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PREFACE

Y .
{

The Railroad Electrification Assessment Model was developed
by the U.S. Department of Transportation, Transportation
Systems Center (TSC) for the Federal Railroad Administration
(FRA), Office of Intercity Programs} The model was. formulated
to assist the joint railroad/government planning committee that
wés convened by Louis S. Thompson, Associate Admihistrator of
the Office of Intercity Programs, to evalqate larcae scale
eleétrification in the U.S. Railroad members of the planning
committee included: |

R.M. CHAMPION, JR. ‘ : : lATCHISON, TOPEKA AND SANTA FE
Assistant to the President - Staff Studies and Planning

S.R. JOHNSON . ’ FAMILY LINES

Assistant Vice President of Operations Planning

E.R. LICAH‘IV‘Y o . . CHESSIE SYSTEM 7 .
General Manager - Operations' Planning

J.R: MARTIN. .. . SOUTHERN RATLWAY: ' '' = =

Assistant Vice President - Transportation Planning

J.R. OSMAN - MISSOURI PACIFIC RAILROAD
Director of Profit Planning

J.H. REBENSDORF UNION PACIFIC RAILROAD

Assistant Vice President - Planning and Analysis

F.E. SULLIVAN : RURLINGTON NORTHERN, INC.

Manacer, Economic Research

J.H. WILLIAMS ' CONRAIL

Assistant Vice President - Strategic Analvysis
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The FRA project manager responsible for directing model
development was Gordon B..Mott, who assumed the additional
responsibilities of developing the network and obtaining the
traffic and route characteristics required.

The model was developed by Dr. C.H. Spenny of TSC with the
‘assistance of J. Smith, a consultant to the FRA, who developed
the cash flow related to the transfer of diesel locomotives and
specified the sensitivity study, and S. Prensky of TSC who
developed traffic level for each route segment. The model was
programmed for digital computation and operated by N. Smith and
R. Shay of Systems Development Corporation. Input data for the
hypothetical network was prepared'by F. Hafer of Input Output
Computer Services, Inc., under contract to TSC. '

‘ This two-volume report has been arranged with different
readers in mind. A general description of the model and its
capabilities can be obtained by reading Volume I. Readers
interested in the results of application of the model to a U.S.
network, need only read Section 2 of Volume I. For those
interested in the details of the model, Volume II, entitled
“Usér{s Guide," describes the format of the input and output
data and computatlonal algorithms used in the model. Volume II
also contains a listing of the program. = =~ '
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EXECUTIVE SUMMARY _
Prior to onset of the "energy crisis", reduced locomotive ‘
maintenénce and improved traction capability were considered td
be the major édvantages of electrification when compared to
operation with diesel motive power. In recent vears,
instability in the price of diesel fuel relative to electric

energy and uncertainty in its availability have made energy a
significant consideration. ' '

The Federal Railroad Administration had conducted twe major
studies of electrification prior to that documented by this
report: (l) A government/industry task force concluded in 1974
that electrification was the only viable alternative to liquid
‘petroleﬁm fuel for intercity movement of goods and people, and
{(2) A 1977VStudy, mandated by the Railroad Revitalization and
Regulatory Reform Act of 1976, concluded that while ,
electrification of certain routes would be beneficial to the
o-wning railroad, the national benefits were not su»fficient to .
warrant government assistance beyond the commitment of the
4-R Act. An update of the seéond study ‘in 1980 concluded that
a‘marg@pal‘imp;oygmgntuin the rate. of return hadxresulted.frbm
:g;ativef;pf;a;ionwpffcpéttfactors:over the three vear neriod
and from projections of further increase in the price of diesel
fuel relative to other costs. The network results in these ‘
studies were based on average costs and typical route
characteristics.

At a joint conference of the FRA énd_several major
railroads in Kansas City in October, 1980, a commitment was
made to proceed jointly with a more in-depth study that
considered the effect of route specific factors. Three

committees were formed with objectives as follows:

xXii



1. Planning Committee - Establish a procedure for

determining which routes should be electrified and in.

what order:

2. Finance and Aaministration Committee - Evaluate

alternative means for financing the initial investment:

3. Technical and Operations Committee - Identify and

assess issues which represent risk to the successful
implementation of electrification.

The Railroad Electrification Assessment Model described
herein was developed by TSC to provide information for the
Planning Committee on the relative economics of route seaments,
thereby permitting evaluation of large scale electrification in
more detail and with a higher level of confidence in the
results than had previously been possible using "average" or
“typical“ chéracteristics. The model was formulated to apply
route-specific values of critical design and operating
variables. It is a differential, discounted cash flow analysis
based on identical traffic, freight rates, and quality of

service for diesel and electric. operation.

¥
5

o b ¢ . .

g -I, £ . . o 5

¥ g e T fa i -
- e & < S i

The model has. beeh used:to: analyze the economics of an

LT

electrified U.S. freight hauling network consistina of 96 route
segments for 16 railroads totalinag nearly 29,000 route miles.
For the base case analyzed, the rate of return for the network
was substantially greater than predicted by previous FRA
studies. Considerable variation of rate of refurn between
route segments was found depending on the combination of '
critical site-specific factors that exist. The factors found
to have major influence on the rate of return.were traffic
density, type of diesel locomotive beéing replaced, type of

electric locomotive, dispatch policy, catenary cost and

‘differential cost of fuel compared to electricitv. The best

single surrogate to these factors was found to be annual fuel

xiii



consumption per route-mile. However, there is still sufficient
dependency on variables uncorrelated with fuel consumption

(e.g., bridge clearance and signal and communication .
compatibility) to require computation of the rate of return.

Sufficient study was pefformed to conclude that the
economic advantage of electrification over diesel operation is
real and in many cases substantial. The next logical step
would be for the railroads to initiate more detailed studies of
' routes that show a favorable rate of return. It may be
desirable to make additional evaluations using the Railroad
Electrification Assessment Model prior to initiating more
detailed studies in order to better scope that’WOrka One
partiéular aspect that should be examined is the impgct of the

timing of conversion on the cash flow of the railroad involved.

Xiv



1. INTRODUCTION

Railroad electrification has proven to be economically
viable in many countries over the past several decades.
Excluding the Uhited'States, nearly 20 percent of all track in
the world is presently electrified.[1l]*

In the United States, less than one percent of the track is
presently electrified. There have been numerous studies of
mainline electrification in the U.S., most concluding that the
rate of return is positive but that the capital cost of
conversion is too great to justify the risk. The only
electrification installed in the last forty vears has been
limited to a few hundred miles of private coal hauling and

commuter operations.

Prior to onset of the "enerqgy crisis" reduced locomotive
maintenance and improved traction capability were considered to
be the major advantages for electrification when compared to
diesel motive power. 1In recent years, instability in the price
of diesel fuel relative to electric energy and uncertainty
reqardlng 1ts avallablllfy have made energy a, 51qn1f1canf
con51deratlon. Tractlon advantages have become less
significant with the introduction of diesel locomotives with

higher adhesion.

*Numbers in brackets indicate references listed in Section 6.



The Federal Railroad Administration (FRA) had conducted two
major studies prior to that documented by this report:

1.

A government/industry task force concluded in 1974
that electrification was the only viable alternative
to liquid petroleum fuel for intercity movement of
goods and people[2]; '

A 1977 study mandated by the Railroad Revitalizatién
and Regulatory Reform Act of 1976 (4-R Act) concluded

‘that while electrification of certain routes would be

beneficial to the owning railrocad, national bernefits
were not sufficient to warrant government assistance
beyond the commitments of the 4-R Act[3].

An update of the second Study was.completed in-1980[47,

which concluded that a marginal improvement in the rate of

return had resulted from relative inflation of cost factors
over the three vear period and from projections of furthep
increase in the price of.diesel fuel relative to other costs.
At a joint conference of the FRA and several major raiiroads in
Kansas City in October, 1980, a commitment was made to proceed
jointly with a more*iqﬁdepth'studyf~’Thrée:¢ommitteeswwere '
formed with objectives as follows: SRRt

1.

Planning Committee - Establish a procedure for

determining which routes should be electrified and in
what order; '

Finance and Administration Committee ~ Evaluate

alternative means for financing the initial investment;

Technical and Operations Committee - Identifv and

assess issues which represent risk to the successful

implementation of electrification.



A list of participants in each of these committees is
included as Appendix A. The Railroad Electrification
Assessment Model, described herein, was developed to provide
information for the Planning Committee on the relative
economics of route segments. The Planning and the Technical
and Operations Committees made recommendations for refinement
and assisted in identifying and obtaining route-specific input
data for the model. The model was subseaquently endorsed bv the
Planning Committee as the recommended procedure for initial
planning of large scale electrification.

All.committee_activity has been completed. Appendix B
summarizes the recommendations of the Planning and the
Technical and Operations Committees that were integrated into
the model, and summarizes the recommendations made by the

Finance and Administration Committee.




2. MODEL APPLICATION TO A HYPOTHETICAL NETWORK

The Railroad Electrification Assessment Model was used to
evaluate the costs and benefits expected from an electrified
U.S. network\of freight-hauling railroads. A,network
consisting of ninety-six route segments belonging to sixteen
private railroad companies was examined. The results presented
in this section are the aggregated statistics for the entire
netwqu. Results on a route and railroad basis are regarded as
proprietary data and are not presented in this report. The
route-specific results are available from the participating
railroads at their discretion. One of the route segments was
selected to illustrate use of the model and is introduced in
Section 4 of this volume and in Volume II Without disclosing

its idgntity.

In several of the tables and charts which follow,
comparison is made to previous FRA cost/benefit studies. These
studies were performed in 1977[3] and 1980[4], and are based on
average costs and route characteristics, the costs being for
the year of the study: -The study being.reported herein uses..
1980 costs and:-route-specific.chdracteristics. .Therefore,
comparison of this study iwith the 1977 -study .reveals changes
resulting from cost escalation as well as refinement in route
and operating characteristics, refinement of the costs
attributed, and an increase in the price of fuel. Differences
between the present study and the 1980 stqdy do not include a

cost escalation factor.

2.1 MAJOR FINDINGS

Application of the assessment model to a hypothetical
network produced the following results and conclusions:



'S
L )

The initial capital investment in the fixed plant and
locomotives to electrify 29,000 miles of high density
mainline, in constant 1980 dollars, is 18 billion
dollars, offset by a credit of four billion dollars
for diesel locomotives that would otherwise have been
required, leaving a net investment of 14 billion
dollars; ‘

‘For the base case analyzed, the pre-tax rate of return
-for the network is 19 percent, a substantial increase

over the previously reported FRA results;

Variaticn in the rate'of return between route seaments
of similar traffic density can be large, devending on
the combination of other significant factors that

exist;

A number of factors influence the rate of return,

‘notably the traffic density, gradient, type of

locomotives, dispatch policy, and to a dedree
locomotive-miles. A surrogate for all of these
factors may be found in the annual fuel consumpflon

‘‘‘‘‘

. .per route-mile, whlch shows a high correlation w1th

”%;lthe rate of return; S s Lo b’

The estimated annual diesel o0il saving is 51 million

barrels, 10 percent lesé than previously reported;

The base case rate of return is reduced to 14 percent
when it is assumed that the relative costs of diesel
fuel and electricity remain constant;

The use of some outside financing by the railroad at
commercial lénq-tefm interest rates would reduce the
railroad's own initial investment and improve the rate
of return so long as it exceeds the rate of interest
to be paid. -

. i



2.2 ROUTE DEFINITION

Traffic density has generally been used as the principal
criterion for route selection. A report published in 1977
under the sponsorship of FRA's Office of Research and
Development[5], and which became the data base for all
subsequent FRA analyses up to the present one, established
40 million gross ton-miles per mile (MGTM/M) as the minimum for
inclusion in their Service Level One, a basic network of nearly
10,000 route-miles. Service Level Two included other high
density routes, generally with a traffic density of 20 to
40 MGTM/M, that could be suitably operated as electrified
lines. Together with Level One, this totalled nearly 40,000

‘route-miles.

The present analysis also began by identifying line

.segments based on their traffic density, using 1978 data. As a

rule, 30 MGTM/M was used as the minimum for inclusion in the
study, though this selection was modified to provide a limited.
number of necessary connecting links and to make each
railroad's electfified segments cohesive from an operating
standpoint. The result gave a national network of about 26,000
route~miles.: Within, this netwérkywéasmaller-more‘heavily used
core of -about 10,000  route-miles:was also identified, primarily
on the basis of each link carrying at least 40 MGTM/M. The
remainder of the 40,000 route-miles was dropped as being
unlikely to meet the financial criteria needed for

electrification.

This original 10,000/26,000 route-mile network was used for
the initial economic analysis, but subsequently it was modified

for a variety of reasons. For example:

1. 1978 was the year of a strike against the Norfolk and
Western, and consequently its traffic for that year
was abnormally low. Several links that had not



originally been included were added when an average
of 1977 and 1979 densities was substituﬁed;

2. Traffic patterns had been, or aré expected to be,

changed because of intervening mergers such as CSX;

3. Some railroads requested deletion for operational

considerations of certain segments that from a density

standpoint had been included; for example,
Longview-Fort Worth on Missouri Pacific and

Denver-Pueblo onABurlington Northern;

4, Traffic growth since 1978, primarily coal, has
resulted in new lines being added such as Salt Lake
City-Los Angeles on Union Pacific and Elkhorn
City-Sﬁartanburg on Clinchfield;

5. Two links originally included, Fullerton-San Diego on
Santa Fe and Albany-Croton/Harmon on Conrail; are
predominantly passenger routes and were dropped when

the study became more commercially-oriented.

The'map shown in Figure 2-1' depicts the' Final network which
was,analyzéd-for*éléctrifibation:*“~Coﬁsiéting“bf'ninety-six
route segments belonging to sixteen railroads, it is a truly
national network which links most major traffic centers. Route
segments range in size from 36 to 1,035 miles in length ana
typically connect endpoints that are existing yards or crew

change points.

*A table llstlng ‘the individual llnks included in the network
is given in Appendlx cC. .
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The percentage of total traffic on a route segment that
would actually be hauled by electric locomotives varies from
virtually 100 percent down to slightly over 50 percent,
depending on factors such as the amount of local switching
service and the presence of traffié moving to and from

non-electrified lines at intermediate points. Table 2-1
' defines how the potential volume of electrically-hauled traftlc

is distributed over the mileage of the network.

A significant percentage of the route-miles in the network
actually consist of more than one track, and all routes include
some amount of yard trackage and sidings that for operating
purposes would need to be electrified. These numbers are.
broken out in Table 2-2, which also indicates the relative
curvature, a factor affecting the cost of construction.

