class is shownin Figure 5-5 for freight trains, and
Figure 5-6 for passenger trains. The vast majority (62 percent) of passenger train collisions occurred
on Track class 4, the standard condition on the freight railroads that permits passenger train speeds up
to 79 mph.
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5422 Accident Frequency

The frequency of " other collisions” for freight and passenger service was calculated from the number
of accidents using the train-kilometer datagiven in section 5.4.1.2:

All freight train "' other collisons": 0.084 accidents/million freight train-km.
Freight train " other collisions™ on 0.068 accidents/million pass. train-km.
FRA Class4 track:

Passenger train™' other collisions" 0.147 accidents/million pass. train-km.

on freight railroads:

The higher incidence of passenger train'* other collisons” is likely due to the typically higher speed of
passenger trains; a given obstruction will cause more damage, and the event ismore likely to be
reportable as an accident to the FRA. Also passenger equipment repair costs aretypically higher than
for freight equipment, again making it morelikely that agiven collisionis reportable as an accident.

54.2.3 Accident Severity

The severity of freight train™* other collisions,” measured by total property damage (equipment plus
track) per accident, is plotted by train speed in Figure5-7. The amount of damageincreases as speed
increases up to 50 mph but reduces at higher speed. Thereason for the reduction in damage beyond
50 mph may beadistortion attributableto a smaller number of accidentsin the higher speed groups,
but also may bedue to a changein the nature of accidentsat higher speeds. Further study would be
necessary to properly understand this effect.
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Figure 5-7. Variation of Property Damage by Speed
for Freight Train "Other Collisions"



Figure 5-8 showsthat average property damage per accident for passenger trainsoperating on freight
railroadsvarieslittle with speed, except in the lowest speed range. One of thefive accidentsin the0-
10 mph range had $206,000 in damages, resultingin a high average value. One explanationfor the
lack of variationin damage with speed may be that higher-speed operations take placeaway from
urban areas, where there are fewer yards, sidings, and switching activities to produce significant
hazards.
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Figure 5-8. Variation in Property Damage by Speed
for Passenger Train "Other Collisions"

5424 Accident Causes

A sampleof ""other collisions'™ occurring on freight railroad tracks was reviewed to determine the
distributionof accident descriptions. The samplecontained only those accidentsthat occurred on
FRA track class 4, where most Amtrak intercity trains operate on freight railroads. Theresults
showed the followingdistribution of typesof obstruction hit by a passenger train:

Debrison thetrack, including rockfalls, and objects placed by vandals 33%
Other equipment (trucks, forklift, etc.) fouling the mainline 25%
Maintenance-of-way equipment fouling the mainline 17%
Derailed or not-in-clear freight trains on adjacent track 17%
Freight car or other loose/shifted equipment that was fouling the mainline 8%

5.4.3 Scenario 3: Passenaer Train Derailments

5431 Data Analysis

Thedatafor this scenario contained Amtrak passenger train derailments that occurred on mainline
track on freight railroad corridors. Commuiter rail derailmentswere excluded. Theanalysisyielded
48 Amtrak passenger train derailments during the study period.



54.3.2 Accident Frequency

During the 7.5 year study period, Amtrak operated a total of 286 million train-kilometers (177.02
million train-miles) on freight railroad mainline tracks. Therefore, passenger train-derailment
frequency on freight railroad track is estimated to be 0.168 derailments/million train-km.

A distribution of the 48 derailments by track class is shown in Figure 5-9. Since most Amtrak train-
kilometers on freight railroads are accumulated on FRAtrack class4 or higher, one would expect that
most of the derailments would be on thesetrack classes. However, about 40percent of the accidents
occur on FRAtrack classes 1 and 2. Clearly, low-speed derailments on lower quality track are a
feature of present passenger train operations on freight railroad track. A more detailed examination of
thetrack class 1 and 2 accidentsis provided in section 5.4.3.4.
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Figure 5-9. Distribution of Passenger Train Derailments
on Freight Railroad Track by FRA Track Class
54.3.3 Accident Severity

The severity of Amtrak passenger train derailments was computed as the average property damage
(equipment plus track) per accident, and plotted by train speed group as shown in Figure 5-10. The
results showed a sharp increase in average cost at 40 mph, but no significant trend above and below
this point.

5-13
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5434 Accident Causes

Of the 48 reported derailments over the 7.5 year study period, 19 occurred on track classes1 and 2.
The accident description and cause codes were examined to gain additional insight into the causes of
these derailments. The descriptionsof the low speed derailmentsindicated the following:

» 42 percent involved splitting the switch at crossovers due to worn/gapped pointsor excessive

Speed.
« 21 percent were due to other track-related defects, including wide gauge, brokenrail, and rolled
over rail.

» 21 percent involved reverse movesof the trainset over a switch to wye the train.

* 16 percent were due to other causes such as debris/equipment fouling the track, snow/ice buildup
on switches, and train emergency braking at red signal.

The majority of theselow-speed derailments (84 percent) were attributableto switch and track-related
defectsthat are potentially preventableby improved track maintenance.

The causes of derailment accidentson the higher class tracksare approximately evenly distributed
between track defects, equipment defects, human errors, and miscellaneous causes such as vandalism.
The accidents also take place at higher speedsand are much more damaging.



544 Scenario 4: Hiahwav-Railroad Grade Crossina Collisions

544.1 Data Analysis

The datadevel oped for this scenario were obtained from the highway-railroad portion of the RAIRS
database, and covered passenger highway-railroad grade crossing collisions occurring on freight
railroad mainline track that involved Amtrak intercity trains. Commuter trainswere excluded. A
subset of these grade crossing collisions also involved damageto railroad plant and equipment and
passenger casualties above the reporting threshold, and, as such, was the subject of a rail equipment
accidendincident report.

During the period of 1986 through June 1993, there were a total of 1,111 grade crossing accidents
involving Amtrak intercity passenger trains operating on freight railroads. A total of 161 of these
accidentsresulted in damage to the plant and equipment above the reporting threshold, requiring a rail
equipment accidendincident report to be filed.

5442 Accident Frequency

The frequency of grade crossing collisions was calculated in terms of the number of collisionsper
million times a train passes over agrade crossing. In order to computethe accident exposurefor this
scenario, it was necessary to determine the average number of grade crossings per route-kilometer
along corridors where Amtrak currently operateson freight railroads. The national averageof grade
crossings per mile from the DOT/FRA National Rail-Highway Grade Crossing Inventory, and from
the 1010 corridor data was used to obtain the exposure estimate of 0.6 grade crossings per route-
kilometer (1.0 grade crossings/route-mile). Multiplyingby the total number of passenger train-
kilometersoperated on freight railroads during the study period yielded 177 million rail-highway
grade crossing passes per year. The resulting accident frequencieswere:

« 6.3 accidents per million grade crossing passesfor all grade crossing accidents.

» 0.91 accidents per million grade crossing passesfor accidentscausing rail equipment and track
damages exceeding the FRA reporting threshold.

Figures 5-11 and 5-12 show the distribution of the 1,111 grade crossing accidents and the 161 more-
severe grade crossing accidentsby speed group. Asshown, the majority of the accidentsin both cases
involve passenger train speedsin the 65 to 130 km/h (40 to 80 mph) range with the highest number
occurringinthe 115 to 130 kmv/h (71 - 80 mph) group. The most common speed limit for Amtrak
trainson freight railroad track is 127 km/h (79 mph). It can aso be seen that the percentage of grade
crossing accidents that cause sufficient damageto be reported astrain accidentsincreasesfrom less
than 5 percent at speeds below 50 km/h (30 mph) to 25 percent between 115 to 130 km/h (71 to 80
mph).
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5443 Accident Severity

Figure 5-13 shows that the average number of casualtiesper accident increases with speed.
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Figure 5-14 depicts the average total railroad property damage (rail equipment plus track) per
accident by speed range, showing that property damages increasesas speed increases. Sincethere
were few accidents in some speed ranges, the results can be strongly influenced by one or two
extreme cases. For instance, between 50 and 65 km/h (31 and 40 mph) therewereonly six accidents,
but one accident caused $750,000 in property damage, resultingin a high average property damage of
$213,482 per accident.
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5444 Accident Causes

A sampleof 73 of the 161 grade crossing train-accident reportsfiled by Arntrak were randomly
selected to examinethe narrative descriptionof the accident. Nearly two-thirds (66 percent) of these
accidentswere attributed to the driver of the highway vehicle failing to stop at the grade crossing and
either being hit by thetrain or running into the side of the train, apparently at crossingsthat lacked
automatic gates. Another 22 percent of these accidents were a result of a stalled, disabled, or
abandoned vehiclefouling the crossing being hit by a passenger train. The remaining 12 percent of
these accidentswere attributed to the driver of the vehicle running around or through crossing gatesin
the down position.

545 Scenario5: Personal Casualties
5451 Data Analysis

Thedatafor this scenario was developedfrom the injury and illness datain the RAIRS database, and
includesonly Amtrak passenger trainsoperating both on and off the Northeast Corridor. The data
have not been segregated by type of railroad (passenger or freight) where the casualty occurred. The
database included both injuriesand fatalities, which were broken down into the following categories
describing the type of person and accident:

»  Passengers boarding, on-board, and de-boarding passenger trains.
» Employeeson duty hit by moving passenger train egquipment.

» Contractors hit by moving passenger train equipment.

» Non-trespassers hit by moving passenger train equipment.

»  Trespassers hit by moving passenger train equipment.

Casualties having causes other than those listed above are not included. The resultsof analysis are
shownin Table5-1. Thetotal number of injuriesand fatalities occurring in the 7.5 year period for
each category of person are given in the first two columns. The totals include casuatiesoccumng in
reportabletrain accidentsas well asthose incurred in other types of incidents. Thethird and fourth
columnsin Table 5-1 give casualty frequenciesin terms of injuriesand fatalities per million train-
kilometers. For comparison, corresponding freight train casualty frequenciesare given in columns
fiveand six.

The comparison of the passenger and freight casualty frequencies shows nearly identica frequencies
for employees on duty and contractor personnel. 1n both cases, these personnel receive safety training
regarding working along or on the right-of-way, and usually are in radio contact with dispatchers
about approachingtrains. Asindicated in the table, freight railroads report some passenger casualties,
presumably arising from commuter servicesoperated under contract, or excursion or dinner train
operations.

Thetotal number of reported passengerinjurieson freight railroads for the 7.5 year period was 808
versus 1,397 for Arntrak intercity service. Thisvalue appearshigh, but it should be noted that the
period reviewed contained a seriousexcursiontrain derailment (on the Norfolk and Western RR) with
over 200 injuries.

Casualtiesto non-trespassers(e.g., bystanders not on railroad property, visitors to the railroad, and
FRA inspectors) are only slightly higher for passenger train service relative to freight train service.