2.3 CONSTRUCTION SEQUENCING

The initial planning phases of the FRA electrification
initiative were designed around the concept of a
federally-assisted program that would promote the rapld
électrlflcatlon of a network cons1st1ng of segments of several
dlfferent rallroad companles." Anhéérly questlon whlch needed
to be answered was the time requlred to complete such a
program. With the help of Electrack, Inc., a hypothetical
construction schedule was devised which included an arbitrary
‘constraint that for planning purposes construction would be
limited té 1,000 route-miles in any year. This rate is less
than the nearly 1200 miles per year achieved in the USSR during
a 15 year period from 1955 to 1970(6] and could reasonably be
accomplished with an écceptable level of service disruption by



TABLE 2-1. DISTRIBUTION OF ELECTRICALLY-HAULED TRAFFIC

TRAFFIC DENSITY RANGE

~PERCENT OF ROUTE MILEAGE

Greater than 40 MGTM/M
30 - 40 MGTM/M
20 - 30 MGTM/M

Less than 20 MGTM/M

41.0

28.6

27.0

‘TABLE 2;2. TRACK CHARACTERISTICS

Total Track-Miles

ROUTE MILES
CURVATURE CATEGORY 1-TRACK 2-TRACK - 3-TRACK 4-TRACK TOTAL
Tangent to Light Curva- 14,930 9,473 289 82 24,774
ture (0-1° Avg.) - CoL . . I L e )

1 Medium Curvature | 2,172 i;iéi Togs T T4t 3,460
(1°~to 3° Avg.) RS - AR o '
Heavy Curvature 287 154 6 1 448
(>3° Avg.) '

17,389 10,789 380 124 28,682

Track-Miles . 17,389 21,578 -1,140 496 40,603
Sidings & Yards 9,575

50,178




a half-dozen design/construct teams operating simultaneously
under the following conditions:*

1. Standard catenary and substation designs;

2. Coordinated deployment of design/construct teams: to

minimize relocation time;
3. Prior definition of lines to be electrified;
4, Availability of engineering data from the railroads.

While it was necéssary to demonstrate that a program of
this magnitude could be carried out within a reasonable period
of time, our use of arbitrarily-assigned starting times fbr the
electrification of individual links resulted in distortions in
the economic analysis because of the effects of traffic growth
on those links. begun later in the program. Therefore, in our
final analyses we established the Begin Design Engineering date
of the first link of each railroad as January 1, 1982. Each
individual link would still require the same length of time for
design and construction as estimated earlier, and those
railroads with fewqf?miles to be electrified would complete
their program soonér, but by establishing a uniform starting
date the economié’returns_to the individual railroads would be
more nearly comparable. Table 2-3 dompares the route-miles
placed in service annually under each of the two schedules. It
is recognized that the uniform schedule results in the
theoretical construction of greater’than 1,000 route-miles
annually in the early years of the program. The results |

presented in this report are for the uniform schedule.

*See Appendix D for a more thorough discussion of the
assumptions made in developing the construction schedule.



6-¢

. 10-121-82

MILES

TABLE 2-3. CONSTRUCTION. SEQUENCE ROUTE MILES PLACED IN SERVICE*

Z ' 7 1.1 1

Initial Uniform
Schedule

1985 1990 1995 2000 2005

YEAR
Note: Total miles electrified for the two schedules

differ because additional Segments were added to
the network for study under the uniform schedule.



2.4 TRAFFIC LEVELS

Table 2-4 summarizes the characteristics of the traffic
hauled in three types of service on the 10,000 mile core and
the full 29,000 mile network. While a majority of the traffic
is hauled as "normal" traffic with no special operational
procedures, roughly 25 percent is hauled in "expedited" service
with additional motive power'used to reduce running time. The
term "bulk" service, as applied to this analysis, refers to
certain unit trains carrying coal, ore or grain. The run time
of these trains often differs from that for normal service as a
result of several factors: (1) dispatch at levels approaching
the minimum traction réquirement of the rﬁliné grade,

(2) bypassing of intermediate yards, and (3) speed restrictions
on open-tcp hopper cars. Not all railroads operate unit trains
significantly different from "normal" traffic and therefore
made no distinction in reporting the operating paraméters.

Thus only eight percent of the_traﬁfic in this study is

TABLE 2-4. TRAFFIC CHARACTERISTICS FOR THE 10,000-MILE CORE AND
29,000-MILE NETWORK

TYPE OF SERVICE N

- T ALL
BULK NORMAL EXPEDITED TRAFFIC

10,000-Mile Core )
1980 Traffic (BGTM/YR)* 38 351 135 524
Route Miles Served 1 1,075 9,860 8,750 9,860
1980 Traffic Density (MGT/YR)** 36 36 15 53
Annual Growth Rate Through 1990 4.8% 3.7% 1.3% '3.2%
- 29,000-Mile Network :

1980 Traffic (BGTM/YR) 76 788 265 ) 1,129
Route Miles Served 3,485 28,680 26,790 28,680
1980 Traffic Density (MGT/YR) 22 27 10 39
Annual Growth Rate Through 1990 4.8% - 2.9% 1.2% 2.6%

*Qillién gross ton-miles per year.
**Million gross tons per year.
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identified as moving in bulk service. This number is expected
to grow, however, based on current trends in many railroad
operating departments and as a result of anticipated large

increases in the movement of coal.

The composite traffic density of all categories is
39 million gross tons for the network as a whole, and
53 million for the 10,000 mile core, essentially unchanged from
the levels of 1977* which is in agreement with the traffic
statistics of the entire U.S. rail svstem[7]([8].

2.5 MOTIVE POWER REQUIREMENTS

The basic performance requirements of a locomotive consist
are: (1) sufficient traction to climb the ruling grade on the
route, and (2) sufficient power to move the train over the
route in a specified time. A consist is ideally matched to
these basic requirements when it has just sufficient power and

traction capability.

The range of power and tractlon capabllltles of tne diesel
K
locomotlve types now in service 1s qulte dlverse. Table 2-5
identifies the characteristics of representative diesel road

locomotives in service on the network. Tractive effort is

-related to the weight on drivers, number of traction motors,

and the power output of the prime mover. For a given train
weight, the continuous tractive effort required becomes areater
as the gradient increases, but a relatively fixed amount per
axle is available at a given adhesion rate. Over heavy arades,
therefore, the tendency will be to use six-axle locomotives to

increase tractive effort. However, where there are few or no

*See Reference 3, Tahle C-2, an FRA staff study supporting
Reference 3.



TABLE 2-5. DESIGN CHARACTERISTICS AND COST IN 1980 FOR DIESEL LOCOMOTIVE
TYPES USED IN THE NETWORK STUDY .

TYPE 1 TYPE 2 TYPE 3 TYPE 4 TYPE 5 TYPE 6 TYPE 7

TYPICAL MFRS,
-MODEL NO.: v :
GEN. MOTORS GpP-38 SD-38 GP-40 SD-40 SD-45 GP-50 SD-50

GEN. ELECTRIC U-23B U-23C " U-30B U-30C B-36-7 C-36-7
Rated Horse- 2,000 2,000 3,000 3,000 3,600 3,500 3,500
power *

Rail Horsepower** 1,700 1,760 2,550 2,550 3,060 3,000 3,000

No. of Axles* 4 6 4 6 4 4 6
Weight/Axle* 64,000 59,300 64,000 61,300 61,300 65,000 65,000
Adhesion .18 . .18 .18 .18 .18 .25 .25
Capability ’ :

Cont. Tractive - 46,000 64,100 46,000 66,200 66,200 65,000 97,500

Effort at )
Adhesion Limit*

RHP/1b of T.E. .037 .027 .055 .039 .046 .046 .031
$/Unit 630K 730K 660K 760K 830K 700K 820K
COST $/RHP 371 429 1259 299 272 233 273
oo $/1b of ¢ '13.75°7" 11050 14.25 11.75  12.50 10.75 8.50

*Source: Reference([9].
**Rail horsepower = RHP = 0.85 x rated horsepower (assumed).

gradients, a four-axle locomotive will provide adequate
continuous tractive effort at lower cost. In a fleet reaquired
for work with both types of need, the final choice is of
necessity a compromise to avoid too great a number of
locomotive tymes, and the result is neither full utilization of
tractive effort or powér rating., There will be similar
compromises when considering the type of electric locomotive to

be used. . .



When considering the use of a single locomotive type
against the use of two or more types more closely related to
exact needs, there are two questions to be answered: (1) does
the inherent higher power-to-tractive effort capability of the
electric locomotives warrant more widespread use of multiple
types on a route segment or railroad, and (2) what is the
‘optimum ratio of power-to-tractive effort capability for the
type or types that predominate?

This study resulted in most cases in a single electric
locomotive type for each segment, optimizing use of its
traction and power capabilities. In some cases marginally
bettér results might be obtained from using two or more types
of electric locomotives but such considerations are more

- appropriate to a detailed study.

Three electric locomotive types were defined with the
characteristics listed in Table 2-6. The Type One electric is
a four-axle unit similar to the General Electrié E-25 now in
service at the Texas Utilities Company. ‘The Type Two is a
six-axle unit with an intermediate power rating. It is not
represented by any unit currently marketed. The Type Three is
-also a six-axle unit, but with a higher power-rating. It is a
slightly more poWerful'version-of GE's E-60 and EMD's GM-6.

The factor of adhesion for all electrics was assumed to be
25 percent. The Types Six and Seven diésels have impro&ed
wheel-slip controls giving them also an assumed 25 percent
factor of adhesion. All other diesels are assumed to have an
18 percent factor of adhesion. Since fewer than one percent of
the diesel units in service have improved adhesion, in essence
the study compares electric locomotives having 25 percent

adhesion factors to diesel locomotives having 18 percent
adhesion factors and, as such, estimates the benefits for

conversion from the existing diesel fleet to electric
traction. 1In any detailed financial evaluation for investment-
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TABLE 2-6. DESIGN CHARACTERISTICS AND COST IN 1980 FOR ELECTRIC
LOCOMOTIVE TYPES USED IN THE NETWORK STUDY

LOCOMOTIVE TYPE TYPE 1 TYPE 2 TYPE 3

Rail HP 2,500 4,000 6,000
Number of Axles ‘ T4 6 6
Wt./Axle (1b) | 65,000 65,000 65,000,
Adhesion Capability . - .25 .25 .25
Cont. Tractive Effort at 65,000 97,500 97,500

Adhesion Limit

RHP/1b of Tractive Effort .038 .041 .062
$/Unit : 720K 1.2M l.4M
Cost  $/RHP . 360 300 233

$/1b of T.E. ) - 11l.10 - 12.30 14.40

purposee it would be prudent also to compare the replacement of
existing dlesels w1th 1mproved diesels. From such studles it
would be 90551ble to dec1de whether to electrlfy or to evolve

»to improved. d1ese1 tractlon at lower beneflt but much lower

capital 1nvestment.

Tabie 2-7 presents the locomotive requirements of the
29,000 mile network. The 2,550 rail horsepower, six-axle
diesel dominates the existing service while the 6,000 rail
horsepower, six-axle electric would be expected to be the
successor. The selection procedure adopted was to replace
diesel units on a segment with electric units that have
precisely the traction capability required on the ruling grade
and a minimum of power in excess of the current diesel dispatch
level. This assured that the current operational capability
was maintained. Working strictly on a comparison of the ratios

2
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TABLE 2-7. CALCULATED LOCOMOTIVE REQUIREMENTS FOR A
29,000-MILE NETWORK

QUANTITY REQUIRED BY TYPE OF SERVICE

DIESEL .
LOCOMOTIVE TYPE BULK _ NORMAL EXPEDITED TOTAL

Type l: 4-Axle

1,700 Rail Horsepower 19 632 121 772

Type 2: 6-Axle

1,700 Rail Horsepower -0 ; 21 0 21

Type 3: 4-Axle - )

2,550 Rail Horsepower 0 499 270 769

Type 4: 6-Axle :

2,550 Rail Horsepower 137 : 1,755 728 2,620
| Type 5: 6-Axle .

3,060 Rail Horsepower 0 408 242 650

Type 6: 4-Axle :

3,000 Rail Horsepower 13 21 7 41

Type>7: 6—-Axle ‘ _

3,000 Rail Horsepower 0 0 0 0

TOTALS T 169 3,336 1,368 4,873

ELECTRIC

LOCOMOTIVE TYPE

Type l: 4-Axle

2,500 Rail Horsepower 0 30 0 30
Type 2: 6-Axle .

4,000 Rail Horsepower 100 = . 247 26 373
Type 3: '6-Axle _

6,000 Rail Horsepower 0 1,245 . 502 1,747
TOTALS 100 - 1,522 528 2,150




of rail horsepower to tractive effort in Tables 2-5 and 2-6,
diesels would be replaced by electric types as follows:

Diesel Type Electric Type
1, 2, 7 1
4 2

3, 5, 6 3

If the type four'diesel were ideally matched to the power
and traction requirements on a route, the type two electric
would be expected to be predominant. Such is not the case.
Diesel consists are dispatched with considerably more tractive
effort than required for the ruling grade in order that the
power rating be sufficient for schedule requirements. Thus,
with the replacement philosophy adopted, the type three

electric actually predominates.

Based on the dlstrlbutlon in Table 2- =7, the optlmum
electrlc locomotlve, capable of providing service equ1valent to
the present diesel fleet while simultaneously making fullest
utilization of power and traction capabiliﬁy, has a power
rating in excess of 4,000 rail horsepower; possibly even
.greater than 6,000 horsepower but this is conjecture because no.
greater horsepower-unit was ‘included” #n the evaluation.
Detailed studies of ‘a ‘much more technical nature (including
research into the best ways of exploiting what is quite a
different power supply demand) would be required before the
decisions on electric locomotive size and types were made. The
present study suggests that a locomotive in the 4,000 rail

horsepower range would be needed for "bulk" haul where the
prime criterion is adhesion, but that for "normal" and
"expedited" service locomotives of higher horsepower would be

more economical.




2.6 ENERGY CONSUMPTION AND ENERGY COST PROJECTIONS

"Figure 2-2 shows the consumption of electrical energy on
the rail network through the 28 yeaf period of construction.
The change in slope in 1990 is fhe result of assuming all
traffic growth terminates in that year.- Hence, when
construction is completed in the year 2010, railroad energy
consumption becomes constant at 30 million megawatt-hours per
year. The corresponding consumption of diesel fuel on the rail
network in the year 2010, assuming electrification does not
occur, is 2200 million gallons or 52 million barrels pér year.,
This fuel consumption is less than one percent of the total

petroleum products consumed in the U.S. in 1980[10].

Table 2-8 shows railroad energy consumption by Bureau of
Census regioh and the percent of 1980 regional electric utility
energy production that railroad electrification represents.
The total electric energy consumed by the coﬁpleted rail
network based on 1980 traffic levels is approximately one
percent of total 1980 electric utility energy production. The
Bureau of Census region which has the largest railroad energy
consumption in percent. of 1980 electric~utflity energy :
production=isrthe-Mouﬁtain‘regionSWitthMJ percent followed: by
the West North Central region with' 2.4 percent.. In the
previous FRA study[4], the Mountain region was identified as
possibly having inadequate electric generating capacity to

handle railroad electrification.