Table §5-1. Personal Casualties in Train Operations

Passengers 1397 50 3.61 0.129 N/A* N/A*
Employees 70 2 0.181 0.005 0.174 0.006
Contractors 3 2 0.008 0.005 0.006 0.003
Non-Trespassers 16 21 0.041 0.054 0.025 0.012
Trespassers 165 387 0.426 1.00 051 0.55

N/A*:  Under FRA accident reporting procedures, casualties in passenger train accidents on freight railroads, other than
in Amtrak operations, are reportable by the freight railroad. There were five fatalities and 808 injuries reported by freight
railroads in the period analyzed, occurring in commuter and excursion train operations. Casualty frequency could not be
calculated because corresponding train-km data were not available.



The frequency of trespasser fatalitiesdue to passenger train operationis nearly doublethat for freight
trains. Thisismost likely due to the higher speed of approaching passenger trainswhich reduces the
time that the trespasser has available to get out of the way of the train.

545.2 Accident Causes

An analysisof the occurrence codesin the RAIRS databaseyielded the following results for
passenger casualties.

A breakdown of the 50 fatalitiesto Amtrak passengersis shown in Figure 5-15. Approximately three-
quartersof the fatalities were in train accidents (collisions and derailments), with the remainder being
due primarily to slipping, falling, or jumping from moving equipment.
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Figure 5-15. Causes of Passenger Fatalities in Amtrak Operations

Figure 5-16 gives the breakdown of the 1397 passenger injuries by cause. Slightly over haf of the
injuriesoccur in reportable train accidents. Of the remainder, about 20 percent involved doors and
other interior equipment, and another 20 percent comprised varioussipping and falling incidents.

All theother casualties listed in Table 5-1 are due to persons being struck by moving equipment in
passenger train operations. Other casualty causes have not been examined.
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Figure 5-16. Causes of Passenger Injuries in Amtrak Operations

5.4.6 Scenario 6: All Freiaht Train Accidents

Thedatafor this scenario were devel oped from the FRA RAIRSdatabase, and includeall types of
freight train accidentsoccurring on mainlinetrack.

This scenario was analyzed to indicate thedelay potential due to freight train accidents temporarily
blocking mainline track where passenger trains operate; and to estimatethe risk of adjacent track
encroachment accidents. Thefrequency measure used is the number of accidents per million freight
train-kilometersby track class.

Theanalysis of the databaseyielded atotal of 7581 accidentsinvolving freight trains on mainline
track during the study period. Figure5-17 givesadistribution of these accidentshy track class.
Approximately 29 percent of the accidentsoccurred on track class4. Totd freight railroad train-
kilometersfor the 7.5 year study period were 5294 million (3282 million train-miles) and it is
estimated that 65 percent of train-kilometersare operated on FRA class 4 track (from section 5.4.1.2).
Thus, freight train accident frequency on class 4 track is approximately 0.7 accidentsper million
freight train kilometers. Approximatefreight train accident frequencies have also been estimated in
the same way for FRA track classes 2, 3, and 5 and are shown in Figure 5-18. The assumed
distribution of freight train miles by FRA track classis5 percent for class 2; 15 percent for class 3;
and 15 percent for class 5. Train mileson class 1 track are assumed to be small, lessthan 1 percent.
It must be emphasized that this distribution is based on sketchy dataand must be regarded as
indicative of only the order of magnitude of accident frequency variations.
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5.5 SUMMARY OF ACCIDENT DATA

Table 5-2 summarizesthe accident frequencies and severitiesfor each of the six accident scenariosas
discussed above. It isemphasized that these data are for long-distance passenger trains on freight
railroad corridors under current operatingand infrastructure conditions, as follows:

Typical maximum speed of 127 km/h (79 mph).

Track quality FRA class 4.

CTC or ABSsignal system.

Welded or bolted joint rail fastened to wood ties by cut spikes.

With the exception of train-to-traincollisions, al the data derive directly from the safety performance
of Amtrak passenger trainsoperating on freight railroads. There were too few passenger train train-
to-train collisionsto yield meaningful accident data, so freight train collision data on FRA class4
track are used as the best available source of an estimate.

It isalso emphasized that these data are national averages over several years. The actual accident
record in a specific corridor can vary significantly from the average as afunction of loca conditions,
and could also vary substantially from year to year. In particular most passenger casualties, especially
fatalities, occur in afew seriousaccidents. Casualty frequencies, therefore, are very dependent on
whether the time period sel ected for analysisincludesany very serious accidents.

Toillustrate what kind of safety performancewould be expected in atypical corridor under present
infrastructure and operating conditions, total accident occurrence and railroad property damagein a
one-year period have been calculated for the following corridor:

Length 500 km (310 miles).

Passenger service: 24 trainsweekdays, and 20 trainsweekends and holidays.
Freight service averaging 10 trains daily.

250 highway-railroad at-grade crossings.

Annual train-kilometers:

— Passenger: 4.2 million

— Freight: 1.75 million

Annual passenger-kilometers, assuming a train capacity of 350 seats and a 50 percent load
factor, are 726 million (equivalent to 450 million passenger-miles).

Accident frequenciesfrom Table 5-2 have been applied to the total annual train miles given above to
yield the estimateof accidentsto passenger trainsshown in Table 5-3 and the pie-chartsin Figure 5-
19.

The pie chartsin Figure 5-19 show the distribution by scenario of accident numbers and damage to
railroad plant and equipment. Overall, the estimated accident occurrence is for dightly over three
reportable passenger train accidentsand thirteen grade crossing collisionsinvolving passenger trains
per year. The estimated number of freight train accidentsin one year is 1.2.
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Table 5-2. Summary of Estimated Passenger Train Accident Frequencies and Severities on Freight Railroad Track

Passenger Scenario 1: Train-to-Train *0.043 trains in collisions per million *$300,000 per train in collision
Train Accidents train-km
Accidents Scenario 2: Collisions with 0.147 collisions per million train-km $80,000 per accident

Obstructions

Scenario 3: Derailments 0.168 derailments per million train-km | $455,000 per derailment

Scenario 4: Rail-Highway
Grade Crossing Collisions

All Collisions 6.3 per million crossing passes 0.49 casualties per accident
?ggﬁlzggigieenqgrtable as 0.91 per million crossing passes $86,000 per accident
Train-movement personal casualties, except at rail- injuries Fatalities
highway grade crossings
Passengers (train accidents and
other incidents) 3.61 0.129
Per million train-km ) )
Per billion passenger-km 19.6 0.7 NOt
(0.5 in train Applicable
accidents)
Employees/contractors/non-
trespassers, per million train-km 0.23 0.064
Trespassers, per million train-km 043 1.00
All Freight Train Accidents on FRA Class 4 Track 0.7 per million freight train km Not Analyzed

*Derived from data for freight train collisions on FRA Class 4 track. Passenger train collisions too few to yield meaningful data.
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4 Other
 Collisions

Accident Distribution
Total 3.4 Accidents

Train-‘to-train
Collisions

Other
Collisions

Railroad Property Damage
Total $580 thousand

. Estimated Total FRA reportable passenger train accidents in one year on a hypothetical 500 km (310 mile) corridor

24 trains/day on workdays
20 trains/day on weekends and holidays

* Assumed service

Figure 5-19. Distribution of Passenger Train Accidents and Damage Costs on Hypothetical Corridor



Table 5-3. Estimated Accidents in One Year on a Hypothetical
Freight Railroad Corridor

Trains in Train-to-train collisions 0.18 53
Other collisions 0.61 49
Derailments 0.70 314
Gradecrossingcollisions
- All collisions 13.0 -——
- Reportableastrain accidents 1.9 162
Total, All Reportable Train Accidents 3.4 580

The estimated number of personal casualtiesattributableto passenger train operationsin a one-year
period are shown in Table 5-4, derived from the passenger train per sonal casualty frequenciesgivenin
Tables-1. Casualtiesattributableto freight train operationsare not included.

Table 5-4. Estimated Personal Casualties in One Year on a Hypothetical Freight
Railroad Corridor Attributableto Passenger Train Operations

Passengers (in both train and other 15 0.5
types of accident)

Employees, contractors, non- 1.0 0.3
trespassers

Trespassers 1.8 4.2
Highway users at grade crossing 5.0 1.3
Total, all Casualties 22.8 6.3

5-26



To put the estimated fatality figuresinto context, the fatality frequency per passenger kilometer
derived from the figuresin Table 5-4 can be coinpared with equivalent data from other modes of
transportation, and other railroad accident studies. Using the passenger kilometer data estimate
above, theimplied fatality frequenciesare approximately 0.7 per billion passenger-kmfrom all
causes, and 0.5 per billion passenger-km in train accidents. This result can be compared with a
previous analysis of passenger train safety [Ref. 13] which quotesafrequency of 0.35 per billion
passenger-kmfor U.S. intercity rail, using data from adifferent time period. Approximatefatality
frequenciesfor other modes are 6 per billion passenger-kmfor motor vehicle occupants, 1 per million
passenger-kmfor commuter air carriers, and 0.2 per billion passenger-kmfor largeair carriers.
European railroad fatality frequenciesarein the rangeof 0.2 to 1.2 per billion passenger-km.
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6. EVALUATION OF SAFETY IMPROVEMENTS

This chapter provides an analysis of the safety impacts of higher passenger train speeds on freight
railroad corridorsand the effectiveness of safety-related improvementsin reducing the incidence of
passenger train accidents.

6.1 SAFETY IMPACTS OF HIGHER SPEEDS

There are two potential impactsof higher speedson passenger train safety performance: an increase
in accident frequency and an increase in accident severity.

With regard to accident frequency, some typesof accidents could occur more frequently when
passenger train speed is increased without changing any of the signal and track installations on the
route over which the train operates. For example, vehicle-track forces could increase, leading to more
frequent track failures; or there could be more human errors due to the reduced time for operatorsto
respond to signal indicationsand other instructions. However, higher speed trainsare typically
designed not to exert higher forces on the track than conventional trains, and have improved braking
and other systemsto ensure compatibility with the infrastructure over which they will operate.
Therefore, any increase in accident frequency specifically due to increased speed islikely to be small.

There may be an increase in accident frequency dueto increased traffic density on a corridor. The
introduction of higher speed passenger trainsis typically accompanied by an increasein the number
of services operated each day. The larger number of passenger trains, in turn, meansarelative
increasein the number of meets and passes, and occasions when a passenger train passes afreight
train on an adjacent track. Thus, the higher traffic density may bring a greater relative exposure to
risksof train-to-traincollisionsand " other collisions,” such aswith a derailed freight train or a shifted
load.

With regard to accident severity, there is no question that operating at higher speed increasesthe
severity of any given accident. The accident severity data presented in chapter 5 isnot very helpful
for establishinga speed-severity relationship. Thereisno clear trend of higher damage as speed
increases, possibly because the mix of accident risksto which trainsare exposed altersas speed is
increased.

An alternativeapproach to estimating the severity effects of speed isto assumethat the damage in an
accident is proportional to the energy dissipatedin the accident. While accident dynamicsare
complex, a reasonabl e approximation might be that damage and the potential for casuatiesin train
accidentsare proportional to the square of speed of the passenger train. Using thishypothesis, the
following reductionsin train accident incidence would be needed to maintain an equival ent saf ety
record at higher speeds, assuming a base case of 127 km/h (79 mph) operation:

Speed km/h (mph) Reductionin Accidents

145 (90) 23 percent
175 (110) 48 percent
200 (125) 60 percent
240 (150) 72 percent
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However, it israrely possible to operatea maximum speed throughout a comdor: typically,
maximum speed will be achievableover only 50 to 75 percent of a route because of curves and other
factors, with the balance operated at lower speed. Also, improved crashworthinesswhich is normally
afeature of high-speedtrain design, will serve to reduce the number of casualtiesin an accident.
Another factor is that an accident record consisting of a smaller number of more severe accidents may
be less publicly acceptable than one with alarger number of |ess severe accidents. Thisfactor would
tend to increase the need to reduce accident frequency, especialy at the highest speeds between 200
and 240 km/h (125 and 150 rnph). Overall, areductionin accident frequency of the order of 30 - 40
percent may be desirablefor speedsof 175 km/h (110 mph) and of 60 - 80 percent for speeds
exceeding 200 km/h (125 rnph).

It isemphasized that these estimates of desirablereductionsin accident frequency are very
approximate, and are presented with the ideaof indicating the rough magnitudeof improvement
needed, rather than as an exact specification of safety requirements. The precise requirementsfor a
specific corridor should be the subject of analysisusing actual planned speeds and operating
conditions.

6.2 IDENTIFICATION OF ACCIDENT PREVENTION MEASURES

The need to reduce the frequency of accidents with increasing speed means that additional safety
measures must be implemented on any comdor over which higher speedsare planned. It is necessary
to identify additional safety measureswhich are potentially applicableto afreight railroad comdor,
and to estimate the benefit provided by each measure. Thisinformationcan then be used to determine
what improvementsare needed to meet safety goalsfor agiven passenger train operation.Some safe

y measures are mandated by current FRA safety regulations, such asthe installation of automatic

train control or an equivalent system where speeds exceed 127 km/h (79 rnph), and track upgrades
0 meet the requirementsof the track safety standards. Other measures have been applied on the No

theast Comdor between Washington and Boston for operationsat 200 km/h (125 rnph), such asa
enhanced ATC system and morefrequent track inspections. Further sourcesof candidate safety me
sures are practices adopted on foreign high-speed operations, such as those in France, Germany,

nd Japan.This sect

on describes the additional safety measures, selected from areview of U.S. and international practice,
for which the benefit in terms of a reduced frequency of accidentsof each type are estimated.
Seventeen improvements have been identified, some of which are mutually exclusive and others of
which can be used in combination, asindicated in the notes below.

6. Sianal and Train Control Upgrades

Three levelsof signal and control system upgrade have been defined, assuming the base case to be
ABS or CTC. Improved signa and train control systems primarily reducethe number of human error
accidents, especially errors by thetrain operator.

1. MninumFRA ATC. A system having the minimum capabilitiesneeded to comply with the FRA
requirementsfor operations between 130 km/h (80 mph) and 175 kmvh (110 rnph). As described
in chapter 4, such systemsinclude automatictrain stop, automatic cab signals, and automatic train
control. Thereis no requirement for all trains operating on the equipped route to have identical
systems, but all must be ableto respond to the wayside equipment. Waivers have been granted by
the FRA to alow unequipped trainsto operate in some routes.
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2. Northeast Corridor ATC.An ATC system as currently installed on the Northeast Corridor
between Boston and Washington. All trains operating on the corridor must be equipped with cab
signals and continuous automatic speed control so that the safe speed for the signal indication
cannot be exceeded. No exceptionsare allowed.

3. Advanced ATC. An advanced ATC system such as that proposed for the Boston - New York
segment of the Northeast Corridor. The principal differences with the present Northeast Corridor
ATC arethat permanent and temporary civil speed restrictionsare enforced aswell as signal
indications, and an absolute stop isenforced at interlockings.

The threetrain control safety improvementsare mutually exclusive. Only one of the three can be
applied to a given route segment.

6.2.2 Defective Equipment Detectors

There are three typesof defective equipment detectorscommonly used in therailroad industry. The
safety improvement consists in installing additional detectorsin appropriatelocations to reduce
interval s between detectors. Reducingthe intervalsincreasesthe chance that adefect will be detected
and precautionary action taken beforetheit causesan accident.

4. Hot Bearing Detectors. Hot bearing and hot whedl detectorslocated at half the typical industry
spacing of about 30 km (18 miles), and linked to the signal system to restrict the speed of a
passenger train in the vicinity of a potentially defective train.

5. Dragging Equipment Detectors. Dragging equipment detectors located at half the typical
industry spacing of about 30 km (18 miles), and linked to the signal system to restrict the speed of
a passenger train in the vicinity of a potentially defective train.

6. Shifted Load Detectors. Oversize vehicle and shifted load detectors, located at classification yard
exits and at other pointswhere freight trains join the high-speed corridor from other lines, and at
intervalsalong the corridor.

The defective equipment detector improvements can be applied in any combination.

6.2.3 Hazard Detectors and Barriers

One of the hazardsto which high-speed trains are exposed is to collisionswith obstructions fouling
the high-speedline. In particular, vehiclesoperating on an adjacent railroad track or highway could
intrude on the high-speed track after an accident. Hazard detectors could providea warning of
intrusion before the train reachesthe location of the hazard, and a barrier could prevent theintrusion
occurringinthefirst place. Further discussionof intrusion risksand risk reduction measures can be
found in Reference26. Specific safety measuresto reduce the risk of such collisionsare:

7. Intrusion Detectors. Intrusion detectorsat pointsof potential risk, capable of detecting when a
largeobject (e.g. arail or highway vehicle) has intruded into the high-speed right-of-way. One
way of providingsuch detectorsisto adapt the conventional railroad slide-detector fences.

8. IntrusionBarriers. Physica intrusion barriersat pointsof high potential risk, capable of

preventing a large object (e.g., arail or highway vehicle) intruding into the high-speed right-of -
way, and linked to thetrain control system.
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9. Security Fencing. Security fencing at locations of known risk to discourage trespassersand
vandals from gaining accessto the right-of-way. Thismeasureincludes suitablefencing or
barriersat highway overbridgesto reduce therisk of objects being dropped on the high-speed
right-of-way.

10. Wesather Detectors. Detectorsfor potentially hazardous extreme weather events, and other
environmental hazardssuch as earthquakes, linked to the control center responsiblefor the high-
Speed route.

The hazard detector and barrier improvements can be applied in any combination.

6.2.4 Track Qualitv and Inspection Improvements

Track quality upgradesresult inimproved track geometry and track strength. Geometry
improvements reduce wheel-rail forces, which combined with an increasein track strength leadsto a
lower risk of derailment or failure of thetrack. More intensivetrack inspection reduces the chance
that a defectivetrack component will remain undetected and cause an accident.

11. Track Upgrade to Class 6+. Upgrade of track quality to at least FRA track class 6, plusthe
installationof concreteties, elastic fasteners, and welded rail throughout. Thislevel of
improvement isnormally considered desirablefor speedsexceeding 175 km/h (110 mph), and can
be beneficial for speedsin the range 145-175 km/h (90-110 mph).

12. Track Geometry | nspection. More frequent track geometry inspectionsusing automated track
geometry inspection car, e.g., monthly inspections as currently performed by Amtrak on the high-
speed segmentsof the Northeast Corridor.

13. Rail Flaw Inspection. Morefrequent rail flaw inspectionsusing an automated detector cer, e.g.,
every 6 monthsinstead of every 12 monthsas currently required by the FRA on track used by
passenger trains.

14. Daily Inspection. Inspection of the entire route over which high speeds are operated from a hi-rail
vehicleor equivalent, prior to the start of service eachday. Thisimprovementissimilarto
present practiceon French National Railways high-speed routes.

15. On-Train Monitoring. Use of datafrom trainsin regular service equipped with condition
monitoring sensors, such astruck-mounted accelerometers. These dataare obtained much more
frequently than conventional track geometry measurements, and can provide timely warning of
some defectivetrack conditionsas well as equipment defects.

6.2.5 Grade Crossing System Uparades

Two highway-railroad at-grade crossing improvements have been included in theanalysis, aimed at
preventing or detecting crossing obstruction by a road vehicle when atrain is approaching:

16. Obstacle Detectors. Grade crossing obstacle detectors linked to the train control system, capable
of detecting a stalled road vehicle on the crossing, and warning an approaching train of the
obstructionat a sufficient distancefrom the crossing. Thisimprovement is based on the system
used in high-speed rail linesin Sweden.



17. Four-Quadrant Gates. The applicationof afull set of warning systems to all crossings, to include

6.3

four-quadrant gates, flashing lights, and bells.

ANALYSIS OF ACCIDENT PREVENTION MEASURES

1 Analvsis Approach

The objective of theanalysisisto estimatethe effectivenessof each of the measures described in
section 6.2 in reducing the frequency of train accidentson afreight railroad corridor over which high-
speed passenger train serviceis under consideration. The stepsin the analysis were asfollows:

Select base freight corridor track and signaling conditionsfrom which the benefits of
improvements are calculated. These base conditionswere derived from those typical of the

Section 1010 railroad freight corridorsover which higher speed passenger servicesare under
considerationand are:

FRA class4 track, with conventional wood ties and rail-tiefastenings, and a mix of welded
and jointed rail.

Automatic block or central traffic control signaling, but not any form of automatic trainstop,
automatic train control, or cab signaling.

- A mix of at-grade highway-railroad crossing warning systems typical of a busy freight
railroad corridor.

Developal list of railroad accident cause groups, using the accident cause definitions specified in
the FRA accident reporting instructions. Each cause group comprises individual causes which are
affected in the sameway by one of the accident reduction measureslisted above. For example,

al the differenttypes of rail flaw accident causes can be grouped together becausethey are all
affected in the same way by a changein detector car inspection frequency. A total of 40 accident
cause groups have been defined, aslisted in Table 6-1.

Estimatethe distribution of accidentsin each cause group among the four train accident
scenarios, as defined in chapter 5; train-to-train collisions, ** other collisions," derailments, and
gradecrossingcollisions. Thisdistributionisalso given on Table 6-1.

For each accident scenario, estimate the distributionof passenger train accidents among the cause
groupsthat apply to that scenario. The estimate was based in part on the information devel oped
in chapter 5 on accident causes, and in part on the distribution of freight train accidentsamong the
individual causes. Passenger train datacould not be used exclusively, because the sample of
accidentsavailablefor study wastoo small. Judgement was used to adjust thefreight train
distributionto reflect likely differencesbetween freight and passenger train accident causality.
For example, high longitudinal in-train forces are a significant cause of freight train accidents, but
are avery minor factor in passenger train accidents.



Table 6-1.