Total electric utility energy production in the U.S.A. is
projected to increase by 3.6 percent per year from 19830
to 1990[11]. By Bureau of Census region,'the projections are
4.7 percent per year for the Mountain region and 3.8 percent
per year for the West North Central region. If electrification’
of the network were accelerated and completed uniformly over |

the 1980-1990 period, then the projected total utility energy
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TABLE 2-8. RAILROAD ENERGY CONSWMPTION AND COST OF ELECTRICITY
BY BUREAU. OF CENSUS REGION

’ - ' RAILROAD ENER.
_ RAILROAD 1980 ELECTRIC CONSUMP. PER 1980 COST
BUREAU OF , ENERGY UTILITY ENERGY ELEC. UTILITY OF ELEC-
CENSUS REGION CONSUMP.* PRODUCTION[11l] ENERGY PRODUC. TRICITY**
MWH x 1,000,000 PERCENT #/kWh
1. New England ' 0 78 0 5.3
2. Middle Atlantic 1.4 261 0.6 4.5
3. East North Central 2.4 397 0. 4.1
4. West North Central 3.9 . 168 2.3 4.1
5. South Atlantic . 3.3 . 418 0.8 .6
6. East South Central 2.1 214 1.0 3.
7. West South Central 1.9 313 0.6 o
8. Moutain 5.5 159 3.5 2.8
9. Pacific 2.6 269 1.0 2.5
TOTAL 23.2 2,277 1.0 3.4 Avg.
‘ *Based on 1980 traffic levels for a 29,000 route-mile electrified network.

**Tndustrial rates.

West South Centrg

1 = Reglon #+ for FRA use.

12-006-32

\O



production would increase by less than 0.1 percent per year.*
By Bureau of Census region, the projections would increase )
from 4.7 to 4.9 percent per year for the Mountain region and '

from 3.8 to 4.0 percent per year for the West North Central
reqgion.

Table 2-9 shows the powér line reaquired to connect traction
substations to the existing utility substations and power
line. The new power line voltage is 115, 230, or 345 RV
depending on the closest ekisting power line. The average
number of circuit miles installed annually by the utility
industry is just over 10,000{11], so that if the 2400 miles
required for the electrification network were installed over.
25 yeafs, the installation rate would be increased by less than
one percept.’ '

The cost of electric energy and diesel fuel are expected to
rise at a rate faster than general inflation.  For the base:

case, electric energy cost is assumed ‘to }ncrease‘by two
percent per yvear and diesel fuel by three percent per year ‘
above general inflation until year 2000. This is handled in 7
the model by an annual increase of 2.3 percent in diesel fuel ywd

cost and no escalation in the cost of eTertr1c1tv in excess of

qeneral infiation.' The" procedure for developlng the relative.
escalation from various forecast data is described in

Section 4.1.2. Beyond year 2000, no relative escalation is

assumed.

2.7 NETWORK INVESTMENTS

Tables 2-5 and 2-6 contain the unit cost of each locomotive
type considered in the study. Table 2-8 contains the cost of

*Railroad growth is not included here. .




TABLE 2-9. MILES OF NEW POWER LINE REQUIRED FOR
RAILROAD ELECTRIFICATION

NEW POWER LINE REQUIRED FOR
BUREAU OF CENSUS RAILROAD ELECTRIFICATION
REGION (MILES)
1. New England 0
2. Middle Atlantic 74
3. East North Central 297
4. West North Central 375
5. South Atlantic 374
6. East South Central 244
7. West South Central _ 320
8. Mountain 425
9. Pacific ) 2717
TOTAL 2,386

*Based on a ?9L0001rougefm§¥eié%ﬁz_E}g?trified Network.
‘ L Xﬁ R A e e ,
electricity for each Bureau of Census region. These two sets
of unit cost factors illustrate the manner in which costs are
developed as a function of critical design and operating
variables. Further discussion of cost de?endency on critical
variables is contained in Section 4.1.1. 1In this section the
weighted average costs, as derived from the study results, are
compared with costs appearing in the previous FRA studies.
Column C of Table 2-10 summarizes the weighted average cost

factors.



TABLE 2-10. COMPARISON OF AVERAGE ELECTRIFICATION COST FACTORS

A* (1977 B* (1980 C (1980
DOLLARS) DOLLARS) DOLLARS)
WEIGHTED
AVERAGE COSTS AVERAGE COSTS AVERAGE COSTS
CATEGORY (THOUSAND $) (THOUSAND $) (THOUSAND $)
Capital Costs (per route mile):
Catenary - Single Track 103.5 175.0 141.3
- Double Track 190.5 3 318.0 279.6
Substations - Single Track 34.0 87.0 34.1
» - Double Track 62.0 158.0 48.2
Signal and Communications
- Single Track 52.5 ' 142.0 100.0
- Double Track 77.5 210.0 100.0
Civil Reconstruction
- Single Track 27.5 53.7 31.7
- Double Track 41.25 78.9 31.7
Utility Connection Costs "~ 10.0 o 15.0 17. 5//f
' S o
Operating Costs: /kvyb
Diesel Energy (¢/gallon) 42.0 . 85.0. 100=<
Electric Energy (¢/kwh) : 2.7 4,23 3.4 //>
Diesel Loco. Maint. (¢/unit-mile)  68.0 " 133.0 133.0
Elect. Loco. Maint. (£/unit-mile) 29.0 65.0 85.0
Catenary Maint. - Double Track '
($/route-mile/year) o ' 2.0 5.0

SRS R B A 5 A TERE R R :'-'»L_‘;"_g.

Locomotzve Costs (thouSand $ pér . W oTaly
unit: $ per rall hp)-@-' e i et :
‘Diesel S 500 ¢
Electric . 1,000

732 ¢ 295
: 243

%76

*Taken from Table 1, Ref. 4. A refers to 1977 FRA study (Ref. 3); B refers to
1980 FRA study (Ref. 4); C refers to present study.

The basic change with respect to the "B" results is a
reduction in the capital cost factors as a result of several

changes:

1. Separate itemization of fees for design and
construction engineering that were previously included

as part of each fixed plan investment;




2. Révised unit cost estimates;

3. Revised estimates of design complexity based on
route-specific data.

Table 2-11 compares the net investments and net annual
savings for thé 29,000 mile network and 10,000 mile core ("C")
with those of the previous FRA studies of 10,000 and'26,000
mile networks ("A" and "B"). The net investment in the "C"
network is nine percent less than in the "B"‘network even
though it is 3,000 route-miles longer. This results primarily
from the factors as described in the previous paragraph which

are discussed in more detail below.

TABLE 2-11. NET INVESTMENTS AND NET ANNUAL SAVINGS DUE TC ELECTRIFICATION

At - R¥ ~

(1977 DOLLARS) (1980 DOLLARS) (1980 _PoLLARS)
10,000-M1 26,000-MT 10,000-M7 26,000-M1 10,000-MT  2a,000-MT
CATEGORY NETWORK NETWORK NETWORK NETWORK CORE NETWORK
Route-miles: 10,000 26,000 . 10,000 26,000 9,860 26,681
Traffic: SR :-§5qz.§7§ i~-f-. o 5?2?479-; :'j 9fsésnb . ; aﬁaéﬂaé ? cn T 1.naa,7R
Investments ($M): g ) 7 % T ! N ) i 11,-“-
: ]

[ —

Catenary : M 1,660.6 2 7,802,2
Substations E o 516.4 .9 1.534.2
Utility Connections 100.0 .7 ]17.6
Signals & Communications 682.5 .4 7.,924.9
Civil Reconstruction . 381.6 .5 ana 4
Design Engineering - .5 1,347.4
Construction Engineering - .2 2021
Electric locos Purchased 1,800.0 31,400,0 2,770 5,240 1,835.8 TLA0A ]
Diesel Loco Purchase Avoided - - - - ~72,271.2 -4,246.8
Diesel Locos Released -1,700.0 =3,200.0 -2,690 -5,060 0 -a.a

Net Investments 3,420.9¢ 7,714,0 6,740 15,700 4,632.0 14,2714

Annual Costs and Credits (3M):

Electric Energy . 381.0 706.1 527 1,110 1%4.0 TR0
Electric Loco Maintenance . 96.6 182.4 217 409 1A6.4 00,0
Wayside Maintenance 2G.0 52.0 44 114 43.6 172.8
Diesel Fuel ~398.8 -739.2 -807 -1,500 -760.9 -1,%0n.0
NDiesel Locao Maintenance -370.0 ~f96.3 -724 -1,360 . | -542.2 - ~1,n80.0
Diesel loco Purchases -94.0 ~-178.0 -149 281 -55.7 ~£7.0
Electric Lnco Purchases - ~ ’ - - 51.2 Aa0,7

Net Annual Savings ’ 36%.2 £73.0 R22 1,508 74,5 1.424.1

*Taken from Table C-2, Appendix C of DOT/FRA Report (Ref. 1)
@See~ Appendix 1 - Frrata for Appendix ¢ of Ref. 1.



There is a 25 percent increase in the cost of caténary
construction for the network despite a reduction in cost per
unit-mile as indicated in Table 2-10. The increase is the
result of a 3000 mile increase in network size and inclusion of
9600 miles of sidings and yards in the estimate (see
Table 2~2). This increase was offset by the reduction in
substation cost, which resulted from downward revision of both
unit cost and quantity of substations.

"A number of alternative methods of calculating costs of
signaling were explored, but in the absence of detailed
eXamination of the existing equipment on each segment it was
considered prudent to continue to use a flat cost per mile
except where route-~-specific data were available, accepting that
this method may under or overstate the costs according to the
age and condition of the‘equipment ih_use. The reduction in

cost is the result of a downward revision in the cost per mile.

The number of locomotives (diesel and electric) reaguired
was significantly less than previously estimated, thereby
’significantly reducing the magnitude of these investments.
However, the net locomotive .investment now.indicates a
significant credit. whereas the previous.studies showed, an.
expense. This results from'the difference in procedure for
crediting diesel locomotives not required. 1In the previous
studies, it had been assumed that the locomotives displaced bv

electrification would be a cross section of a fleet with a life

of 18 years equally distributed. Credit was taken for sale or
use elsewhere at a price based on straight line depreciated
value in the ninth year. Credit was also taken each vear
thereafter for the avoidance of capital expenditure on
replacing 1/18 of the diesel fleet which had been displéced bv
the electrification.



The capital cost of new electric locomotives was included
in the capital outlay, and the cost of replacement after a

30 year life was included in the cash flow calculations.

It was consiaered that, for the larger railroads, these
assumptions simulated the likely situation for electric
locomotives, but were not realistic in portraving the capital
expenditure associated with the diesel locomotives displaced.
Therefore, it was assumed that the larager railroad would have a
diesel locomotive replacement program based on acaquiring each
year new locomotives edqual to‘1/18 of the whole fleet. |
Further, that when the electric locomotives took over the work
of a given number of diesels, the railroad would reduce their
replacement program by an equivalent number of diesel
locomotives and that there would be a credit of this amount of
capital expenditure avoided to the éimulation of _
electrification. The avoidance of a sihilarAcapital
expenditure each 18 vears was also credited. An estimate was
made of the annual replacement need for line-haul diesel
locomotives by the railroad concerned. Where this exceeded the
annual building program for diesel locomotives, the credit was
spread over up to three years starting with the first year of

electric operation.

In comparison with the method of the previous studies,
there has been a shift in the railroad cash flow; credit for
the capital expenditure for diesel locomotives at the onset of
electrification df any seament is greatiy increased while the
annual credit for diesel purchases during each vear of
operation has been reduced to a single credit every 18 vyears.
For a few of the smaller railroads the proposals for
electrification displaced the majority of their diesel
locomotives over a relatively short period and the general
method outlined above was inappropriate. In these cases the

method of the previous studies was retained.



’ While this study did not postulate any seaments in
operation in 1980, the previous studies had assumed all routes
in operation in their base year. For comparison of results,
the annual costs and credits shown in Table 2-11 are therefore
for operation of all segments at the 1980 traffic level. The
net annual savings of the "C" network is six percent less than

in the "B" network.

The total cost of diesel fuel is vunchanged, the increased
cost per gallon being offset by a reduced estimate of
consumption. Electricity cost is teduced4as a result reduced
avérage costs per kilowatt-hour and reduced consumption. Both
diesel and electric maintenance costs are reduced as a result
of the smaller fleet sizes. Data provided by the railroads on
dispatching rates were used which had the effect of reducing
the energy consumption. It also reduced the number of
locomotive miles and thus the locomotive maintenance costs,
although the diesel maintenance cost per locomotive-mile had
been held constant in the last two studies. |

The significant change is the increase in percehtaqe of net
~sav1ngs attrlbuted to. electrlc enerqy. sav1nqs over. dleqel

fuel -In the "A" stq@y, energy sav:ngs accounted for five
percent of the net savings. In thé ‘npgn study, it -was

25 percent. 1In this study, it is 56 percent. Maintenance
savings between electric and diesel have bécome increasinaly
less dominant, until now the enerqgy and maintenance savings are

nearly equal.

2.8 RATE OF RETURN CALCULATIONS -

The rate of return (ROR) reflects the benefits derived from
the capital expenditures, regardless of the source of funds,
for each segment as it is completed. Calculated this way,

changes in the provision of investment funds between the thrge




parties concerned has no effect on the ROR for the project as a
whole. No attempt has been made to evaluate the synergistic
effect of multiple sectors being electrified, nor has any
alloWance been included for any qfeater attractiveness of the
service offered, although these can both be significant factors

for consideration in individual railroad proposals.

An alternative approach discounts the cash flow of the
project at 10 percent a year and calculates the net present
value surplus. '

The model can calculate either of these measurements for
each sector, as well as for all of the segments of a railroad
and for the entire network.

The network results are cdmpared with previous FRA results
in Table 2-12. The ROR is substantially greater, primarily
because the. previous studies did not considér that conversion
of the network would require a finite number of years, thereby
allowing traffic to build to higher levels on manv of the
routes before conversion. There has been a much more detailed
examination of the traffic forecasts and diSpatchllevels, and
refinement 'of “the 'unit costs ‘as:discussed elsewhere in this

report. 1In addition, avoidance of new diesel purchases during

TABLE 2-12. RATE OF RETURN FOR THE THREE NETWORK SCENARIOS

- (PERCENT) ‘
A (1977) . B {1980) i [of (1982)_
W/0 FUEL W/FUEL W/Q FUEL W/FUEL W/0 FUEL W/FUEL
SCENARIO CIFFERENTIAL DIFFERENTIAL =~ DIFFERENTIAL DIFFERENTIAL DIFFERENTIAL DIFFERENTIAL

10,000 Route-mi .
Network (Core) C12 15 14 17 18.9¢ 25.5@

26,000% Poute-mi : _ .
Network 10 12 11 14 14.4@ 19.4

*29,000 Route-mi in C (1962) Analysis
@Constructed from other computer model runs.




the investment period produces more credit than does selling of

the excess used diesels at their market value.

Of more 'significance is the wide variation in ROR among the
96 segments as summarized by the table inéet in Figure 2-3.
Analyses were made to determine the oberational of performance
factor most influential ih establishing the ROR. The graph in
Figure 2-3 is a linear regression plot of ROR versus traffic
density, the traditional figure of merit used to identify
routes SUitable for electrification. The numbers scattered
about the straight line locate the ROR and traffic density for
individual route segments. The numbers (0-10) are weighting
factors which indicate the relative influence of each point in
establishing the regression line. The weighting factor

accounts for variation in annual traffic on each route.