Relationship Between Accident Cause Groups
and Accident Scenarios

Roadbed Defects T001 - TOO9 100%
2 Track Geometry Defects, T101-T7108, 100%
excl Buckled T110-T199 °
3 Buckled Track T109 100%
R 1202, 1205 - 1212
4 Rail Failures T218 - T222, T299 100%
5 Welded Joint Failures T203, T204 100%
6 Bolted Joint Failures T201, T213 -T217 100%
7 Turnout Failures T301 - T399 100%
8 All Other Track T401 - T499 100%
Automatic Cab Signal and _ o 0,
9 Train Control Defect $001 - 5004 80% 20%
Block or Interlocking
10 Signal/Equipment Failure S005, S008 - S011 80% 20%
Other Signal/ _ o,
" Communication Defect $012- 5099 80% 20%
Brake Rigging
12 Dragging EQ7C, EO7L
13 Undesired Emergency EO05C, EOSL
EQO - EO8
14 Other Brake Defects Excl E05, E07 100%
E11C-E19C
15 Carbody Defects E20C - E29L 100%
16 Coupler Defects E30C - E39L 15% 85%
17 Truck Defects E40C - E49L 100%
; E52C, E52L
18 Overheated Bearings €530, E53L 100%
Other Axle, Bearing E51C, E51L
9 Defects E54C - E59L 100%
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Table 6-1. Relationship Between Accident Cause Groups
and Accident Scenarios (continued)

20 | Cracked, Broken Wheels £e0g - EesL 100%

21 Other Wheel Defects EESélg%: Eggt 100%
All Other Equipment _

22 Defects (Loco, Car) E70L - E99L 50% 50%
Brake Operation _

23 (inc! Handbrakes) HOO08 - H099 80% 20%
Employee Condition

24 (inc! Drink, Drugs) H101 - H199 50% 25% 25%
Fixed and Hand Signal H201 - H209

25 Errors H217, H299 5% 5%

26 | padio Communication H210 - H212 75% 25%
Failure to Comply with

27 Block, Interiocking Signals H215, H216 80% 20%

28 Switching Errors, Vehicles H301 - H399 20% 30% 50%
Failure to Observe Main

29 Track Authority H401 - H499 100%
Train Make-up and

30 Handling Errors H501 - H599 30% 70%

31 Failure to Control Speed HB601 - HE99 50% 50%

32 Use of Switches H701 - H799 20% 20% 60%
Cab Signals - Tampering, B

33 Failure to Comply H821 - HB39 100%
Miscellaneous -

34 Human Factors H991 - H999 50% 25% 25%
Severe Environment

35 {snow, ice, wind., flood) M101 - M199 50% 50%
Shifted, Oversize, _

36 Improper Load M201 - M299 100%
Rail’Highway Grade _

87 Crossing Collision M301 - M3g9 100%
Lateral/Vertical Force

38 Interaction M405 100%

. . M402 - M404,

39 Obstruction _Foulmg Track MA406 - Ma10, . 100%
plus Vandalism M501 - M504

40 | Miscellaneous Gauses M401, MAOE. MSDS, 50% 50%
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For each accident scenario, estimate the reduction in accident frequency in each cause group
produced by the implementation of each applicable safety improvement measure. The
effectivenessof accident prevention measuresin reducing the number of accidents were derived,
in part, from a comparison of passenger train accidentson the Northeast Corridor with accidents
on freight railroads, in part on the extensive research literature on railroad track and equipment
failuresand inspection techniques, and in part on the expert judgment of members of the project
team. The expert judgmentswere obtained by asking selected team membersto estimate the
beneficia impact, if any, of each accident prevention measure on accident incidencefor each of
the 40 accident cause groups. The accident reduction estimatesare then combined to provide an
estimate of the overall reduction in accident frequency produced by each safety improvement
measurefor each accident scenario. It should be emphasized that the estimates of the benefits of
each accident prevention measure obtained through this process are necessarily only approximate,
and arefor an "average™ corridor. A detailed analysisof each measure, utilizing all available
statistical and engineering data was beyond the scope of thisstudy. Furthermore, actual corridors
will differ in their exposureto accident risks, leading to differencesin the benefits obtainable
from the various improvement measures.

The following section describesthe detail ed estimates of benefits devel opedfor each accident
scenario and accident prevention measure.

6.3.2 Analvsis Results

6.3.2.1 Train-to-Train Collisions

The resultsfor train-to-train collisionsare shown in Table 6-2. The table shows the estimated percent
reduction in collisions attributed to each major relevant cause group resulting from the
implementationof each level of signa and control system upgrade. The reference number in thefirst
column refersto the accident cause groupslisted in Table 6-1. The fourth column gives the estimated
distribution of train-to-trainaccidentsamong the cause groups. The distributionwas based on FRA
accident data, including freight train accident data with appropriate adjustmentsto reflect likely
variationsin accident causality, where insufficient passenger train data were available.

Estimatesof the benefit from accident prevention measuresare given in the three right-hand columns
of Table 6-2 asa percent reductionin accidentsin each cause group achievable by implementing each
measure. The estimatesreflect the collectivejudgement of the project team. To simplify thetable,
only major cause groups with over three percent of accidentsin this scenario have been identified
individually. Other relevant cause groups have been combined into an *'al other™ category. The
bottom row in Table 6-2 givesthe overall benefit from each measure, obtained by averaging the
individual benefitsweighted by the percent of accidentsin each cause group.

The table suggeststhat a Northeast Corridor ATC system or an advanced ATC system (levels 2 or 3 as
described in paragraph 6.2.1) is required to attain the magnitude of accident reduction needed for
speedsin the range 200 to 250 km/h (125 to 140 mph). An adequate safety performance cannot be
attained without the safe speed enforcement capabilitiesof these systems. For speeds up to 175 km/h
(110 mph), an ATC system of the type normally installed in response to the current FRA regulations
(i.e., with capabilities between levels 1 and 2 as described in paragraph 6.2.1) would likely meet
safety requirements, provided al trains operating in the equipped territory are able to respond to the
ATC equipment.



Table 6-2. Effectiveness of Accident Reduction Measures
Accident Scenario 1: Train-to-Train Collisions

P -

23 (Incl Handbrakes) HO08 - H099 12 10 40 60
Fixed and Hand Signal H201 - H209

25 | Errors H217, H299 17 30 80 90
Failure to comply with

27 Block, Interlocking H215, H216 22 30 80 90
Signals
Switching Errors,

28 Vehicles not in clear H301.- H399 10 30 : 60 80
Failure to observe main

29 track authority H401 - H499 12 30 80 20

31 Failure to Control Speed H601 - H699 14 10 70 90
All Other Relevant Cause (9, 10, 11, 24, 26, 32,
Groups 33, 34) 12 20 30 50
Overall Benefit (Percent reductionin accidents) 24 68 81




6.32.2 Other Collisions

Theresultsfor " other collisons™ are shown in Table 6-3. The estimatesof reductionsin the numbers
of accidentsare derived and presented in the same manner asin Table 6-2 for train-to-traincollisions.
Thevaue for percent reduction in accidents for all measurescombined shown in the right-hand
column was obtained by assuming that the benefits were multiplicative. For example, the combined
benefit of 2 measuresthat each produced a 20 percent reductionin accidents would be[1 - (0.8 x 0.8)]
x 100 = 36 percent. Where 2 prevention measures are mutually exclusive, such as with the different
levelsof ATC, only the benefit from the most effective measurewas counted.

It can be seen that no onetype of accident prevention measure will provide the reduction in accident
frequency needed to provide the required safety performancefor high-speed passenger service. Itis
necessary to useimproved signal systems and various detection and barrier systems, in combination,
to approach the required performance levelsfor the highest speeds under consideration. With al the
improvementsin combination, safety performancejust reachesthat needed at speeds over 200 km/h
(125 mph). Theresultssuggest that additional risk-reducingmeasures may be needed, such as
increasing the spacia separation between high-speed tracksand any activity likely to causean
accidental intrusion. Alternatively, higher risksfor this scenario may be acceptableif offset by lower-
than-required risksfor other accident scenarios.

6.3.2.3 Derailments

Theresultsfor derailmentsare shown in Table 6-4. The estimatesof reductions in the numbers of
accidentsare derived and presented in the same manner asin Tables6-2 for train-to-traincollisions
and 6-3 for other collisions.

Aswith " other collisions," the causes of derailmentsare very diverse, thus several different accident
reduction measures need to be applied in combination to meet high-speed safety requirements.
Although track improvements are not the focus of this study, the principal cause of derailment istrack
failure, and higher track quality and more fiequent inspectionsare appropriate actionsto reduce
derailment accident occurrenceto acceptable levels. The track quality and inspection practices
analyzed are similar to those currently applied to the 200 km/h (125 mph) segments of the Northeast
Corridor, and have been estimated to provide about a 90-percent reduction in track-causedaccidents.

Similarly, areduction of about 90 percent in human-error derailments, primarily overspeed situations,
can be obtained by applicationof an advanced ATC system (level 3 asdescribed in Section 6.2.1).

Improved track and on-train condition monitoring systems contributeto a reduction in equipment
failure accidents. Overall, al accident reduction measures combined provide a reduction of about 70
percent in derailments, which is the order of magnitude needed for operation at the highest speeds, in
the range 200-240 km/h (125-150 mph).
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16

Coupler
Defects

E30C - E39L

Table 6-3. Effectiveness of Accident Reduction Measures

Accident Scenario 2: Other Collisions

22

All Other
Equipment
Defects (Loco,
Car)

E70L - E99L

12

30

30

28

Switching
Errors,
Vehicles not
in clear

H301 - H399

14

30

60

80

80

35

Eev.ere
nvironment
(snow, ice,
wind, flood)

M101 - M199

10

75

10

10

7

36

Shifted,
Oversize,
Improper
Load

M201 - M299

14

50

50

39

Obstruction
Fouling Track
plus
Vandalism

M402 - M404,

M409 - M410,
M501 - M504

25

30

30

15

15

50

70

30

30

97

All Other
Relevant Cause
Groups

(23, 24, 25, 26,
27, 30,32, 34
and

40)

17

25

70

80

Overall Benefit
(Percent Reduction in Accidents)

28

32

14

11

14

19

67




Track Geometry Defects, T
2 excl Buckled v 7 70% 40% 96%
3 Buckled Track 70% 20% 88%
4 Rail Failures 129 70% R 90%
5 Welded Joint Failures T  20% - 90%
6 Bolted Joint Failures T20 70% - 88%
7 Turnout Failures TS 70% 15% 93%
Other Track Failures (Cause Groups; 70% 10% 90%
18 Overheated Bearings E: 40% 60%
E6
20 Cracked, Broken Wheels E6. 20% - 32%
All Other Equipment Cat
Defects (Loco, Car) 122 20% 5% 56%
Train Makeup and ’
30 Handling Error H4 - 0
31 Failure to Control Speed H6! . 90%
32 Use of Switches H7 - 70%
Other Caus
34 Human Factors 26, ) 80%
Lateral/Vertical Force '
38 Interaction 20% 50% 97%
. . M4(
Obstruction Fouling Track
39 plus Vandalism A:A‘g 40% - 71%
Other Causes (3¢ - 30%
Overall Benefit )
{Percent Reduction in Accidents) 40% 4% 12% 72%
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6.3.2.4 Grade Crossing Collisions

A brief analysisis provided below of the potential benefitsfrom applying the two improvement
measures at highway-railroad grade crossings; obstacle detectorsand active warning systems with
four-quadrant gates. Detailed analysis of grade crossing safety on corridors where high-speed
passenger services have been proposed islikely to be the subject of a separate study.

Obstacledetectors. Thereview of Amtrak grade crossing accidentsindicated that 22percent of
the callisionsinvolved the train striking a disabled or stalled highway vehicle on the crossing. In
most cases this situation would be sensed by a detector systein and a stop command transmitted to
the train through the automatic train control system. If the train wasfar enough away, it would
stop before reaching the crossing. Thus, the effectivenessis adirect function of rail traffic
density. At typical rail traffic densitiesof 2 or 3 trainsper hour, overall effectivenessislikely to
be of the order of 80 to 90 percent, allowing for detection reliability and the greater likelihood of
a highway vehicle becoming stalled when a train isknown to be approaching. On thisbasis, a
detection system could prevent about 19 percent of rail-highway grade crossing collisions.

Provide 4-quadrant gates and active warning systemsat all crossings. A rough estimate of the
benefit from thisimprovement measure was derived from the FRA Rail-Highway Crossing
Accident/Incident Bulletin [Ref. 27] and a previous study of the effectivenessof warning devices
a crossings[Ref. 28]. Assuming rail traffic level on the corridorsof interest is 11 trainsaday or
higher, the estimates in Table 6-5 are obtained for the typesof warning systems presently in place,

the present accident record at those crossings, and the estimated benefits of the proposed
improvements.

Table 6-5. Benefits of Applying Existing Warning Systems to all
Crossings (Lights, Bells, 2-Quadrant Gates)

2-Quadrant
Gates

40

40

Active

Warning

{linhte halle)
Yo, uchy)

19

28

69% reduction

Passive
(cross bucks)

44

32

83% reduction

Total

100

100

54




Thus, the application of all the improvements, except 4-quadrant gates, isan estimated reduction of
46 percent in crossing collisions. There are no data on the benefitsto be derived from substituting 4-
quadrant gates for 2-quadrant gates, but Amtrak accident records indicated that 12 percent of
collisionswere due to highway vehiclesgoing around gates. Given that 40 percent of collisionsoccur
at gated crossings, the maximum benefit of 4-quadrant gateswould be a further reduction of the order
of 25 percent in the accident rate at crossingswith 2-quadrantgates. If actual improvement is 20
percent, the estimated overall benefit of thisimprovement isareduction of 57 percentin crossing
collisions.

Thus, the two grade-crossing improvementstogether could produce an overall reduction of the order
of 65 percent in crossing collisions as shown in Table 6.6. Thisimprovement is close to that needed
for 175 km/h (110 mph) operation, but falls short of that needed for higher speeds. In practice, of
course, acrossing improvement program will be needed that includesgrade separationsand crossing
closings, and selectively applies other improvements, taking into account the situation of each
crossing.

6.4 SUMMARY OF RESULTS

The resultsfor all accident scenarios are summarized in Table 6-6, showing the benefit of each
accident reduction measureto each accident scenario. The implementation of all measuresin
combinationon atypical existing 127 km/h (79 mph) line produces the order of magnitudein
accident reduction likely to be needed for operation at the highest speeds - over 200 km/h (125 mph).
The implementation of at least some of theimprovement will be necessary at |ower speeds, between
130 km/h and 200 km/h (80-125 mph). 1t should be noted that many of the accident reduction
measures analyzed have already been implemented in the Northeast Corridor, and, in any case, track
upgrades and the installation of an ATC system are required under current FRA regulationsfor speeds
of 130 kmv/h (80 mph) and above.
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Table 6-6. Summary of Accident Reduction Measure Effectiveness

1 | Minimum FRA ATC 24 8 5
2 | Northeast Corridor ATC 68 28 12
3 | Advanced ATC 81 32 15
4 | Hot Bearing Detectors 4
5 | Dragging Equipment Detectors 2
6 | Shifted Load Detectors 14 2
7 | Intrusion Detectors 14
8 | Intrusion Barriers 19
9 | Security Fencing 8 4
10 | Weather Detectors 11 3
11 | Track Upgradeto Class 6+ 40
12 | Track Geometry Inspection 15
13 | Rail Flaw Inspection 8
14 | Daily Inspection 8 17
15 | On Train Monitoring 12
16 | Grade Crossing Obstacle Detectors 19
17 | Four-Quadrant Crossing Gates 57
All Measures 81 67 72 65

6-17/6-18




7. CORRIDOR EFFICIENCY CONSIDERATIONS

Corridor efficiency refersto the ability of arail line to handle traffic smoothly, without undue delay.
Efficiency depends on the way therail line is constructed (infrastructure), the way it is utilized
(operations), and the traffic requirementsplaced upon it (demand). The dispatching function directs
the operations of therail line, and we will assume in this study that dispatching is donein an efficient
and equitable manner. It is possiblefor conflicts to develop between freight and passenger train
schedules and priorities, and thisis a matter that must be addressed within the institutional arena of
HSR incrementa upgrading.

71 HEADWAY AND CAPACITY

Referenceto reports earlier cited [Refs. 2, 9, 10, 13, and 17] may be madefor further discussion of
headways. Briefly, headway refersto the minimum interval between trainstraveling in the same
direction on atrack, either in timeor in distance. We have seen that trains must be spaced at least as
far apart as the stopping distance of the following train, plus the safety factor distance and the
reaction time distance. Safe braking distance assumes worst case location of trainsin blocks, i.e.,
closest together. Headway cal cul ationsmust assume the opposite, that the preceding train is at thefar
end of the block, because the signal aspect for the following train will not improve until the preceding
train exitsthe block. Thishas the effect of adding an additional block Iength and the train length into
the headway distance. The unimpacted headway assumes that trains will be operating on clear
signalsat al times, and, that in an approach to asignal, it will change to the clear aspect a sighting
distanceaway, providing some response timefor the engineman.

Using braking ratesfrom the Northeast Comdor example of Figure 3-1, adding an additional block
length, train length, and sight distanceto the 3477m (11,300 feet) safe braking distance resultsin a
headway distance of approximately 4570m (18,000 feet). At 200 km/h (125 mph), this meansthat 36
trains could passa given point in aone-hour period; equivalently, the system has a theoretical
capacity of 36 trains/hour and a theoretical minimum headway of 99 seconds, with a perfectly
uniform and optimized block layout. Using more typical actual NEC block distances (which allow
for freight operationsas well as passenger) would reduce thisto a theoretical capacity of 28 traing/
hour and 125 second headways, but this still representsan idealized railroad.

Any actual railroad operation has many factors which will reduce headway and capacity from the
idealizedtheoretical values, including uneven block spacing and grade effects, trainsof different
maximum speeds and lengths, civil speed restrictions (those not traffic- or route-dependent) present
on the route, differencesin train handling between enginemen, trains operating off schedule, and
other random events. Capacity in the vicinity of even 20 trains/hour, nevertheless, providesfor
movement of a very largeamount of traffic.

The presenceof different train speedsgreatly affects the practical capacity of theline. Inthe
examplecited above, inserting a short expressfreight train operating at 95 km/h (60 mph) into the
traffic stream would reducethe throughput of the system from 28 trains/hour to 13 trains/hour, on a
theoretical basis. Thefollowing passenger trains would suffer delays in following the expresstrain at
95 km/h (60 mph). If thefreight train was 5000 feet long, the capacity would drop to 11 trains/hour.
The solution to these problemsliesin scheduling slower freight trains out of passenger hours or away
from passenger train scheduleswhere possible, and in adding infrastructureto permit faster trainsto
overtakeand passdower trains. Many time-sensitivefreight schedules exist on today's railroads



(intermodal traffic, mail and parcel traffic, landbridgetraffic, and perishabletraffic, to name but a
few), and it will not generally be possibleto implement HSR improvementswithout the requirement
to handlefreight traffic, to some degree, during hours of passenger train operation.

7.2  STRINGLINE MODEL DEVELOPMENT

In order to demonstrate the range of impacts that freight-passenger interaction could produceunder a
variety of circumstances, and to provideatool for use during corridor development, asimplified,
microcomputer-based, manually-dispatched, rail operations model was devel oped and tested on the
hypothetical corridors discussed in chapter 2. The simplified modd isa link-and-node representation
of araillway over which trains operate at assumed average speeds. Such a model does not directly
model the effects of train accelerationand braking, differencesin power/weight ratio on acceleration,
individual speed restrictions, block layout and signal aspects, or train length effects. It does deal with
these effectsin an aggregate manner, however, through the use of average speeds which represent
realisticoverall reductions from maximum speed for illustrative purposes. More refined models
incorporating site-specific detailswould be appropriate to use in actually designinga signalling
system. Themodel used in thisstudy is suitable for determining feasibility at the planning level.

The maximum passenger train speeds considered in this study are 145, 175,200, and 240 knv/h (90,
110, 125, and 150 rnph). Based on Amtrak timetablesin the Northeast Corridor for segments of the
ROW where high speeds are routinely accomplished, the average speed achieved was assumed to be
80 percent of the maximum speed. Freight trains were assumed to have a80 kmv/h (50 mph)
maximum speed (whichisatypical value, but does not represent the most expedited traffic), and the
average speed was assumed to be 70 percent of the maximum, or 55 km/h (35 rnph). Thesefactors
account for all speed restrictionsand accelerating and braking for them and in station areas.
Passenger trains were scheduled to make four intermediate stops with a one-minutedwell time each,
while freight trains were assumed to slow but make no stops. This assumption, and therelatively low
average speed for freights, are conservativeassumptionsin that they are closer to worst case than best
case.

Passenger trains were assumed to operate hourly in each direction across the approximately 500 krn
(310 mile) corridors. While most incremental comdorswould not be ableto initially support such a
dense passenger service, at certain times of the day (morning and late afternoon) hourly serviceis
highly desirable and is operated in some incremental corridors today, and the requirement was set at
thislevel to illustrate such peak service conditions. In this case aswell, the cases analyzed are at the
worst-caseend of the scale.

Threedaylight freight trainswere assumed to operate in each direction on the comdor, scheduled in
an irregular, quasi-random manner. The schedule tested called for westbound freightsto depart at
5:20 am, 10:40 am, and 3:10 pm, and for eastbound freights to depart at 7:20 am, 12:05 pm, and 4:05
pm. All freight trains were assumed to be no longer than 2.4 km (1.5 miles).