' . The straight line is a least squares fit of thé points and
the W on the line is the location of the mean value. If the
points all fell on the straight line the correlation és
measured by the R-squared computation would be 1.0[12]. The
R-squared value for traffic density is 0.56.

Figure 2-4Vis~é linear regfeésibn plét~of ROR versus diesel
fuel consumption per'routé mile pér year. -This was the best
éingle variable correlation found, the R-squared value '
"being 0.74.  Fuel consumption implicitly includes traffic
density, bﬁt also brings in the effects of dispatching policy
and gradient. Thus a route which is heavily araded with a high
HP/ton dispatch policy will benefit more from the fuel
differential and locomotive maintenance savihgs between diesel
"and electric motive power at any given traffic density.
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An empirical relation using the equation constants at the
bottom of Figure 2-4 could be used to develop a rule of thumb
for determining whether a route is suitable for
electrification. While it would provide a better estimate than
traffic density, there are obviously other route-specific
factors which can have significant effect on the ROR. An ROR

analysis assures inclusion of all such factors.

2.9 FINANCING ARRANGEMENTS

Real Interest Rates

In this analysis, interest rates were divided into two
components - compensation for the use of money (real interest)
and compensation for inflation. The base case was calculated
throughout at constant 1980 prices, and fof the cost of funds
for investment a "real" rate of interest was used, excluding
the inflation element. Separate runs of the base case data at
varying inflation rates were made to show the effect of ‘

inflation on the results. ‘

ty [ S e

f':,,Themhbééiﬁ%ji&iaééept different rates;?f real intefest for-.
the two divisions of investment, utility and external funding,

reflecting the differing degrees of risk associated with each.

Variation in the Funding of the Investment

In the base case, the cash outlay for catenary, substations
and utility connections was considered to be partially financed
by the external funds as Table 2-13 indicates.




TABLE 2-13. BASE CASE: OUTLAY STRATEGY

’ EXTERNAL
($ INVESTMENT BY) * RAILROAD FINANCE UTILITY

Catenary ~25.0 75.0 0.0
Electric Locomotives 100.0 0.0 0.0
Substations 50.0 0.0 50.0
Utility Connections ‘ 0.0 0.0 100.0
Signal & Communication

Compatability 100.0 0.0 0.0
Civil Reconstruction 100.0 0.0 0.0
Systems Engineering ' 100.0 0.0 0.0
Construction Engineering 100.0 0.0 0.0

Figures 2-5 and 2-6 show the effect in total of the

- financial commitment by each of the three parties cumulatively

over the life of the prOJect

In each case, a cumulative outlay is shown which represents
the gross indebtedness incurred, before considering benefits or

repayment of 1nterest or capital by another party, or benefits
b

“to the rallroads from the: electrlflcatlon;_ In the cases of
external and utlllty outlay, the totél ingreases until all
sectors have been constructed, and thereafter remains
constant. In the case of railroad outlay there is a cyclie
credit for avoiding investment in diesel locomotives that can
be observed as a tesult of the different life expectancy of
diesel and electric locomotives; after an initial period where
the outlays exceed the negative element there is a period where
the avoidance of purchase of further diesel locomotives at the
end of an 18 year life is not ralanced by the purchase of
further electric locomotives (30 year life). Thus the '
cumulative outlay redgces and then increases again over cycles

of about 20 years.

N
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The net cumulati&e outlay depicts the situation when the
benefits of electrification are included. The peak outlay by
the railroad and external fund is approximately $2B while for
the utility'industry it is $400M. The external and utility net
outlay includes payments by the railroads. In each case, the
benefits match the outlays in the yéar 2004 and thereafter both
show a negative outlay, which basically reflects interest
payments. If these are excluded, the_net'outlay reaches zero
at the end of the study period. In the case of the railroad,
initial benefits do not balance outlay, since much of the cost
reduction is absorbed by annual payménts for the external
finanéing, and to the utility. However, as the electrification
of the network proceeds, capital expenditures by the railroads
decrease, and -10 and 20 years after startup, payments cease for
utility investment and external financing. The result, shown
on Figure 2-5, is a rapid and sustained increase in railroad
net cash flow. -

Alternatives were explored under which proqreséively more
of the project was financed by the external sources and for the
case in which the entire investment cost .is handled by the
railroad. These chanqes‘would have nb effebt on the return on
inVééEment of the project but affect radically the 'gearinag' of
the railroad investment.

Table 2~14 illustrates the wvarying investment strategies
that were examined for their effect on the railroad cash
flows. The bar chart of Figure 2-7 indicates the portion of
the maximum net outlay éssumed by the'railroad, external fund
source, and utility industry for case numbers 100, 105} 306,
and 307.



TABLE 2~14. OUTLAY STRATEGIES CONSIDERED

CASE NUMBER
INVESTMENT

ITEM 100 101~ 102 103 104 105 306 307

CATENARY E-1008@ E-100 E-100 E-100 E-100 E-100 R-25@ R-100
E-75
SUBSTATIONS E-50 E-50 E-50 E-50 E<S50 R-50 R-50 R-50
U-508 U-50 U-50 U-50 U-50 U-50 U-50 U-50

UTILITY
CONNECTIONS U-100 U-100 U-100 U-100 U-100 U-100 U-100 U-100
SIGNALS & R-25 R-25 R-75 R-75 R-100 R-100 R-100 R-100
COMMUNICATIONS E-75 E~75 E-25 E-25
CIVIL R-25 R=25 R-75 R-75 R-100 R-100 R~100 R-100
RECONSTRUCTION E-75 E-75 E-25 E-25
SYSTEMS E-100 E-100 E-100 R-75 R-100 R-100 R-100 R-100
ENGINEERING E-25
CONSTRUCTION E-100 E-100 E-100 R-75 R-100 R-100 R-100 R-100
ENGINEERING E-25
ELECTRIC
LOCOMOTIVES R-100 R-100 R-100 R-100 R-100 R-100 R-100 R-100

*Assumes a general rate of inflation of 7% annually; all other cases assume 0% inflation.

@R = Internal Railroad Financing
E = External Source of Financing
U = Financed by Electric Utilities

NOTE: Case 306 is ba§e case in this report.

2.10 SENSITIVITY TESTS

In any-feasibility study of the magnitude of the
electrification proposed, there are bound to be major factors

where the assumptions made have a significant effect on the

results obtained.

The time scale studied - 1980-2036 - itself presented
problems in defining a number of basic parameters. It is
virtually impossible to forecast accurately economic growth (or
recession), or the rate of inflation, or the price and
availability of fuel oil, for example, over a 56 year future

period.
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Many of the costs of electrification were, of necéssity,
theoretical estimates, based on experience elsewhere, and
largely unrelated to U.S. conditions. Major assumptions had tb
be made regarding the types of electric locomotive to be used,
availability, and maintenance cost. Assumptions regérding
operating arrangements for electric traction are fundamental to

the results obtained.

Figure 2-8 indicates the major areas of uncertainty which

were explored.

The first group of variables considered were those

concerned with physical performance:
1. ‘Rate of traffic growth;

2. Fuel costs and,the difference between the cost of
diesel fuel and electricity;

3. Locomotive maintenance costs.*

The next group of .variables related to the costs of the
‘electtiCulocomotiveSuthemselvest«vwwﬂflzzv~. ‘

RN CT e e A

1. The capital cost of locomotives;
2. Dispatch level (HP per ton):

3. Replacement ratio of electric to diesel.

*The locomotive maintenarce costs were éffected by the cost ver
locomotive mile, and the dispatch level.



g€-¢C

10- 260-92

More lo&xlemal
Eun :

Change in
‘ Allocation

[ Higher

Longer

PAY BACK PERIOD) I

| Hign

| High Dift.

L 4

INTEREST RATE INFLATION
Lower J Low l
| High
CONSTRUCTION v ]
COST <_/——— BASE CASE
Low I *
Higher

DISCOUNT RATE

Lower J

FIGURE 2-8.

!

Traffic Growth

l Nit

Negative

Y

[ Higher

FUEL

Nil 1

[ Higher Din.

'LOCOMOTIVE
MAINTENANCE

Lower Diff. |

s

CAP. VALUE OF
VEHICLES

| High

Low Diff.

L7

INBUT VARIABLES INCLUDdD IN THE S

T 1

REPLACE RATIO |
ELEC./DIESEL

Low J

Capital Cost per
Locomotive

Dispatch Level

{

ENSITIVITY STUDY

- — )




The third group of variables related to the costs of fixed

installations:
1. Cost of construction;
2, Change in pay back period;
3. Change in proportion financed by railroads.

Finally, alternative economic financial assumptions were

considered:

1. Discount rate;
2. Interest rate;

3. Inflation rate.

Initially, each variable was coﬁsidered independently.
Then the.variables were grouped to establish their significance
in total. In a simplified way this established the main areas
of risk associated-with the ‘calculations; although at this '’
stage né attémpt wés made (t@'provide ‘ai.detailed risk -analysis.

Figure 2-9 shows the effect of percentage changes of
selected variables on the rate of return on investment
established in the base case. For example, a 10 percent
increase in the capital cost of catenary reduces the rate of
return\byvabout one percent; a 10 percent negative variation in
traffic growth would reduce the rate of return by a lesser

amount, about 0.5 percent.

To establish the relative effect on rate of return, the
expected deviation of each variable from the nominal value must
be specified. PFigure 2-10 is a bar chart depicting the results

of sensitivity tests based on subjective opinions of the degree
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of risk associated with each parameter. For each variable, a

bar indicates the percentage change from the base case return

on investment caused by the chosen variation. The size of each .
bar indicates the degree of significance of the effect'of

changing a particular variable by the amounts shown at_the'top
of the chart. The total effect of cumulative variations of the
parameters of all variables in each group is also depicted.
Finally, the extreme range of a%l favorable /unfavorable
‘variations is shown. This is a highly unlikély situation and
is given only to show the robustness of the results. A
positive return on investment exists even under the least
favoréble combination of assumptions. The effect 6f inflation
at rates from five to 10 percent is shown by the dotted lines
identified with the right hand side of the chart.

The following paragraphs discuss the results of the

sensitivity test:

Physical Achievement

In this group, the possibility of errors in foredasting
future, traffic levels, fuel costs, and the difference in
locomotive maintenance costs was tested. - .These variables
proved to be the most sensitive and taken“togethér gave a range
of plus nine to minus seven percent around the result achieved
in the base case. Within the g;ou?, alteration of the fuel
differential between diesel and electricity to plus four
percent a year increased the rate of return by four percent; an
assumption of no increase in either diesel fuel or electricity
reduced the rate of return by two percent. Equally important
in this group was the effeét of changes in the aésumptions
regarding the relative costs of maintenance of diesel and
electric locomotives. an assumption that costs of electric
locomotive maintehance would be accurate at 85 cents per mile,
But that the maintenance costs of a diesel locomotive would be.

50 percent higher (Two dollars per mile) increased the rate of




return by four percent, while an assumption that the costs of
maintenance of both diesel and electric locomotives would be
the same (1.33 dollars mile) reduced the rate of return by five
percent. The third element in this group had a relatively
small impact - a 50 percent plus‘or minus assumption on the
rate of traffic growth made only two percent difference to the
rate of return.

Electric Locomotive Assumptions

The assumption that the capital costs of electric
locomotives might be one third higher, or lower, altered the
rate of return by one percent. Also tested was sensitivity to
variation in the assumptions on electric locomotive dispatch
‘levels, and availability. In each case, a 10 percent change
plus or minus had a negligible effect on the return on
investment. The range of effect for the whole group was from
plus two percent to minus two percent on the rate of return;
about as important in total as the effect of the least
important factor in the previous group.

Fixed Investment Costs

A e
!

In this group, the catenary costg cary be estimated with :
reasonable accuracy and a variationAof plus/minus 10 percent
was assumed. This changed the rate of return by less than one
pércent. The effect of an assumption of plus/minus 50 percent
on the costs of bridge and tunnel reconstruction costs (which
were theoretical estimates) also had no significant impact on
the rate of return. However, variation of the costs of
signalling and communications by plus/minus 50 percent did

change the rate of return by more than one percent.



Inflation

The effect of inflation was measured at five percent, seven
percent and .10 percent a year cumulative over the life of the
project. In each case, the return on investment increased by
slightly.more than the inflation rate.

Summarz

The results of the sensitivity analysis are summarized in

The rate of return is relatively'stablé even with wide up
and down changes in the basic assumptions. The largest
~deviations up and down from the base case for any one factor
are plus four percent and minus five percent, respectively,
which is of about the same magnitude as the effect of a five
percent inflation rate. Most of the other sensitivities were
below two percent plus or minus in their effects. However, the

group concerned with physical achievement (traffic growth, fuel

cost differential, and difference in locomotive maintenance
costs) were seen to be much more important than the other two

gIOLlpS. A . . IR I QTR ]
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TABLE 2-15. SUMMARY OF SENSITIVITY TO CHANGES IN ASSUMPTIONS

PERCENT CHANGE IN RATE OF RETURN

SENSITIVITY GROUP TESTED FAVORABLE UNFAVORABLE
Base Case* 19
Changes in:

Physical Achievement +9 -7

Electric Locomotive

Assumptions +2 -2

Fixed Investment Cost

Assumptions +3 -3
Inflation at:

5 Pércent/Year Cumulative +5

7 Percent/Year Cumulative +7

10 Percent/Year Cumulative +11

*In constant dollars.




3. MODEL DESCRIPTION.

A proposed investment project being considered by a
railroad may alter the cost of operation and the cuality of
service provided which may, in turn, affect freight rates and
traffic volume. To understand the manner in which these
variables interact to alter earnings requires an_analyéis at
the railroad "system" level with consideration given to rate
setting procedures, traffic demand forecasts, operational
alternatives, and financing and taxation strategies. ,
Frequently, a simplef concept is employed in which quality of
service, freight rates and volume of traffic are assumed to be
unaltered by the project being considered. The value of the
investment is then measured by the amount of opératinq cost
reduction that can be achieved.

Railroad electrification has been examined at»Both levels,
A study by SRI International[l3] examines the effect of several
rate setting philosophies. Traffic growth for electrified '
operation is assumed to be incrementally greater than for
diesel operation. .. This type of.analysis provides a.useful
measure of the economic value of electrification from the
railroad point of.view. ..Most.electrification . analyses,
however, assume rates, traffic and guality of service‘ére
unaltered by the conversion. From the»point of view of the
railroad, this approach may overstate or understate the
economic value; If a portion of the reduced operating costs is
actually passed on to the shipper through reduced rates and
service improvements, and that portion exceeds the increment of
revenue produced by an increase in traffic (new‘business), then
the simplified model would overestimate the wvalue. Conversely,
if the revenue from increased traffic exceeds the operatina
savings passed on to existing customers, the simplified model

underestimates the value.

[#8]
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In attempting to measure the overall effectiveness of
electrification as stated in Section 3.1 below, the issue of
apportioning cost reductions between shipper and consignee and
the issue of~acquiring new business at the expense of other
railroads or other transportation modes should not be
considered. For this application, the simplified model based
on the differential costs of opération is the appropriate

choice. The Rail Electrification Assessment Model is a

differential, discounted cash flow analysis based on identical

traffic, freight rates and guality of service for diesel and

electric operation.

The financial indek used in the model to measﬁre the time.
value of an investment is the internal rate of return (ROR).
This is the most frequeﬂtly used index in the railroad industry
for'aiscretionary investment projects[14] and is stipulated by
‘the Federal Railroad Administration in applications for Title V
assistance under the Railroad Revitalization and Regﬁlatory
Reférm Act of 1976 (4-R Act)[15]. The ROR is computed using
conventional procedures of engineering économy to determine the
time value of the differential cash flow which results when
;glectrification replaces diesel operatioh[l6].'

e A 7 PR s I3
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3.1 GENERAL STRUCTURE

The computet model used in this study calculates the costs,
savings and rate of feturn that result from converting to
electrified operaﬁion, route segments of any railroad or
combination of railroads that presently use diesel locomotives,
together with relevant statistics of operation. Results are
presented for each route segment, for the combined segments of
each railroad and for the combined segments of any number of

railroads.



The model was developed to use route and operational
characteristics which have the most significant effect on the
economics of electrification as route segment-specific input
variables. = The American Railway Engineering Association (AREA)
has identified the cost elements which should be consideredfin
making electrification economic studies[l17]. The cost elements
for this model, which closely résemble the AREA cost elements,
are described in Section 4.1.1. The cost elements were

discussed with, and agreed to, by the Planning Committee.

The model has the capability to:-

1. Accumulate statistical data pertaininag to the
economics of electrification of a network composed of
many route_segments:

2. Compare the economics of individual route segments.

The model can evaluate. only within the set of most

‘significant parameters included in its formulation. It does,

however, provides a uniform and expeditious procedure for
establishing the wvalue of electrlflcatlon on manv route'
segments.“ Thus, the model prov1des the capablllty to evaluate
the benefits of" electrlflcatlon 1n more detail over ‘a w1der
range of situations and with a higher level of confidence in
the results than has previously been possible using "average"

‘or "typical" characteristics.

The model has been formulated to use as input informetion
which has been shown to be significant in previous studies.
The procedure used for developing input data from basic
operational and rohﬁe characteristics of a segment is descrihed

in Section 4. This procedure was used for developina all of _
the input data in the FRA network study that was described in

. Section 2 even thouah feasibility studies were readily



available for some of the route segments from which to obtain

comparable. The methodology was valldated by comparisons with
these fea51b111ty results.

model input data. In this way all the results were ‘ .
Figure 3-1 is a block diagram portraval of the major
elements of the model. The blocks within the double dotted
lines identify the model functions performed by the computer.
To the left is the systemwide input data and aata specific to
the route segments (links). The two link specific data files
can accept data for any number of route segments to be -
evaluated. This data is processed sequentially bv route
segment to produce cost/benefit results for each. The
systemwide data contains some information that is invariant
across all links and some which varies by_geographic_region or
with type of equipment specified. The values for variable
systemwide data to evaluate a particular route segment are’
established from information contained in the Link Data File.

Many economic models specify as input data the cash flow on. .
a year-by-year basis. This is impractical when examiniﬁq a’
network that cons1sts of many segments,_each requ1r1nq a.
separate cash flow.: The approach adopted here ,is to have the~
model compute the cash flow of each route segment u51ng a
simpler set of input data that consists of "base vear" data, a
prescribed cohversion schedule and a set of growth and

inflation rates applicable over the study period.

The initial step in compdtinq cash flow over the study
period is to qrow‘the traffic-dependent data found in the Link
Data File. The function of the block in Figqure 3-1 entitled
"Apply Link and Network Growth Rates" is to compute and retain
traffic density. From this result, motive power reguirements
and energy ccnsumption on an operating route segment for each

year of the study period can be calculated. Data for both
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FIGURE 3-1. BLOCK DIAGRAM REPRESENTATION OF THE RAILROAD ELECTRIFICATION ASSESSMENT MODEL



diesel and electric operation is computed with no regard at
this point to when electrification occurs. The link conversion
schedule subsequently establishes what portion of the study
period is pertinent in determining costs for the economic

analysis.

To the right in Figure 3-1 is the output data presented for
each link and aggregated for each railroad and for all

railroads combined. The rate of return for individual links 1is
presented with and without the differential inflation of fuel

costs using equity funds, and as an option with the existence

of financing support from the external and utility funds.
A qualitative description of the input data blocks of
Figure 3-1 follows (Sections 3.2 and 3.3) as an introduction to

further discussion of 'the model methodology (Section 3.4). The

output data is described in Section 3.5."

3.2 ROUTE-SPECIFIC INPUT DATA

Link Data FileA '

The link data file contains the information required to
convert route and operational characteristics into investment
~and operating costs. The data is stored sequentially by route
segment for all segments that are to be anlayzed. Table 3-1
lists the data contained in the file for each route segment.
Traffic density (Item IIa), locomotive horsepower (Item IVa),
annual diesel purchase (Item IVf), and energy consumption
(Items Va and b) are for a specified year called the traffic
base vear. All other items are assumed to be independent of
traffic level. Diesel runtime and turnaround time (Items IVd
and e) are not used by the model for computational purposes and

are included only for recording in the output because they are



INFORMATION CONTAINED IN THE LINK DATA FILE FOR EACH ROUTE SEGMENT

TABLE 3-1.
ITEM DESCRIPTION OF CONTENT
I. Route Characteristics )

II.

ITI.

a. Route Definition

b. Trackage Electrified

Bridges and Tunnels

d. Ruling Grade
Traffic

a. Density

b. Growth

: o ta " PRI
-1 : AT Vi

c. Operatlng Route Mlleage

Wayside Electrified Equipment
a. Catenary Service Class

b. Substations

c. Utility Connection

Code number, railroad name;: end points
identified by name; Bureau of Census
.region.,

Route miles categorized by number of
tracks and degree of curvature; siding
and yard mileage added.

Number of railroad truss bridges and
overhead highway bridges that require
increased clearance; total length of
tunnels requiring increased clearance.

In each direction.

Average traffic density in each
direction for four types of service.

Annual growth of traffic in each.
direction for each type of service;
year through Wthh the growth is
applicables- - o it

AT el ticka RS SR T SRS TS I

Distance for” whioh the'average trafflc
density is computed (may differ from

total route miles electrified).

Normal of high speed.

Number required for each track category
(1, 2, 3 and 4 track).

Total miles of transmission line that
must be constructed to connect railroad
substations on the route segment to
existing utility facilities. :




TABLE 3-1. INFORMATION CONTAINED IN THE LINK DATA FILE FOR EACH ROUTE SEGMENT
(CONT'D) . _

ITEM DESCRIPTION OF CONTENT

IV. Locomotives
a. Prevalent Locomotive Type Items a. thru d. are by type of service
(and characteristics) and for both diesel and electric

operation; Items b. through d. are also
by direction.

b. Dispatch Level

c. Directional horsepower’
requirement .

d. Runtime between operating
end points

e. Diesel Turnaround Time

f. Diesel Release Policy Sell or transfer.
V. Energy Consumption : . ‘
' a. Electric Energy - Megawatt-hours consumed annually by

direction and service category.

b. Diesel Fuel """ Millions of gallons consumed annually
N cive e Lo’ o by directiont dnd seérvice category.

basic data used in establishing locomotive horsepower

requirements.

Link Conversion Schedule

The time required to design and install the fixed plant
equipment required for conversion to electrified operation is
specified for each route segment by a set of five dates (year

and month) as follows:



Start design date;

Complete design date;

Start construction date;
. Fifty percent commission date;

"y W
.

. One-hundred percent commission date.

It is assumed that each route segment is converted in two
equal parts, one part being completed and ready for operation
at 50 percent commission date. The construction period for the
first part is from the start construction date to the
50 percent commission date. The second part becomes
operational on the 100 percent commission date and the
construction period is equal. in length to the first
construction period; The entire route can become operational
on the same date by making the 50 percent and 100 percent
commission dates equal. The schedule of individual route
segments in the file can overlap without restriction to
represent simultaneous construction that would be required for

large scale electrification;

3.3 SYSTEMWIDE INPUT DATA

~
N

codr o red VL

Investment Finance

It is assumed that initial purchase of capital equipment
required for conversion is made in part by ﬁhe railroad,
Eogether with a combination of external finance and funds
provided by the electric utility. The loans have specified
interest rates and are repaid over specified time periods with
annual payments which may be uniform or proportional to the
annual energy consumption on the route for which the funds were
borrowed. Table 3-2 indicates the ouflay and payback
parameters which must be specified in terms of percentage



TABLE 3-2. . INVESTMENT OUTLAY AND PAYBACK PARAMETERS

ELECTRIFICATION OUTLAY STRATEGY

RATLROAD EQUITY

EXTERNAL FUND

UTILITY FUND

FUND (PERCENT) (PERCENT) (PERCENT)

Catenary . X X X
Substations ' X X X
Utility Connection o X X. X
Signal & Communication _

Compatibility X X X
Civil Reconstruction X 'x X
Systehs Enqineerinqv‘ g X X X
Construction Supervision X X X
Electric Loéomotives X X X

- PAYBACK STRATEGY

1. Uniform

2. Proportional to Electric
Enerqgy Consumption

EXTERNAL FUND UTILITY
Payback Period (years) X
Interest Rate (percent) X
Reéayment Schedule: X




distribution of funding responsibility between the railroad,

external fund and utility fund.

Unit Cost Factors

The unit cost factors defined in Table 3-3 are used in
computing the costs and saving associated with

electrification. All costs must be for a year called the

currency base year.*

Systemwide Compounding Factors

- Table 3-4 lists four systemwide compounding factors. The
two railroad system growth rates are the projected average
change in traffic level of all railroads in each year of thé
specified time period. The factors are applied by default for
any year on any'link for which route-specific growth rates are
not provided. These growth factors are also used for
determining the number of diesel locomotives required annually
by a railroad in-years subsequentﬁto theftraffic-basewyear.'

I N 11 HERRE SIS EAE Sy EER B IR O S S MY,

Thé general inflation rate is-an annual factor applied to

the unit costs of the currency base year in order to establish

current dollars. The general inflation can be set to zero to

perform constant dollar analyses.

The differential escalation rate of diesel fuel is the
amount by which the rate of inflation in diesel fuel cost

exceeds the general inflation rate. Electric energy cost is

*The currency base year and traffic base year, to be defined
later, are separately specified in order that traffic
forecasts and cost estimates can be updated independently.



TABLE 3-3. DESCRIPTION OF UNIT COST FACTORS

a. Electric Energy (¢/Kilowatt-
Hour)

b. Diesel Fuel ($/Gallon)

Up

ITEM DESCRIPTION OF CONTENT
I. Construction
a. Catenary ($/Route Mile) ' Normal and high speed types costed for
’ . l, 2, 3 and 4 tracks, for three ranges
of average curvature and for 25KV and
. 50KV design voltages. '
b. Substations ($/Substation) To serve 1, 2, 3 or 4 tracks.
c. Utility Connection ($K/Trans-
mission Line Mile, $K/sub-
‘station)
II. Reconstruction
" a. Bridges ($/Bridge) Up to 4 categories of bridge type may
' be costed.
b. Tunnels ($/Foot of Tunnel) Up to 4 categories of tunnel type may
be costed.
c. Signal and Communication
(3/Route Mile)
{III. Locomotives Y
a. Diesei,(s/Rail HorSeﬁoﬁer) Up to 8 locomotive types may be costed.
b. Electric ($/Rail Horéepower) Up to 4 locomotive types may be costed.
IV. Maintenance"
a. Diesel ($/Unit-Mile) For each locomotive type identified.
b. Electric ($/Unit-Mile) For each locomotive type identified.
c. Wayside {($/Track-Mile)
V. Energy

to nine regional rates can be

established.




TABLE 3-4. SYSTEM-WIDE COMPOUNDING FACTORS

Railroad System Growth Rate Through Year XXXX (Percent) *
Railroad System Growth Rate After Year XXXX (Percent)
General Inflation Rate (Percent)

Differential Escalation Rate of Diesel Fuel Through Year YYYY (Percent)

*The links to be electrified are assigned specific growth rates.

assumed to increase at the general inflation rate. This was
found to be an over-simplification, but was overcome as
discussed inASection_4.l.2. In future work it would be
preferable to provide an ability to also alter the real price
of electric energy independently. The energy differential can

beAchanged once during the life of the project.

Locomotive Definition

A locomotlve type 1s establlshed for each combination of
horsepower ratlng and axle count that 1s currently used iH '
diesel operation or will be avallable for use in ‘electric
operation to carry the preponderance of traffic on the links.
Designation of locomotives by type has been included in the
model to enable the sizing of an electric fleet based on at
least equivalent horsepower and tractive effort capability to
the present diesel fleet, thereby avoiding the need for -
predictions from a train performance calculator. A procedure
for establishing an equivalent electric fleet is discussed in
detail in Section 3.4.2.



3.4 MODEL METHODOLOGY

In this Section, three major aspects. of model methodology -
are discussed: ‘ .

1. Traffic definition;

2. Fleet sizing procedure and locomotive unit-mile .
computation;

3. - Development of the differential cash flow
Other aspects of model methodology and the computational

‘,procedures employed are described in Volume II, Section 5.

3.4.1 Traffic Definition

In the previbus FRA network analyses made through 1980, an )
average traffic density and a single annual growth factor were u
applied uniformly to all links. These assumptions did not

introduce any large error into the resulting estimates of
overall ROR.when:looking at a full national network, but they
did contribute to a significant distortion in the relative

economics of one link versus another.

' In the present model, the traffic for each route segment is
input with sufficient detail and accuracy to achieve the
desired discrimination in economic value. There are four

aspects to traffic containéd in input data as follows:
1. Traffic is specified by direction in order to include

the impact of imbalanced traffic on locomotive fleet

size and maintenance;

3-14



2. Traffic between two points is specified by up to four
‘ types of service that have been defined as bulk,
’ normal, expedited and passenger, in order to

accommodate major distinctions that may exist in‘any

of the‘following: locomotive type, dispatch level,

run time, energy consumption and maintenance;

3. When there is more than one distinct pair of operating
end points for the motive power on a route segment,
then the fleet, energy and maintenance requirements
‘are calculated for the traffic moved over each
operating sector by the separate fleets. Multiple

operating sectors may result from:

a. Traffic that originates, enters, leaves and/er
terminates at intermediate points on a route
segment, assuming it is desired to haul this
traffic with an electric fleet - otherwise,

intermediate traffic is ignored;

b. Route segments that contain branches;

i

Helper locomotlves added to malnllne motive power

at-imajor grades for part of the segment.

4.  Annual traffic growth on a route segment is specified
for each direction, type of service and traffic
pattern. This grthh rate is applied from the traffic.
base year to a specified year, followihg which a
systemwide annual growth factor is applied for the

remainder of the study period.

Figure 3-2 illustrates typical‘traffic patterns which may
exist on a route segment being considered for electrification.
Distances are indicated by two letters with a bar over then.