Operating in the idealized, unimpacted manner described above, thefreight trainswould require 529
minutes[8 hours 49 minutes (8:49)] to completetheir run, and the passenger trainswould requirethe
times shown below:

Passenger speed = 145 knvh (90 mph) max 4:22
Passenger speed = 175kmnvh (110 mph) max 3:35
Passenger speed = 200kmv/h (125 mph) max 3:10

Passenger speed = 240 kmv/h (150 mph) max 2:39



7.3 'TRAIN INTERFERENCE

731 Case A: SindgleTrack and Passina Sidings 1145 km/h (90 mph)
passenger speeds)

Figure 7-1 showsthe track layout for a portion of this case, with 2.4 km (1.5 mile) length passing
sidings spaced 32 km (20 miles) apart. Milepostsare shown at thetop of the figurefor siding entry,
center, and exit. Segment identificationsappear adjacent to the track diagram. Station names appear
at the bottom of thefigure. Figure 7-2 showsthe ™ stringline™ time-distance chart output for a sample
run on thiscorridor for special conditions: 7 am-2 pm, 3 passenger trains/direction, 145 km/h (90
mph) maximum speed, no freights. In reading the stringline chart, time increases upward, and the
dopeof alineindicates speed. Vertical segmentsof the traces indicate trains not in motion, i.e.,
waiting for ameet. This can be seen, for example, at the siding at milepost 224 at 10:00 am when
Train 5 (the westbound 9:00 am departure) waits for Train 2 to pass. Thisfigureis provided to show
clearly these meets on an expanded scale. The balance of the plotsdealing with the actua traffic
requirements show the entire 20-hour run period. In thisrun, total train delay was 76 minutes,
average delay was 13 minutes, and individual train delay ranged from 3 to 18 minutes. Figure 7-3
showsa sample of the output delay report.

Figure 7-4 showsall the passenger trains (but still no freight trains) on this corridor. For thisrun,
average passenger train delay was 21 minutes/train, and ranged from 3 to 44 minutes. Suchalarge
delay range ishard to handle. A schedule pad can be inserted to account for a relatively narrow band
of delays, but arange thiswide indicates erratic performanceat best. Thisisclearly acase wherethe
passenger traffic alone provides significant interference, without any freight service being operated.
The situation could possibly be improved by attempting to even out the number of times each train
takesadelay to makeameet. Particularly in situations such as these, dispatchingisan art aswell asa
science.

Figure 7-5 showsthe same passenger traffic with one freight train (the 5:20 am westbound departure).
The impactsare pronounced as can be seen in the chart. Average passenger delay increased by 85
percent to 39 minutes, witharange of 3 to 143 minutes; five passenger trains were delayedin excess
of one hour. Thefreight train was delayed 96 minutes. It islikely that different dispatching could
improvethe passenger results at the expense of freight delay, but holding the freight in one of the
passing sidings meansthat a passing maneuver between opposing passenger trains now takes place
over a 64 km (40 mile) segment rather than a 32 km (20 mile) segment, and transit timeaonefor
such alink is34 minutes. Other solutions are clearing the freight off to an intermediateyard or
switching siding, more frequent sidings, segments of doubletrack to allow ** running meets” or
expanding the complexity of the passing siding to alow for 3-train meets (additional tracksor
crossoversto provide severa "' pockets”). No attempt was made to run the full anticipated freight
complementon thisinfrastructure. CaseA clearly showsthe limitsof single track and passing siding
operationfor even modest freight requirements in addition to hourly passenger service.
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7.3.2 Case B: Double Track ABS (145 kmlh {90 mph) and 175 kmlh (110 mph

passenaer speedsl

Figure 7-6 showsa portion of Corridor B, featuringfull double track and double interlockingsevery
24 km (15 miles). Inthisarrangement, trains may meet and pass every 24 km (15 miles), and have
two uni-directional tracks between passing points. Figure7-7 showsthe train performance with the
full complement of 28 passenger trainsat 145 kmvh (90 mph) maximum speed, and 6 freight trains,;
Figure 7-8 showsthe sametraffic with 175 km/h (110 mph) maximum passenger speed. Thefigures
show clearly that thisis a quiteworkable configurationto handlethe traffic requirementsefficiently.
The delay statisticsareinteresting:

Minutes of Delay
145 km/h (90 mph) 175 kmth (ILO mph)
Freight delay 463 491
Passenger delay 177 145
Total delay 640 636
Freight delay/train 77 82
Passenger delay/train 6 5
Passenger delay range 6-15 3-16
Averagedelay/train 19 19

Total train delay does not increasein going from the 90-mph case to the 110-mph case. Freight delay
has dropped from the A case (96 minutes), and passenger delay islow and relatively uniform. Slight
schedul e adjustmentsto freight departuretimes could reducedelaysfurther. Thisiscertainly an

acceptable passenger operation, and freight performance may well be found acceptablein many
instances.

7.3.3 Case C: Double Track CTC (90-150 mph passenaer speeds

Figure7-9 showsthetrack layout, featuringfull reverse running on a doubletrack railroad with
crossoversevery 16 km (10 miles). The same scheduleof trainsis operated as in Case B, with
passenger train maximum speedsof 145,175,200, and 240 km/h (90,110, 125, and 150 mph). The
train graph resultsare shown in Figures 7-10 through 7-13, and the del ay statisticsare summarized
below:

Freight delay

Passenger delay 157 139 199 188
Total delay 404 210 282 229
Fraght ddayltrain 41 12 14 7
Fraght delay range 21-53 1-23 4-32 1-14
Passnger ddayltrain 6 5 7 7
Passenger delay range 5-17 3-17 6-13 5-17
Average delay/train 12 6 8 7
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These results are much improved over those of Case B, with averagetotal delay falling from 19
minutes/train to as low asone-third that level. Freight delayshave declined markedly. Infact, in the
240 km/h (150 mph) case, freight train delay performanceisactually better than passenger train delay
performance. This indicatesthat a redispatchcould further improvethe passenger train statistics and
still permit avery acceptablefreight performance.

With adispatching model tool such as utilized in these illustrationsof corridor efficiency
considerations, adjustments can be made in starting timesand other *what i f' scenarios can be played
out to optimizetrain performance. Thisisan essential component of HSR corridor devel opment
planning.

7.4  IMPLICATIONS FOR INCREMENTAL HSR CORRIDOR DEVELOPMENT

» TheCase A examplesillustrated above reved the difficultiesthat singletrack corridorswould
face if frequent passenger and freight operationsmust both operate during the same time periods.
While some service is obvioudly possible, there are limitsto what can be achieved with such
infrastructure. Thereisaso the potentia for significant scheduleunreliability, which could
adversely affect the marketability of service provided over such acorridor.

» Detailed studies should be performed on a site-specific basis to determine that the traffic
requirementsand the infrastructure proposed are in balancefrom the standpoint of acceptable
delaysto freight and passenger services.

»  Studies should a so address switchingand local freight operationsat any industriesserved by a
rail line. These operations have not been addressed in thisanalysis, and can further increasethe
interference problemsencountered.



8. CORRIDOR PLANNING METHODOLOGY

This chapter is intended to serveas a guide to the steps required to advancearail corridor
improvement project, particularly insofar as railroad operationsare concerned. The setting for this
particular study has been incremental rail improvementsassociated with the 1010 Corridor program,
but the discussion will be generally applicable to all incremental improvement projects.

8.1 PLANNING PROCESS

The planning process to be used will naturally depend on the program sponsor and the sources of
fundsfor the project. A privaterailroad carrier could undertakea corridor improvement project with
itsown funds, subject only to environmental reviewswhere new right-of-way is required. It is
reasonableto expect that incremental improvement projectswould be sponsored and funded primarily
by public agencies, and so the public planning processis theapplicableone. Several levelsof
analysis, review, and findings must be made, but the questionsto be answered inevitably boil down to
these:

»  Will the proposed system work from a technical and operations standpoint?

*  Will it work from a financial standpoint? If the operationsmust be supported by taxpayer
financing, do the benefits merit the required expendituresof funds?

* Areany adverse environmental impacts acceptable and mitigated appropriately?

We will focus most directly on thefirst of these questions.

82 INSTITUTIONAL CONSIDERATIONS

It isimportant to identify the required playersearly in the game, particular the owners, operators, and
sponsor/funders of the project. Often this meansa state DOT, transportation commission or authority
as lead agency and primary funder of the project; arailroad or railroads as owner of the right-of-way
and the operating rail line, although some of these are state-owned; and the operating entities
proposed to be involved — thefreight rail carrierson the one hand, and Amtrak or another operator
for the passenger service on the other. The engineering and operations departmentsof the carriers
need to be involved throughout, and at different stagesof the project other carrier departments(legal,
insurance, etc.) must be involved.

The cooperation of the owning railroads is essential for a successful project. In the fina analysis
agreementsmust be reached between the parties mentioned above and reduced to contractua terms.
It ishelpful if project ground rulesare agreed upon at the highest levelsin the organization and
communicatedto all participants.

83 CONCEPTUAL PLANNING, ENGINEERING, AND OPERATIONS
ANALYSIS

As mentioned above, the three major questions to be studied in an incremental improvement project
center around technical/operations, financial, and environmental concerns. Because many disciplines
are involved in making these eval uations, project development may not proceed in atotaly linear
fashion; it may be necessary to reiterate steps and adjust the program plan before it is optimum.



Nevertheless, in order to haveastarting point as well asatarget, it is suggested that a Project Concept
be advanced at the outset. Alternatively,a first phase study can be employed to devel op one.

3 ] Concept

The project concept must identify the route or routesto be used, the end-pointsof the corridor, the
intermediate markets to be served (station stops), accessto stations, and the level of service to be
provided in the corridor. Station stops must be selected to build ridership where the market is
strongest, but must be limited so as not to increase running time needlesdy. Station access, station
location, station parking, and security may be issueswhich affect the image and marketability of
servicein the community to beserved. Level of serviceincludestarget trip times, train frequency
(number of trains per day), and desired or preferred operatingtimes. It may be most prudent to "am
high" in setting frequenciesto allow for future growth in demand. However it may be necessary to
reducefreguenciesand associated infrastructurecoststo permit the project to be funded, particularly
if the project represents™ new start™ service. These adjustmentswould be made after ridership
forecasting effortsare completed. Since accurate forecastingoften requires survey design and data
collection, it isalengthy process. The project concept will serveasa" straw-man™ until projected
demandisavailable. The processcan then reiterateto balance supply (frequencies) with demand.

In parallel with the project concept devel opment, the project constraints must be identified. 1f
budgetary limitationsare clearly known, this should be recognized at the outset to save effort and
planning expense. Railroad freight and switching requirementsmust be investigated, discussed, and
documented. Accessto railroad timetables, track charts, signal block layouts, clearance diagrams etc.
must be secured.

8.3.2 Operations Analvses

In order to determinetrain running times, a Train Performance Calculator (TPC) isemployed. This
computer model can reveal the effectsof improved train propulsion and braking performance,
potentially increased speed on curvesthrough tilt-train technology or better-performing suspension
systems, and reduced curvature from realignment proj ects, to name several key examples.
Eliminating slow speed areasthat are not curvature-limited isanother key improvement category to
be addressed, particularly if the speed restrictionis related to track conditions (which can be upgraded
relatively simply) rather than some more embedded problem (e.g., a deteriorated movable bridge).
Each project should be studiedin isolation so that costs and benefitscan be compared for each
project.