Traffic density for any operating sector is defined as the
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annual traffic volume moved along the sector by locomotives

that operate between its end points divided by the length of

the operating sector. Sectors are chosen to achieve a

reasonably uniform density of traffic, and can be split where
necessary to avoid wide variations. Peaking of traffic during
part of the year is handled by adjusting the locomotive
utilization factor (see Section 4.2.4 and 4.2.5). The level of
utilization is assumed to have no effect on energy consumption

and locomotive maintenance.

A route with one operating route sector as in
Figures 3-2(a) and (d) would require one set of input data as
listed in Table 3-1. Multiple traffic patterns as in
Figures 3(b), (c), and (e) require that input data proportional

to traffic density be included for each operating sector.

3.4.2 Fleet Sizing And Locomotive Unit-Miles

Fleet Sizing

The link data file contains the horsepower requirement in

each dlrectlon separately for both dlesel and electrlc

" operation of each sector. The directional rail horsepower is:

1. the rail horsepower required in a given direction to
move the gross tonnage in the base year including cars

and locomotives;

2, Adjusted upward by a factor for locomotive‘utilization;
3. Divided by the number of one-way trip times in one
year. -

The computer model calculates the fleet size required to

balance power requirements in the two directions on each



operating sector. The fleet sizes on a link with multiple
operating sectors is the sum of the fleet size of the sectors

which comprise the link. This computation is repeated for each

year of the study period using the directional horsepower

appropriately updated to account for traffic growth.

If there is only one category of traffic on a sector.(br
more than one category all with the same locomotive type) then

the fleet size is determined by doubling the larger of the two
directional power reQuirements. If there is more than one
category of service and each uses a different predominaﬁt
locomotive.type, power imbalances in one service category can
be used to offset imbalance in another category, if theylare
imbalanced in opposite directions. This reduces the overall

fleet requirement (diesel and electric) on the sector.*

Two constraints were imposed to assure that the use of a
locomotive in other than its‘sélected service category is

operationally viable:

1. A locomotive is only assigned to a return trip in
i~ another service category if the runtime is less than

:lthat for the category for which it is prevalent;

*It should be noted that an operating procedure must be
hypothesized which constrains locomotive movement to the
sector in order to establish both the diesel and electric
fleet sizes. While this is at variance with current diesel
operation in which locomotives run through to other portions
of the railroad, so would it be at variance with a fully
electrified railroad in which electric locomotives would "run
through." Constraining both diesel and electric locomotive
movement on each sector eliminates any distortion in the
results due to the order of electrification. Increase in
fleet size of the railroad resulting from this constraint is
ignored.




2. A locomotive is only assigned to a return trip in
another category if the dispatch level (RHP/GT)

exceeds that of the category for which it is prevalent.

If these constraints cannot be met, an excess locomotive is
"deadheaded" to the other end of the sector. The first
constraint assures a locomotive is always- available for use in

its assigned category. The second assures adequate tractive

effort capability of the locomotive when used in other.

categories. To satisfy these constraints in the model, the
service categories were arranged in what is generally the order

of increasing dispatch level and speed as follows:

1. Bulk;
2. Normal;
3. Expedited;

4.. Passenger.

The algorithm permits the locomotive for any service
category to be substituted only into a higher service

category. Any imbalance in power requirement that remains

“after thls 1nterchange of locomotlves between serv1ce

(£ RN IS TSR TSR S P .
categorles 1s ellmlnated by deadheadlng the ‘excess power.
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~Helper locomotives on each grade are treated as a separate

fleet analogous to other traffic sectors on a route segment.

Locomotive-Unit—Miles-

The mileage accumulated annually by each locomotive type is

used to compute locomotive maintenance cost. This computation

follows the fleet sizing computation in order that the mileage

accumulated by locomotives which are deadheaded may also be
included. The equations for the unit-mile computation are

given in Volume II, Section 5.



3.4.3

There are four bésic»assumptions made in constructing the
differential cash flow that is used to compute the rate of .

return:

l.

4.

Development Of The Differential Cash Flow

‘The cash flow is expressed in current dollars (based

on inflation factors that are specified as input

. data):;*

The cost of electrification is considered in total,

" regardless of the sources of the funds, thereby

producing an equity rate of return. An alternative
calculation assumes that portions of the initial
investment are financed by external sources or by the
electric utility thereby shifting thesé costs into an
annual loan repayment over-a specified period at a
specifed interest rate. This produces a leveraged

rate of return;

All captiél equipment is straight line debreciated ‘

over prescribed economic lifetimes, is replaced as
necessary, and a residual value is calculated at the
end of the study period;

No taxes and tax credits are included.

Costs are quantified where they differ for diesel and

electric operation. Those cost elements that have been
included in the model are delineated in Table 2-11. Cost

elements are separated into two basic categories: (1) initial

‘capital equipment costs that occur prior to commissioning, and

*When the general inflation rate is set to zero, the cash flow
is constant dollars.




(2) annual operating costs that occur subsequent to
commissioﬁing, and capital equipment expenditures subsequent to
. commissioning including locomotive purchases for growth and
replacement and fixed plant purchases for replacément.
Development of the cash flow for each of these categories is

described in the following sections.

Allocation of Initial Capital Costs Over the Construction Period

A discounted cash flow analysis of electrification is
highly sensitive to the timing of capital expenditure prior to
commissioning. To some extent the timing of expenditures can
be controlled to suit the cash flow requirements of the
railroad. The obvious incenﬁive is to complete construction as
quickly as possible once the commitment to electrification has
been made. To assure comparability in analyzing multiple route
segments, a étandardized procedure was devised to allocate the
initial capital cost over the design and construction periods _

‘ defined in Section 3.2.

The cost elements allocated are those listed under
investments in Table 2-1l.* The manner in which they are
allocated over the design and construction period is
illustrated in Figure 3-3. The design engineering cost is
uniformly distributed over the period from start design to
complete design. The construction engineering cost is
uniformly diétributed over the period from start construétion
to 100 percent commissioning. Fixed plant equipment includes
catenary, substations, utility connections; signal and
communication compatibility modifications and civil
recbnstruction. One-half of the total of the fixed plant cost

‘*Calculation of the value of each cost element is a computer
function described in Volume II, Section 5.6.
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is uniformly distributed over the period from sﬁart
construction to the 50 percent commission date; the other half
is uniformly distributed over a period of eqdal'length ﬁhat
ends on the 100 percent commission date. Electric locomotives
are purchased on the 50 percent commission date to operate
one-half of the route. On the 100 percent commission date, the
additional locomotives required to operate the entire route are
purchased. One-half of the credit for diesel locomotives
released by electrification is taken on the 50 percent
commission date and one-half on the 100 percent commission

-date. If credit is taken by avoiding replacement diesel

purchases for the remainder of the railroad, new locomotive

cost is used. If credit is taken by selling the released
locomotives, the depreciated locomotive value is used.*

The -initial capital costs are, ih general, allocated over
periods to the nearest month. Annual cash flow is used to
compute the rate-of—return. Thus, after costs have been
allocated as described above, the annual cash flow is
calculated by summing all expenditures within each calendar

year.

' The model has the'capability to ‘emulate & railroad decision
on whether to sell released diesel"ldcomotivés or-'avoid new
purchases (see Section 2.7 for discussion of the decision).

The model is formulated so that: . (1) any percentage of the
released diesels on any route segment may be sold and
transferred, (2) diesel life can be separately specified for
each route éegment, and (3) credit in any yvear for avdided
diesel purchases never exceeds the average annual purchase of

the railroad with any excess credited in the next vear.

*Average age is assumed to be one-half of the economic life, to

be consistent with the diesel replacement schedule adopted
(see discussion of ecquipment replacement in this section).



Operational Costs and Equipment Replacement Costs

The cost elements which occur subsequent to the initial
capital investment are the operating costs and captial | .
replacement costs. Figure 3-4 illustrates how the cash flow

results from summing the operating cost elements. (Locomotive
_replacement, a ca?ital cost, also appears in the figure and

will be discussed later.) Negativé cashflow is expeﬁse‘to the
railroad and positive cash flow is expense avoided by the

railroad. The general inflation rate and the traffic gfowth

‘rate are zero in the illustration while diesel fuel cost is

shown to escalate each year up to a specified year. 1If the

traffic growth rate were non-zero, locomotive maintenance,

electric energy and diesel fuel costs would also show a

compounding effect. If the general inflation rate were

non-zero, all five of theloperating costs would show a

compounding effect. 4 |

Costs are computed on an annual basis for each full year
subsequent to the 100 percent commission date. Costs are .
prorated during the startup period where the 50 percent and '

100 percent comm1551on1ng dates are different or there is
_kpartlal year operatlon. ijﬁ)““i{;‘P"ﬁ Co R ’
Figures 3-3 and 3-4, considered'toéether, depict the cash

flow for computing the equity rate of return. The cash flow
for computing the leveraged rate of return would contain only
the reduced capitai expenditure by the railroad; the remaining
capital expenditure is replaced by loan payments to the
external and utility funds, included as an annual expense. The
length of the loans are’specified. The payment schedule may be
» uniform, like the common home mortgage or proportional to the
electric energy consumption. The proportioqal répayment
schedule is adjusted so that the loan is repaid in the
specified time if the projected traffic level is realized.

This is é low . risk loan option for the railroad because
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payments are reduced and the repayment period extended when the
traffic level is not realized. Payment for both lbans‘begins

in the first full year of operation with interest being charged

from the date funds are disbursed. ‘

‘ Locomotives and fixed plant require replacement at the end

of their economic life. Table 3-5 identifies the equipment for
which a replacement schedule has been implemented in the

model. Locomotives are scrapped and replaced at the end of

their economic life and are not rebuilt (i.e., they have no
residual value). Catenary contact wire and substation

switchgear are replaced after thirty years at a cost estimated

to be 20 percent and 30 percent, respectively, of the initial
investment. Economic life of the remainder of the catenary and
substation equipment is set at sixty years, generally well

beyond the study period used to evaluate electrification.
Modifications made to the signal and communication system for
compatibility and to the overhead structures for clearance have

- a predictable economic life. However, no reinvestment is 4 .
charged to electrification basedion the assumption that there .
is no cost differential in renewing diesel compatable equipment

and electrification compatable equipment.

§ : s Ny

B In Figure 3 4, the expenditures thirty years subsequent to
commissioning is the total cost of replacing the initial
electric locomotive fleet, the contact wire and the substations
switchgear. The two diesel locomotive replacement credits are
for purchases subsegquent to commissioning that can be avoided
because thét much locomotive cost was initially‘avoided.* The
diesel credit depicted in Figure 3-4 is for the diesel release

option in which new purchases are avoided.

*If the initial locomotive expenditure and/or credit was
spread over more than one calendar year, that would be
replicated for replacement.




TABLE 3-5. EQUIPMENT LIFE AND REINVESTMENT FACTORS

CAPITAL COST ELEMENT LIFE (YEARS) PERCENT REINVESTMENT

Electric Locomotive 30 i00
Diesel Locomotive 18* 160
Cétenary: Wire 30 20
Poles and Hardware 60 80
Substations: Switchgear 30 30
Other 60 70

Signal and Communications 60 0
Civil Reconstruction 60 : 0

*Input variable which can be specified separately for each route,
segment.

For a small railroad that sold the released diesels, the
credit would be entirely for the avoidance of new locomotive
purchases equal to 1/18 of the fleet required for the route
segment.* The cash flow for this is illustrated in Figure 3-5.

3.5 MODEL OUTPUT DATA

When multiple links are run for multiple railroads, the
output data as summarized in Table 3-6 is produced. The equity
rate of return for individual links is always computed with and

without the differential inflation of fuel cost. As an option,

*Based on the assumption that the current fleet is uniformly
distributed in age over the economic life. The corresponding
credit for selling the existing fleet is one-half of a new
fleet value because the average age of the fleet is nine years.
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TABLE 3-6. SUMMARY OF MODEL OUTPUT DATA

® System-Wide Input Data

- Outlay and payback by-external and utility funds
- Traffic growth rates

- 1Inflation factors

- Unit cost factors in currency base year

e Link Specific Input Data

-~ Route characteristics
- Operational characteristics in traffic base year

- Electrification conversion schedule
® Link Specific Economics

- Initial investment costs
~ Costs and credits in first full year of operation
- Link rate of return

® Railroad Summary

- Cumulative route-miles and traffic by year
-~ Costs and credits by year for all links (cash flow)
- Railroad rate of return

® Network Summary

- Cumulative route-miles and traffic by year.. )
- Cash flow of external and utility funds and aggregated railroads
- Network. rate. af retuen i S o b e :

- Graphical plots of ‘rdate- of ‘return. i R

the leveraged rate of return is also computed for each link.
Only equity rates of return are computed at the railroad and
the network total levels. "The only other option is to include
or delete the graphic plots of network data. The rest of the

output is always computed.

It is possible to produce certain data that are not
explicitly included in Table 3-6 by selective use of input
data. For example, the cash flow of an individual 1link is

obtained by running the model with only that link present in



the link data files. The railroad and network cash flows then

become the cash flows of the link. Similarly, using only data
for links of a single railroad, the network summary by year .

provides external and utility fund balances of the railroad,

which are not included in the railroad cash flow.

A sample of output data is presented in Volume II.




4. PREPARATION OF INPUT DATA FOR NETWORK ANALYSIS

Data sources and computational procedures used to obtain

input data to the Railroad Electrification Assessment Model for

‘the FRA network study are described in this section. They are

not part of the computer model and can be replaced by
alternatives, as appropriate, in other model applications. For
example, if a feasibility study has been performed on a route,
most of the input data would be available so that preliminary

computations are minimal.

The network procedures have been'inciuded_to provide more
detail on the network study and to give a more precise .
definition to model input'data. Preparation of the systemwide
data is given in Section 4.1 followed by the route-specific
data in Section 4.2. One of the network segments is introduced
to illustrate the procedure used. Input data for this sample
segment are then used in Volume II to- illustrate model

computations.

4.1 SYSTEMWIDE INPUT DATA

4,1.1 Unit Cost Factors

A summary of the unit cost factors as they appear in the
computer output is shown in Table 4-1.. All of the costs are in
1980 dollars. The basis for the development of each cost item

is described below.

Diesel Fuel Cost

A uniform cost of one dollar per gallon was set for all
railroad links based on a survey_made in December 1980 of

railroads that participated on the Planning Committee.



TABLE 4-1. UNIT COST FACTORS (AS LISTED ON PAGE 2 OF COMPUTER OUTPUT)

Energy:
Diesel Fuel ($/gal) L.00
Electric Rate by Census Region 1: 5.26  2: 4.50 3: 4.09 4: 4.09 5: 3.56
(cents/kwh) * 62 3.49 7: 2.87 8: 2.78 9: 2.54

Locomotive Rail Horsepower
By Diesel Locomotive Type ($/RHP)* 1l: 371.00 2: 429.00 3:  259.00 4: 299.00
5: 272.00 6: 233.00 7: 273.00 8: 0.00

By Electric Locomotive Type ($/RHP)* 1l: 360.00 2: 300.00 3: 233.00 4: - 0.00

Service, Inspection & Maintenance
By Diesel Locomotive Type ) 1l: 1.33 2: 1.33 3: 1.33 4: 1.33
($/unit-mile) * 5¢ 1.33 62 1.33 7: 1.33 8: 1.33

By Electric Locomotive Type 1: 0.85  2: 0.85 3: 0.85 4: 0.85

Wayside Maintenance ($/track-mile) 2500.00

NUMBER OF TRACKS

1 2 . 3 4
Construction:
Catenary ($/route-mile)

Highspeed Service: - - .
Tangent, Light Curvature 210000.00 | 389000.00, 513000.00 643000.00
Medium Curvature . . 230000.00 408000.00 550000.00 654000.00
Heavy Curvature ' 281000.00 472000.00 571000.00 739000.00

lowspeed Service: ’

Tangent, Light Curvature 139000.00 265000.00 4440G60.00 450000.00
Medium Curvature 162000.00 308000.00 493000.00 . 500000.00

Heavy Curvature :

Siding and Yards ($/track-mile) 203000.00
Substations (31000'S/Station), . . . ... . o

25 KV (Regions 1 & 2) e o 2410.00° ~°°'2670.00°° '.2930./00 3200.00

50 KV (Regions 3-9). + .~ .,.: ., ,. . . ,3380.00 . 3710.00 4030.00 4360.00
Utility Connection o O : St IR L T

To Each Station ($1000'S/Mile) 200.00

At Each Station ($1000'S/Station) 75.00

194000.900 370000.00 616000.00 625000.00

Reconstruction: i
Bridges ($/Bridge) 50000.00 0.00 0.00 0.00
Tunnels (3$/Foot’'of Tunnel) 1400.00 2480.00 0.00 0.00
Siqnalling and Communications ’
(3/Route~Mile) 100000.00

Enginerring Fees:
NDesign Engineering (%) 10.00
Construction Engineering (%) 1.5

*3ee user documentation for definitions of census regions and complete characteristics of the locomotive types.




Electric Energy Rate

. The 1980 electric energy rate for each of the nine Bureau
of Census regions was based on 1978 rates compiled by the
Edison Electric Institute[ll], the latest data available at the
time the estimates were being made. The consumer price index
was used to escalate from 1978 to 1980. The rates vary between

'~ 2.54 cents per kilowatt-hour in the Pacific Region to

5.26 cents per kilowatt-hour in the New England Region. .
Industrial rates were used as a proxy for traction rates since
the latter do not exist for most regions of the country.
Average industrial demand charges are included in this enérgy

rate.

Diesel Locomotive Costs

The costs of diesel locomotive types purchased in 1980 were

established as the average of costs recorded in the R-1
accounts to thevInterstate Commerce Commission for tha£ year by

. all of the class I railroads.* The costs‘are therefore
interpreted to be for the typical options and accessories. The
cost of locomotlve types with no record of purchase 1n 1980
were estlmated based on, variances of cost with power or
traction capablllty in other years, approprlately gcaled. The
locomotive costs in Table 4-1 are for the locomotive types
defined in Table 2-5.

Electric Locomotive Costs

It was necessary to estimate the cost of the electric

locomotive types because none of the three types used in the

*Diesel locomotive types in use on the network are identified
in Table 2-5.



study are currently in production in the U.S. The type 3
locomotive, which is a 6,000 rail horsepower, six-axle unit,*
was estimated to cost 1.4M dollars or $233 per rail horsepower
when produced in quantities as given in Table 2-7. The costs
for the types 1 and 2 were estimated by séaling the type 3 cost
based on cost variations between diesel types with similar
variations in power and traction ratings. The type 2
locomotive, a 4,000 horsepower, six-axle unit was estimated to
cost 1.2M dollars and a type 1, 2,500 horsepower, four-axle
unit was estimated to cost 0.9M dollars;

Diesel Locomotive Service, Inspection and Maintenance Cost

A uniform cost of 1.33 dollars per unit-mile was used for
all locomotive types. This'average is unchanged from that used
in the 1980 update of the 4-R study[4]. The average for all
locomotives was determined by scaling the maintenance cost of
the Conrail feasibility study[18) using a factor developed from
relevant expenditures reported in the R-1 annual reports to the
Interstate Commerce Commission (ICC)'by’all of the Class I
railroads. (See Appendix E). '

Electric Locomotive Service, Inspection and Maintenance

A uniform cost was established for all electric locomotive
types by applying a factor of 0.64 to the diesel locomotive
cost per unit-mile. This factor was recommended by the
Technical and Operations Committee as a result of a meeting
held in March 1981 in which briefings were provided by
operators of electrified railroads as well as locomotive

builders. The recommended factor results in electric

*A more complete definition of electric locomotive types used
for the network study appears in Table 2-6.



locomotive service, inspection and maintenance costs that are
about 20 percent higher than the cost factors reported iﬁ most
electrification feasibility studies[18]1, [19]. The Canadian
network feasibility study{20] used a maintenance cost ratio of
75 percent on a locomotive unit basis, which is a factor on a
unit-mile basis of 0.5-0.6 when the higher annual mileage of

the electric is considered.

Wayside Maintenance

An annual cost of 2500 dollars per track mile pér year was
used for all railroad links for the maintenanée of catenary,
. structures, substations, and sectionalizing stations. This
cost is eésentially unchanged from the 1980 updatevwhich used
$4400 per route mile per year and is conser&ative compared to
most feasibility studies. The Conrail study, for example, hasg
set the cost at just over $1000 per track mile[18]. -

Catenary Cost

The cost of catenary,‘inéluding installation, was
established in a format which acknowledges three major cost:
impacts, namely: speed of train operation, numbér of parallel -
“‘tracks being électrified and’thé dégree of track curvature. - %
'The catenary costs for high speed based on service are Gibbs &
Hill estimates prepared for TSC under contract by Booz, Allen
and Hamilton[21]. The catehary costs for low speed service are
based on estimates prepared for TSC under contract by
Electrack, Inc.[22] where the following assumptions are made:
(1) the factors used in the Electrack estimates for plains,
rural and hilly terrain are equated to the curvature factors of
the model; light, medium and heavy, respectively, and (2) the
medium wind and ice loading condition of the Electrack
estimates is used. The cost of catenary for sidings and yards
was established by increasing the cost of single track, low
speed catenary of medium curvature by 25 percent to account for



difficulties encountered in locations with switching
complexities and restriction on catenary pole location.

Substation.Costs ' ’

A 25KV substation with two 15MVA transformers, and which

serves 3 tracks, is estimated to cost $2.93M in reference[1l8].

The cost components of this estimate are:*

Basic substation
(Two - 15MVA transformers, incoming line, $2.62M

breakers, relays, site preparation.)

~Catenary sectionalizing stations .28M
Real estate ' E .03M
Total - n - ' $2.93M

The costs for 25KV substations that serve two and three
tracks and for 50KV substations that serve two and three tracks
are estimated in reference[22], with the 25KV} 3~track
"substation being approximately 25 percent" less in cost than the ‘
above estimate. - The two and three track costs used in this
study (Table 4- l) were developed by increasing each of the
‘estimates of reference[22] by one thl;d to coincide with the
hlgher estlmate of reference [18] HoweVer, the substations
were spaced to the longer dlstances recommended in(22}], ehereby
implying the costs are for substations of a larger rating. ggg
25KV substations are rated at 45MVA and the 50KV substations
are rated at 90MVA (See Section 4.2.3 for a discussion of
substation size and epacing).‘ One and four track costs were
scaled lineerly from the two and three track estimates.'

*Data taken from reference[l8], Tables 2.2-1, and 2.2-2.



Utility Connection Costs

Utility connection costs werevestablished for two factors:
extension of transmission line and connection and metering
equipment at each railroad substation; Cost estimates for
these factors are Gibbs & Hill estimates that appear in
Reference[21]; these are $200,000 per mile of transmission line
‘installed and $75,000 per substation connection.

Civil Reconstruction Cost

An average bridge modification cost of 50,000 dollars was
assumed to cover the cost of clearance mbdifications to an
overhead highway bridge or a through railroad truss bridge.
This estima;e is consistent with -an estimate used recently in a
feasibility study for a western railroad and is somewhat less
than the estimate in the Conrail feasibility study([18] where
much of the route has 3 or more tracks. Estimates of tunnel
modification costs to increase clearance by 2 feet for one and
two tracks that.appear in Reference([23] were escalated using
the consumer price index to $1400 and $2480 pér foot.

These are averages of the bridge and tunnel costs of 25KV
and 50KVz2catenary.!- Costs-freguently may:vary.significantily.
between 25KV and 50KV since the lesser clearance of the lower
voltage level can soﬁetimes be achieved by lowering the track,
thereby avoiding the necessity of tunnel scarfing or daylight-
ing and bridgé raising work. For example, recently prepared
estimates for single-track tunnel on a western railroad were
$670 and $2,560 per foot for 25KV and 50KV respectively.
Modification to the model should be considered to account for

this if detailed clearance cost estimates are desired.

Signal and Communication System Modification Cost

The average cost of achieving electrical compatability between
the traction power supply and the signal and communication (S&C)

4-7



systems vary from a low of $45,000 per route mile for one western
railroad that has been studied to over $200,000 for Conrail east

of Harrisburg. The wide variation in type of signal and
communication systems in place and the varying philosophies .
applied in assessing costs to compatability versus improvement

make it inappropriate to assign an average value to this cost.

Notwithstanding, an average cost of $100,000 per route-mile
was used in this study for all railroads with typical dc
signalling and trackside communication lines. The costs for Union
Pacific electrification were altered to $115,000 per route-mile to
cover the additional modifications resulting from cab signalling
modifications. The costs for the MKT route were altered to
$60,000 per route-mile because part of the route is not signalled
and would therefore require no modification. S&C improvements are
not included in this study. ‘

Engineering Fees

The deeign fee cove_:e feasibility study and preliminary and .
detail design of an architectural and engiheering firm and is set

at 10 percent, somewhat above the baseline fee of 6 percent that

is charged for prOJects where standards. and. recommendéd. practices
‘are well establlshed The constructlon engineéring fee of 1

1/2 percent is for superv1sory oversight during construction.

(The costs of the above fixed plant equipment are turnkey costs,
i.e., they contain any design-costs the supplier must incur in
building and installing his equipment.) '

4.1.2 Fuel Cost Projections

The computer model calculates.the effect of changes in the
relative unit costs of diesel oil fuel and electric power by
holding the electric power costs constant, and increasing the cost
of diesel fuel 0il to the required degree. For the base case of
the previous FRA studies a three percent differential was used. ‘
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Recent fuel cost forecasts by power companies, oil
companies, and independent forecasters that have been assembled

by the Southern Railway are shown in Figure 4-1. These and
data that have been used for a study on the Burlington Northern
‘Railroad suggest that the differential may be less than

three percent. Using these forecasts as a basis, calculations
were made of the forecast change in fuel prices over the

- 20-year period 1980-2000:

Changes in Fuel Prices per Gallon-equiv.

0il Electricity Difference
Number of Forecasts 5 4
Avg. Price in 1980 100 cents 42 cents 58 cents
Forecast Price in 2000 180 cents 63 cents 117 cents

To account for the increase in both diesel fuel and
electricityAcosts the following methodology was used. The
electricity price was held constant, and the difference shown
above was added to give an equivalent o0il fuel price with the
same absolute differential per gallon as that forecast. Thus:

Constant Electr1c1ty Prlce (ggl equ1v) 42 cents/gal
t
.Increased D&fferentlalaﬁor Year 20&00 bll7 cents/gal
' New Equivalent Oil Prldé g -~ 159 &ents/gal

Equivalent oil price in 2000 is 59 cents higher than oil price
in 1980 (159 cents - 100 cents) and this is equal to a cumulative
annﬁal rate of increase of 2.3 percent. This percentage, when
applied to the o0il price while holding the electric power unit
- cost constant, produces the difference in energy cost in the year
2000 which resulted from the average of the original forecasts.
Note that the individual costs of electricity and diesel fuel in

the model are therefore somewhat less than forecast.

Beyond the year 2000, the prices of both fuels were held
constant, although there are arguments in widening the

differential thereafter.
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4,2 ROUTE-SPECIFIC INPUT DATA

Development of the Link Data File (See Table 3-1 and
Volume II, Section II for definition) from source data is, in
essence, configuring or designing thé diesel'and electric rail
systems that are tb be compared and computing the energy
consumption 6f each in the base traffic year. Some of the link
data can be'transcribed directly from the engineering design
records and operating statistics that are kept for a link.
.Other input data does not exist in the form required and must
be developed from the source data. The design computations
required for developing the route-specific input data were
reduced to a set of worksheet procedures that are described in

this section.*
Source data for the hypothetical network was obtained from:

1. Published data readily available including railroad
timetables, AAR and ICC records, and FRA studies;

2. Railroad supplied data furnished by those railroads
' participating in the study; ‘
Povgly v v oo sNoept RN R T v P R SN
Table 442'idéntifies the cha;actefistics obtained from
published data and the specific source for each. Figure 4-2 is
a sample of the Railroad Questionnaire form used to obtain 'data

from the railroads. The data required from the railroads that

*The design computations are not part of the computer model
since that would prevent the use of the design data obtained
.from other feasibility studies. While a separate program
could have been developed, computations for the hypothetical
network were performed manually because the procedures were

in their infancy and subject to frequent change. The multitude
of special considerations that must be weighed in making these
computations would make the value of a general purpose design
program questionable. :
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TABLE 4-2.. ROUTE CHARACTERISTICS OBTAINED FROM PUBLISHED SOURCES
SOURCE
10,000 ROUTE-MILE REMAINDER OF
CORE 29,000 ROUTE-MILE

CHARACTERISTICS

NETWORK

® Route and track mileage
- By number of tracks

- By average curvature
" category

® Number of bridges
® Average grade category
® New transmission line

® Substation spacing .

-Railroad timetables

FRA Data Base*

FRA Data Base*

FRA Data Base*

A.D. Little [24]

Electrack {22]

Railroad timetables

Estimated

FRA Data Base¥*
Estimated
A.D. Little [24]

Electrack {22]

*Assimilated by the Policy Office during studies under the 4-R Act.

is not generally available on a route-specific basis was

estimated by railroad pérsonnel familiar with operationms.
Instructions- forncompl&tion '0f the questionnaire are indicated

in Appendix F. For consistency of traffic projectiods on a
national basis, items 1 and 2 of the_questionnaire were

completed by the FRA (description follows).
railroads were asked to comment on the reasonableness of ‘this

traffic data and.supply items 3 through 10.