After TPCs have been performedand a sufficiently rapid railroad has been proposed on paper, more
detailed simulationsmust be performed to show the effectsof freight/passenger interaction. These
are anal ogous to the computer-generatedstringline charts of chapter 7, but are more detailed, at |east
in thelater stagesof project development. Theresults of the simulationswill suggest infrastructure
additions (tracks, passing sidings, crossovers, and improved signaling) that would be required to
permit the identified freight and passenger traffic level(s) to be achieved within a tolerabl e range of
delays. The simulationswould be repeated with improved infrastructureuntil the line appears to
operate satisfactorily,with respect to standards agreed to in advance, or to the satisfaction of all
parties.
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8.3.3 Engineering and Cost Estimating

The operationsanalysiswill have developed alist of potential improvement projects, and other
improvementswill berequired by virtue of increased maximum speeds, €-g., signal and train control
requirements, track class upgrading, etc. Each improvement must be described and sketched in
sufficient detail to permit accurate construction cost estimation. The cost estimates should be
developed project-by-project to allow the costs to be compared with the benefits (trip-timebenefits
and others) calculated in other tasks.

At the sametime, a safety analysisof the project should be performed to identify risk areasand
mitigation measures to be undertaken. Key areas of concern are grade crossings, train control
systems, shifted |oad detection, hazardous materialsprovisions, and weather hazard detectors. As
increased federa rail safety regulationsin the high-speedrail arena are under discussion at this
writing, close coordination with FRA isdesirable, particularly where speeds are planned to exceed
175 knvh (110 mph) and waivers or special approvalsare currently required.

8.4 OTHER STUDIES

Simultaneouswith the engineering and operations studies described, studies should be undertakento
answer the question of financial feasibility and environmental impact. Generally, these studies should
include:

* A study of demand for passenger transportation in the various corridor markets and a forecast of
that demand over time. Compatiblefreight demand (parcels, mail, and other expedited high-
valuetraffic) may aso be studied asa means of enhancing revenue.

» A revenueforecast associated with the ridership forecast.

» Anoperationsand maintenancecost estimate and a plan for the management of the operation,
indicating responsibilitiesof all parties.

* A study of the economic benefitsaccruing to the HSR service.

« A financia analysisrelating project cash inflows and outflows over the life of the project,
including capital and operating/maintenance, fare revenues, other revenues, and any subsidies
required.

*  An environmental assessment of the proposed improvements including any mitigation
requirementsdetermined to be necessary. Thisstudy would have to satisfy state environmental
regulations, and possibly federal environmental regulationsas well.

Asthese studiesare progressing, fine-tuning of the project'slevel of service may be required. Project
improvements may have to be increased to handle environmental or safety concerns, or may need to
be decreased to improvefinancial performance or to match demand forecasts. Following the fine-
tuning adjustments and the equilibration of supply and demand, a final report would summarizeall
the analyses performed.

If the project receivesfunding approval, it would then enter the design phase where the detailed
engineering design documentsand environmental impact statement (if required) would be prepared.
The project would then move forward into construction, commissioning, and operations.
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If federal fundingisinvolved in the project, the funding agency may requirea particular evaluation
process and a standardized methodology to be used. A high-speedrail project of significant scope
would likely requirea Mgjor Investment Study, regulationsfor which are now being devel oped a
U.S. DOT among the Federal Highway Administration, Federal Transit Administration, and FRA, as

part of the rulemaking process.



APPENDIX - SECTION 1010 CORRIDORS DATA

The following tables provide data on each Section 1010 corridor or sub-comdor aslisted below.

Table Al Route Data Sheet: New Y ork (Empire Comdor)
Table A2 Route Data Sheet: Virginia

Table A3 Route Data Sheet: North Carolina

Table A4 Route Data Sheet: Florida

Table A5 Route Data Sheset: [llinois - Missouri

Table A6 Route Data Sheet: Michigan - lllinois
Table A7 Route Data Shest: Wisconsin- Illinois
Table A8 Route Data Sheet: California

Table A9 Route Data Sheet: Oregon - Washington
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TABLE A1 ROUTE DATA SHEET: NEW YORK ( EMPI RE CORRI DOR)

city Pair: New York = Albany/Hoffmans

Psgr Speed/
Number Signal i ng/ Typi ca
Seagment Mileage Railroad Tracks D spatch pt Curvature
1 New York-Spuytn Duyvil 10 Ant r ak 1 70 CHTZENEMIYbrk 2 deq.
2 Sp %v Poughkeepsi e 63 M\CR 4/2 79 CTC (New York 1- 2 deg.
3 Poug keep3| e- Stuyvesant 51 R 2 110 CTCESeI ki rk 1- 2 deg.
4 St uyvesant - Hof f mans _46 Ant r ak 1-2 110 CTC (Sel kirk 1-2 deg.
170
Proposed Passenger Train MA8: 125 nph (initially on Segrment 4)
Frei ght Train Speeds: 50 nph
Present Traffic:
Passenger Trains/day: 16 _ o _
add+'1. Commuter Service?: Yes; extensive electrified MICR service on Segnment 2
Frei ght Trains/day: 4
Daytime Freight Trains: 0
Total Gade Crossings: 37 G ade Crossings/route nil e: 0.22
Single Track Biding Data: N/A

Percent BSecond Track/S8iding:
Average Biding Length, m:
Aver age Biding Spacing, m:

Ot her Information:

- Al 4 segnents equi pped Wi th continuous cab signal system all carriers operating wth
ATC equi pped power units.
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TABLE A2 ROUTE DATA SHEET: VIRG NI A

City Pair: Washington - Richnond
Psgr Speed/

Nunber Si gnal i ng/ Typi cal

Seqment Mileage Railroad Tracks Dispatch Pt Curvature
Washi ngt on- R chnond 108 CSX 2 70 ABS (Jacksonvill e) 1 deg.
Proposed Passenger Train MAS. 90- 95 nph
Frei ght Train Speeds: 40- 60 nph
Present Traffic:

Passenger Trains/day: 18

Ada'1l. Commuter Service?: Yes; VRE, 8 trains/day

Frei ght Trains/day: 15

Dayti me Freight Trains: 12
Total Grade Crossings: 64 G ade Crossings/route nil e: 0. 59
Single Track Siding Data: N/A

Percent Second Track/S8iding:
Average Siding Length, m:
Average Siding Spacing, m:

Ct her Information: _ . _
- Entire corridor is cab signal equipped.
- Route is former rr&P |ine.
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TABLE A3 ROUTE DATA SHEET: NORTH CAROLI NA

City Pair: Raleigh = Charlotte
Psgr Speed/

Numnber signal I i ng/ Typi cal
Seqment Mileage Rai | road Tracks Di spatch Pt Curvature
1 Ral ei gh- Carey 6 NS/CSX 2 79 ABS (Greenville) 3-4 deg.
2 Carey- Q eensboro 75 NS 1 59 dark . 3-4 deg.
3 Qeensbhoro-Charlotte _92 NS 1 79 CIC (Greenville) 1-2 deg.

173

Proposed Passenger Train MAS: 90 nph (135 nph in | ater phase)

Seament 1 Seament 2 Segnent 3
Freight Train Speeds: 49 nph 49 nph 50 nph
Present Traffic:
i . 4 4 4

RATENIE RS EdRY cen. No No No

Frei ght Trains/day: 6 4 22

Daytime Frei ght Trains: 2 2 10
Single Track Siding Data:

Percent Second Track/siding: NA 5% 50%

Average Siding Length, m: NA 1 10.0

Average Siding Spacing, m: NA 18.8 10.0
Total Grade crossings: 260 (all segments)

Grade Crossings/route mle: 1.50

O her Information: _ _ _ _ _
k- Ral ei gh- Carey operates in a paired track coordi nati on arrangenment using both CSX and NS
tracks.
= Portions shown as NS are fornally North Carolina RR (75% state-owned) and operated by NS
under a 99-year |ease expiring in 1994,
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TABLE A4 ROUTE DATA SHEET: FLORI DA

City Pair: Mam = W Palm Beach
Psgr Speed/

Numnber Si gnal i ng/ Typi cal

Seqment Mileage Railroad Tracks Di spatch pt Curvature
Mam-W Pal mBeach 71 SFRC 1 79 CIC (Jacksonville) 1- 2 deg.
Proposed Passenger Train MAS: 90 nph
Frei ght Train Speeds: 60 mph
Present Traffic:

Passenger Trains/day: 8

Add'l. Commuter Service?: Yes; TCCRA operates 24 trains/day

Frei ght Trains/day: 4

Dayti me Frei ght Trains:
Total G ade crossings: 73 G ade crossings/route ml e: 1. 03

Single Track Siding Data:
Percent Second Track/siding: 35% after 1987 conpl etion of presently-funded program
Average Siding Length, m:
Aver age Siding Spacing, m:

Q her Information: _
= Corridor will forma segnent of |arger Miami-Orlando-Tampa future HSR corridor under
study. Under present inprovenent program MA-WPB w || be 100% cab-signal | ed and approxi mately

-35% doubl e tracked; future prograns will inplenment 100% doubl e track goal .
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TABLE A5 ROUTE DATA SHEET:

City Pair: Chicago - S. Louis

[LLINO'S = M SSCURI

Psgr Speed/

Nunber Si gnal i ng/
Seqment Mileage Rail road Tracks Di spatch Pt
1 Chicago-S. Joliet 35 | C 2 79 CIC (Chi cago)
2 S Joliet-Mazonia 23 SPCSL 1 79 ABS ( Denver
3 Mazonia-St.Louis 224 SPCSL 1 79 CIC ( Denver

282

Proposed Passenger Train MAS. 90 nph (135 nph in | ater phase)

Seaqment 1
Frei ght Train Speeds: 60 nph
Present Traffic:
Passenger Trains/day: 4-8
Addr'l. Commuter Service?: Yes; Metra
Frei ght Trains/day: 3/wk
Dayti me Freight Trains: 0

Single Track Siding Data:
Percent Second Track/siding: NA
Aver age Siding Length, m: NA
Aver age Siding Spacing, m: NA

Total Grade Crossings: 327 (all segments)
G ade Crossings/route nile: 1.15

O her Information:

- Anmtrak and Trra control short nultiple-track segments at Chicago (1.6 mles) and &.

Louis (3.0 mles) terminii, respectively.

- SPCSL Route is fornmer GM&0/ICG/ChgoMo&Wn | i ne.

Typi cal

Curvature

1 deg.
1 deg.
1 deg.

Seqment 3
60 nph
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TABLE A6 RQUTE DATA SHEET:

MCH GAN = ILLINO S

Cty Pair: Detroit = Chicago
Psgr Speed/
Nunber si gnal I'i ng/ Typi cal
Seqment Mileage Railroad Tracks D spatch Pt curvature
1 Detroit-Kal amazoo 142 R 79 CIC ( Dear bor ng 2.5 deg.
2 Kal amazoo- Porter 97 Antrak 79 CIC ( Dear born 1 deg.
3 Porter-Chi cago ﬁ R 79 CIC ( Chi cago) 1 deg.
Proposed Passenger Train Mas: 100 nph
Segment 1 Segqment 2 Segqment 3

Frei ght Train Speeds: 60 nph 60 nph 60 nph
Present Traffic:

Passenger Trains/day: 8 8 20

Add'1. Commuter Service?: ND No Yes (Metra)

Frei ght Trains/day: 6 2

Dayti ne Freight Trains: 1 0
Total Grade Crossings: 388 (all segnents)
G ade Crossings/route nile: 1.39 (all segment average)
Single Track Siding Data:

Percent Second Track/siding: 25% 13% NA

Average Siding Length, m: 51 2.1 NA

Average Siding Spacing, m: 20.3 16.2 NA

O her I nfornmation:

= Corridor operates over Gl rights in Battle O eek.

Station is 3-track Antrak ROW.

Fi nal

16 mles into chicago Uni on



TABLE A7 ROUTE DATA SHEET: WSCONSIN - ILLINO S

City Pair: Chicago - M| waukee
Pegr Speed/

Nurber Si gnal |'i ng/
Segmept = Mileage =  Railroad = ITrackas = = Dispatch Pt
Chi cago- Rondout 33 Metra 2-3 70 CH(:EChicago;
Rondout -M | waukee 53 SO0 2 79 CTC (Chi cago
86

Propoeed Passenger Train MAS: 90 nph
Freight Train Speeds: 50 nph mani fest, 60 nph internoda
Present Traffic:

Paeeenger ‘Trains/day: 16

Add'1l. Commuter Service?: Yes

Freight Trains/day: 20-22

Daytinme Freight Trains: 7-8 (Noon-3pm depart ures)
Total Grade Crossings: 111 Grade Crossings/route nile:

Single Track Siding Data: N/ A
Percent Second Track/siding:
Average Siding Length, m:
Average Siding Spacing, m :

G her Information

Typi cal

E

Oor
oQ
o
o -
(@)

1.31



TABLE A8 ROUTE DATA SHEET: CALI FORNI A

City Pair: San Diego/Los Angeles/Bay Area/Sacramento
Psgr Speed/
Number Signal l'ing/ Typi cal
Segment Mileage Railroad Iracks Dispatch Pt Curvature
1 San D ego-Fullerton 103 ATSF 1 90 crc/aTts (Chi cago)
2 Fullerton-Los Angeles 25 ATSF 2 79/65 CTC ( Chi cago)
3 Bakersfield-Stockton 234 ATSF 1 79 CTC (Chi cago
4 stockton-Port Chicago 42 ATSF 1 79 ABS (Chi cago
5 Port Chicago-Qakl and 35 SP 2 60/40 (Roseville)
6 Stockton-Sacranento 48 SP 1 70 CTC/ABS (Roseville)
487

Proposed Passenger Train MAS: 100 nph, rLossan (90 rnpgh LOSBAS in |ater phase).

Freight Train Speeds: Seament 1 Seament 2 Seament 3 Segment 4  Segment 5 Seunent ¢
55 nph 55 nph 55 mph 55 nph 60/40 nph 65 nph
Present Traffic:
Passenger Trains/day: 16 16 8 8 8+ 0
Conmut er Servi ce?: No No No No No No
Frei ght Trains/day: 20 8-12 20-24
Daytime Freight Trains: 2 6-8
Single Track Siding Data:
Percent Second Track/Siding: 22% NA 22% 18% NA 34%
Average S ding Length, m: 1.0 NA 1.6 .94 NA 1.5
Average Siding Spacing, m: 9.1 NA 7.3 5.25 NA 7.8
Total Grade Crossings: 85 231 24 42 46
Grade Crossings/route nile: .66 .99 .57 1.2 .96

Ot her Information: _ .

- ATSinstalled between E Santa Ana and Sorrento, 73 mles of 90 rrgh territory. _

- LA-Bakersfield has bus connection service but no rail passenger service; newdirect rail
line presently in planning and prelimnary desi 8n. _ _ _

- Stockton-Sacranento has bus connection service but no rail passenger service, Caltrans is
now pl anning to introduce rail service to repl ace bus feeders.

- Comut er service on LOSSAN segments i s schedul ed for 1994, and comruter service on Capital
segnent is under study. . . _ .

- Virtually all grade crossings in all segnents are protected by active warni ng devi ces.
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TABLE A9 ROUTE DATA SHEET:

OREGON = WASHI NGTON

Gty Pair: Eugene/Portland/Seattle/Vancouver

Psgr Speed/

Number Signalling/ Typi ca
Segment Mileaqge Rail road Tracks Di spat ch Pt Curvature
1 Eugene- Portl and 124 SP 1 70 CTC (Roseville) 2 deg
2 Portland- Seattle 186 BN 2 75/ 79 cTc/ABS (Seattle) 3 deg
3 Seattle-Everitt 32 BN 2 60 cTC/ABS (Seattle) 3-4 deg.
4 Everitt-Vancouver, BC ;%% BN 1 60/40 CTC/ABS (Seattle) 3 deg
4

Proposed Passenger Train MAS: 90 rnph (125 rmph in |ater phase)

Freight Train Speeds:

Present Traffic:
Passenger Trains/day:
Add'1. Commuter Service?:
Frei ght Trains/day:
Dayti me Freight Trains:

Total Grade Crossings:
Grade Crossings/route mle

Single Track Siding Data
Percent Second Track/siding:
Average Siding Length, m:
Average Siding Spacing, m:

Ot her Information:

- Access to Portland Union Station

Seqment 1
60 nph

2
No
20
8|

205
1.65

20%
1.4
9.1

Seqnment 2 Seaqment 3 Seqnment 4
50/60 nph 50 nph 50/40 nph

6-8 2 0

No No No

72 127 (Segments 3 t 4)
0.38 0.82

NA 79% 13%

NA 5.2 1.0

NA 1.4 13.3

resently controlled by UP (Omha). Project in

pl anning to convert to regional control By SP or
- Single track @ Nelson Bennett tunnel,
= Portion of ROV wi thin Canada dispatched by Sout hern Rai lway of BC
- UP operates on rights between Portland and Tacoma, adding to already heavy freight

density.

- Qperation into CN term nal

Vancouver,

Tacona 1.5 mles.

BC is under Yard Limt rules (dark).



GLOSSARY

This glossary provides definitionsand brief explanations of acronyms and terms used in this report.

AAR

ABS

ACS

ARTEMIS

ASTREE

ATC

ATCS

ATS

ATSF
BARD
CCP
CFR
CNW
CR
CPRall

CSEE

CSX

Association of American Railroads, a North American railroad trade association

Automatic Block System, aform of railroad signaling in which the signals governing
entry to atrack block are controlled automatically by track circuitsor other means to
sense the occupancy of ablock by atrain

Automatic Cab Signals, a system that providesa display of signal indications in the
cab, accompanied by an audible warning when a more restrictivesignal aspect is

displayed

A joint project of French and German railwaysto combine the features of their
individual advanced train control s systems, ASTREE and DIANE

An advanced train control system under devel opment by French National Railways

Automatic Train Control, a system of train control having the capability of
automatically applyingtrain brakeswhen signal indications, and in some systems,
speed limits are not observed. Note that when used in the context of a mass transit
system, ATC meansasystem that providesautomatic train operation (ATO), as well
at enforcement of speed limitsand signal indications

Advanced Train Control Systems, a project initiated by the AAR to develop
functional and interfacespecifications for advanced signal and train control systems,
including communications-based signal systems

Automatic Train Stop, a systemto automatically apply train brakeswhen amore
restrictive signal indication is received and is not acknowledged by the engineer

Atcheson, Topekaand Santa Fe Railway, amajor U.S. railroad

Bay Area Rapid Transit, a masstransit system in the San Franciscoarea
Chicago, Central and Pacific, aregiona U.S. railroad

Codeof Federal Regulations

Chicago and Northwestern Railroad, a major U.S. Railroad

Consolidated Rail Corp., amajor U.S. railroad

Therailroad unit of the Canadian Pacific Co, and a major Canadian railroad

A mgjor French signal system manufacturer, which producesthe TVM series of
continuous automatic train control systems.

A major freight railroad in the U.S.

G-1



CTC

DB

DIANE

DOT

EPLRS

FRA

GP

ICC

ICE

ISTEA
LIRR

LSL

LZB

MAS

MBS

GLOSSARY (continued)

Centralized Traffic Control, a system of railroad operationscontrol in which al train
movementsover a designated territory are supervised and controlled from one
location

Deutsche Bundesbahn, German Federal Railways. DB wasrestructured asa
government-owned corporation, DBAG (Deutsche Bahn AG), effective January 1,
1994.

An advanced train control system under development by German Railways (DBAG)
United States Department of Transportation

Enhanced Position L ocation Reporting System, a communi cations-basedsignal and
train control system being jointly developed by BART, Hughes Electronics, and
Morrison Knudsen

Federal Railroad Administration, an agency of the United States Department of
Transportation

Global Positioning System, asystem of satellites devel oped by the U.S. Department
of Defense, able to provide location anywhere on earth

Interstate Commerce Commission, a U.S. government agency responsible for the
economic regulation of some forms of transportation, and formerly responsiblefor
railroad safety regulations

Intercity Express, a high-speed passenger train system devel oped by German Federal
Railways (DB).

Intermodal Surface Transportation Assistance Act of 1991
Long Island Railroad, a commuter railroad in the New York area

L ocomotiveSpeed Limiter, a system controlling brake applicationson a freight
locomotiveoperating under ATC in away that avoidsexcessively heavy braking and
therisk of high longitudinal forcesin the train

ILinienzugbeinflussung, a system of continuous speed control used on the high-speed
linesof German Railways(DBAG)

Maximum Authorized Speed applying in a track block for a given signal indication

Manual Block System, a system of railroad operation where permission to enter each
track block is conveyed by manually operated signals



MGT

MNCR
NEC

NECIP

NRPC

RAIRS

ROW

SELTRAC

SNCF
TCS

TGV

TPC

TRI-RAIL

TVM

UPRR

U.S.

GLOSSARY (continued)

Million Gross Tons, acommonly-used measure of railroad traffic level (e.g., asin
MGT/year)

Metro North Commuter Railroad, a commuter railroad in the New Y ork area

Northeast Corridor, therail line carrying the principal passenger services between
Washington, DC; New York, NY; and Boston, MA.

Northeast Corridor Improvement Program, a continuing program to upgrade the
infrastructureof the Northeast Corridor for higher speeds and greater safety.

National Railroad Passenger Corporation(Amtrak), the operator of nationwide long-
distance passenger rail servicesin the U.S.

Railroad Accident/Incident Reporting System, an FRA requirement, in which al
railroadsin the U.S. haveto report accidents, injuriesand occupational illnesses
above a defined severity threshold. Thereportsare assembled in a database and are
used for analysisof railroad safety performance.

Right-of-way

A communications-based signal and train control system manufactured by Alcatel -
SEL

Societe National des Cheminsde Fer, French National Railways

Traffic Control System, asignal system and accompanying operating rules designed
to alow bi-directional running under the control of block signals

Traina Grand Vitesse, a high-speed passenger train system developed by French
National Railways(SNCF).

Train Performance Calculator, a computer model which calculated train speeds and
times over adefined route from data on maximum speeds, installed power, train
weight, etc.

A commuter rail servicebetween Miami and Fort Lauderdale, FL.

An automaticblock and ATC system manufactured by a French company, CSEE, and
used on the high-speed lines of the SNCF.

Union Pecific Railroad Corp.

United States
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