4,2.1 Sample Route Segment

The participating

To illustrate the preparatioh of entries to the Link Data

File a representative route segment from the network is used.
It is identified in this report as a segment of the Urail

@



Railroad:

RATLROAD OURS;'I‘]’?)NNAIRH = TRAFFIC AND OPERATIONAT, DATA

URATL, & Company Route Sector: UTown yard To: UCity, USA
Forward (Fwh) Reverse (RIEY)
COMMODITY GROUP
-
1 2 3 4 5 3 7 8 9 10 11 12 13 14 15 16
SAND, NOMMET- FORRST CEMENT, GRAIN PRIM- - ‘TRANS, FREIGHT
DIREC~ CHFM- TRON STONE,” ALLIC PRO~- CLAY & MILIL PULP, ARY EQUIP- LIMBRR, FWDR,, ALTL
OIESTIONNATIRF. TTEM TION COAL GRAIN ICALS ORFE GRAVEL MIN, DUCTS GLASS FOOD  PROD, PAPER MRTALS MENT wOon & LT, OTHER
. FPA projected annual FWD -9.3 4.8 2.8 0 1.7 2.4 0 -0.8 -0.2 1.4 2.3 1.6 2.9 -0.5 1.0 .0
growth in revenue
tonnage to 1990. REV 0 0 1.4 n ; ) 2,2 -2.1 -0.3 -1.0 -0.3 3.0 1.2 1.7 -2.1 2.3 2.1
2. Percent of actual 1980  FWD 0.4 15.9 2.3 0.1 0.1 0.3 1.0 1.7 1.2 1.1 1.5 1.9 0.6 0.9 7.1 .7
rovenur tonnage. A
REV 1] 3.8 0.5 0.9 0.1 ~ 1.4 n.3 0.6 4.9 0 5.7 4.5 1.1 12.7 2.7 1.0
R
3. ¢heck those commodity X X X X X
qroupn where a measur-
able percentage moves
in expedited service.
EXPEDITED NORMAT, BULK PASSENGER FORWARD RFVLRSH
A. Nicsel dispatch level FWD 3.1 1.8 - - 7. Ruling Grade 1.0 1.0 (1.8)**
in horsepower per ton. .
‘ REV 3.0 1.9 (+ 1.2)* - - R, 1980 Actual Gross 16.6 16.8
I Ton Miles (averaqge).
E h. Prevelent type of SD-40-2 SD-40-2 - - NDoes/does not include
! diesel locomotive used. (SD-40-2) locomotives.
t
H
} A, 'l'ypical running time. FWD 13 hr., 10 min. 21 hr., 45 min. - - 9. Approximate percen~ a0% 509
i . tage of tatal tonp-
. - REV 13 hr., 25 min. 16 hr.,- 1% min. - - nage moving in expe-
e _ dited service,
10. Percentaqe of tntal 100% 100%
tonnaqge expected to
move with electric
. lTocomat ives,

Mloelper at Big Mountain Pass where one-way operating mileage is 18.2 miles,

Prieverse raling qgrade outside helper district

is

4-2.

M IGURE

1.0; 1.8,

inside,

COMPLETED RAILROAD QUESTIONNAIRE FOR THE SAMPLE SEGMENT




Railroad Company operating between Utown Yard and Ucity, USA.
The entries on the Railroad Questionnnaire in Figure 4-2 are
for the sample segment. This segment is seen to carry a
significant amount of grain from Utown to Ucity, the forward
direction, and an even greater amount of lumber in the reverse
direction. 'Food, transportation, equipment, lumber, freight
forwarder and other commodity classifications are indicated to
be moved in expedited service. Helpet locomotives are required
for normal service in the reverse direction. The route
characteristics obtained from published data are summarized in
Table 4-3.

4,2.2 Traffic Level

The average 1980 traffic density on each route segment, in
each direction, was provided by the railroad (see Figure 4-2,
Questionnaire item number 8) with an indication of whether
motive power tonnage was included. The traffic density
required for differential analysis of electrification is that
which would be moved by electric locomotives after

LW B I T AL g

TABLE 4-3. ROUTE CHARACTERISTICS FOR THE SAMPLE SEGMENT

Route Miles:
1 Track | . - 406.1
2 Track . 97.6
Sidings and Yards 202.4
Number of Overhead Highway Bridges o 59
New Transmission Line Required (Miles) 45
| Substation Spacing (Miles) . . 75




conversion.* An estimate of that level was obtained as the
product of Questionnaire items number 8 and number 10.

The,electfification model has been purposely configured to
accept traffic density and the associated annual growth factors
for up to four distinct categories of train service.** Thus,
it is necessary to apportion the traffic accordingly.
Apportionment factors were developed, based on waybill
statistics of commodity mix hauled on each sector and based on
railroad designation of which commodities are moved with each

. type of train service (Questionniare item number 3).

The associated annual growth factors for each service
category are the weighted averages of the growth factors of
each commodity} The procedure for developing the traffic data
required for input to REAM is depicted in Figure 4-3. The two
blocks to the left indicate the procedure for obtaining the
commodity mix and the percent increase in traffic by commodity
on each route segment. The block to the right depicts the
conversion of density and growth by commodity on a revenue
tohnage.basis to density and growth by service category on a
gross tomnnage ba51s. The procedures deplcted 1n each block are

descrlbed 1n more, detall 1n the follow1ng subsectlon.

Traffic Growth

It was the recommendation of the Planning Committee that
growth rates be obtained from the projections for the growth of

*Traffic that would continue to be hauled by diesel locomotives
would typically be that entering at intermediate points and
continuing for only a short distance on the electrified sector
before exiting or terminating.

**The purpose of the service categories is to highlight
equipment and operational variations on a route, in
particular, the type of locomotive required (see
Section 3.4.2).
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fifteen commodity groups through the year 1990 as published by
FRA's Office of Policy in the report, Railroad Freight Traffic
Flows 1990([25]. Use of these projections providés- (1) unlform

underlying assumptions regarding such factors as the general
condition of the economy and treatment of traffic subject to
merger, and (2) the requisite breakdown by commodity groups
from a publicly available source (railroad growth projections
are generally treated as proprietary data). In applying these
results to the electrification analysis the following

difficulties were encountered:

1. Growth was projected only through 1990 while the
electrification analysis ran through 2036;

2. The country was d1v1ded into 129 traffic regions, each
having a principal city or railroad junction
designated .as the node for that region. The 129 nodes
-were then connected by a series of links corresponding
to one or more railroad mainlines. And while some
traffic links correspondéd to more than one
electrification link, some long electrification links
corresponded to more than one traffic link;

It was generally agreed that any projections beyond 1990
would be meaningless. Thus, the model was constructed to
accomodate a two stage projection; link specific to 1990 and a
system wide growth beyond 1990.* No growth beyond 1990 was
assumed to be consistent with the objective of remaining
basically conservative in placing value on electrification.

*In actual application, the use of discounted cash flow in
calculation of return on investment made growth beyond 1990

of little consequence.



Ih‘some cases, conversion of generalized flow over traffic
links to flow over electrification links was straight forward.

For example,~traffic link 193 in Figure 4-4 solely represents

the Union Pacific's line between Salt Lake City and Las Vegas,‘
which is designated as electrification link UP202189 (see
Appendix C for listing of electricification links).

When more than one traffic link was. required to represent
an electrification link, the growth rate was taken to be the
average for the traffic links . Such is the case for the
Burlington Northern electrification link from Chicago to
Minneapolis, BNQ10, which corresponds to traffic links
54 and 243. The third column of Appendix C identifies the
traffic links correspondihg to each electrification link. The
correlation factor in the last column indicates the degree of

- correspondence,

Traffic link 56 -between Chicago and Davenport represents

five roughly parallel mainlines, three of which are included in
the electrification study. Hence, any commodity hauled by each .

of the three carriers has the same growth rate - i.e., each
‘carrier maintains its current share (portion) of each commodity

for :the entire electrification study period,” Since the mix of

traffic is different on each of the parallel lines, thée dverall
growth rate for each service category is different. This
subject is addressed in the next subsection.

Table 4-4 is the predicated twelve year change in traffic
by commodity on the traffic link that corresponds to the sample
route segment. Such data was obtained for each electrified
- sector from the source file used in developing the 1990
projections of Reference[25] and averaged, if necessary, as

described in the previous paragraph.
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TABLE 4-4. PREDICTED PERCENT GROWTH IN TRAFFIC FROM 1978 TO 1990 FOR THE
TRAFFIC LINK CORRESPONDING TO THE SAMPLE SEGMENT

COMMODITY GROUP I

1 2 3 L] S 6 7 8 9 10 1L 12 13 14 15
SAND, NONMET-~ FOREST CEMENT, : GRMN pULP PRIM- TRANS o
: CUEM~ IRON STONE, ALLIC PRO- CLAY & M1LL & ARY EQUIE- LUHRER MLl
DIRRCTION COAL GRAIN ICALS ORE GRAVEL MIN, DUCTS GLASS FOOD PROD. PAPER -METALS MENT & WOUD OTHER

WD -61.0 75.3 19.0 [} 22.2 32.2 0 -8.9 - 1.8 17.4 Jo.8 21.5 40.2 ~ 6.3 43.0

‘RF‘.\.I 0 0 19.3 0 95.5 30.4 -22.5 =3.6 -10.9 -3 43.1 15.9 22.6 ~22.6 LT

Gourne: FRA Nata Rase used to pfoduce Reference 25.

Commodity Mix

A one percent waybill sample maintained by the Association
of American Railroads was used to ‘establish the commodity mix
on each route sector. The one percent waybill sample indicates
junctions through which a commodity passes. This data is
entered into a computer algorithm, called the "Princeton
Model"[26] which assigns probable routing based on such factors
as distance and historical trends. Several steps were requ1red ,
to produce the desired commod:.ty mix: _ . ’ .

1. The waybill statistics are quoted in carloads. Car
A‘flow was converted to revenue ton flow on. each llnk by
’computlng tons/car from the Quarterly Cemmodlty
Statistics (QCS) of the Interstate Commerce Commlssion
for each railroad and commodity group and applying
this value to the car flows;

2. The.way bill statisties are typically reported for
37 commodities as shown in Table 4-5. For
compatibility with the format of the growth data, the
commodities were combined into the 15 groups, as
defined by Table 4-6, with the "other" category
absorbing the waybill groups and portions of groups
that could not be identified with any of the
other 14. 1Included in "All Other" were STCC groups



TABLE 4-5. COMMODITY GROUPS FOR WHICH WAYBILL STATISTICS ARE ACCUMULATED

MAJOR INDUSTRY GROUP NUMBERS

GROUP - : DESCRIPTION

01 Farm products

08 Forest products

09 Fresh fish or other marine products

10 Metallic ores

11 Coal

13 Crude petroleum, natural gas or gasoline

14 Nonmetallic minerals; except fuels

19 Ordnance or accessories

20 Food or kindred products

21 Tobacco products; except-insecticides - see Major Industry Group 28

22 Textile mill products

23 ~Apparel, or other finished textile products or knit apparél
24 Lumbef’of Woéd}proéuété?iekcéﬁéffuénitdré'-:seefmajbt Industry

. Group . 25. L e I

25 Furniture or fixtures

26 Pulp} paper, or allied products

27 Printed matter

28 Chemicals or allied products

29 Petroleum or coal products

30 Rubber or miscellaneous plastics products

31 Leather or leather products

32 Clay, concrete, glass or stone products




TABLE 4-5. COMMODITY GROUPS FOR WHICH WAYBILL STATISTICS ARE ACCUMULATED

(CONT'D)

MAJOR INDUSTRY GROUP NUMBERS

~ GROUP DESCRIPTION

33 Primary metél products; inc. galvanized; except coatingbor other
allied processing - see Major Industry Group 34

34 Fabricated metal products; except: Ordnance - see Major'Industry
Group 19 ; Machinery - Groups 35, 36: Transportation equipment -
Group 37

‘35 Machinery; except electricél - see Major Industry Group 36

36 Electrical machinery or equipment, or supplies

37 Transportation equipment

38 Instruments, photographic goods or optical goods, watches or clocks

39 Miscellaneous proﬂudts or manufacturing -

40 Waste or scrap materials‘ﬁot’identified'by industry producing

41 Miscellaneous freight shipments

42 Containers, carriers or devices,'shippidgj returned empty

43 M;il and express traffic :

44 Freight forwarder traffic

45 Shipper association or similar traffic

46 . Miscelianeous mixed shipments; except forwarder - see Major

' Industry Group 44 and 45 - Freight forwarder and Shipper
associations '

47 Small packaged freight shipments

49 Hazardous materials




TABLE 4-6. DEFINITION OF COMMODITY GROUPINGS
ITEM GROUPING COMMODITIES INCLUDED STCC (CODE)
1 Coal Bituminous 1121
Lignite 1122
Anthracite 111
2 Grain Wheat 01137
Corn 01132
Sorghum 01136
Barley 01131
Soybeans 4 0114
Oats, rice, and other grains -
3 Chemicals Industrial chemicals 281
Agricultural chemicals 287
Plastic materials and synthetic resins 282
Common salt 28991
Other chemicals and products -
4  Iron Ore Crude ore 10111, 10112
Concentrates and agglomerates 10113
5 Stone, Sand, Crushed stone 142
and Gravel Aggregate sand 14411
Aggregate gravel 14412
Industrial sand 14413
6 Nonmetallic Phosphate rock 14714
Minerals Rock salt 14715
Sulphur 14716
Clay, ceramic, or refractory minerals 145
Gypsum and anhydrite 14911
Asphalt and bitumens 14913
Other nonmetallic minerals -
7 Forest Products Pulpwood logs 24114
Wood chips 24115
Saw logs 24111
8 Cement, Clay Hydraulic cement 324
and Glass Structural clay products 325
Concrete, gypsum and plaster products 327
Processed clay and kaolin 3295

Other cement, ¢lay and glass products




DEFINITION OF COMMODITY GROUPINGS (CONT'D)

TABLE 4-6.
ITEM GROUPING COMMODITIES INCLUDED STCC (CODE)
9 Food Products Beverages 208 .
’ Sugar 206
Canned and preserved fruits and 203
vegetables :
Meat and dairy products 201, 202
Soybean oil 20921
Cottonseed oil and byproducts 2093
Other food products -
10 Grain Mill Flour 2041, 22045
' Products Prepared feeds 20421
. Soybean meal and flour 20923
Corn starch and syrup 2046
Cereal preparations 2043
Milled rice 2044
11 Pulp and Paper Pulp and pulpmill products 261
' Paper 262
Paperboard, pulpboard and fiberboard 263
Corregated paper products 264
Building paper and board 266
Containers and boxes 265
12 Pgimary Metal Steel works and rolling mill products 331
* Products Iron or steel castings 332 ‘
. , Nonferrous . metal prlmarx Smelter 333 .
products '
i " Nonferrous metal basnc‘shapes 335°
Other primary metal products -
13 Transportation Motor vehicles . . 3711
Equipment Motor vehicle parts and accessories 3714
Railroad equipment 374
Other transportation equipment -
14 Lumber and Wood Lumber and dimension stock 242
Products Millwork, veneer and plywood 243
Particle board 24996
Other wood products -
15 All Other

Products

-24

S




41, 42, 44, 45, 46, and 47. Freight Forwarder and LCL
(less than carload) traffic were subsequently
separated into a sixteenth commodity for the

electrification study;

3. Traffic flow results from the Princeton Model wére
readily available for the calendar year 1976. Sinée
the growth data of the FRA study (Referenée[ZS]) was
for the period 1978 to 1990, it was necessary to use
other grbwth data to estimate the traffic flows for
some reference year within the study period. Factors
based on 1976 and 1979 sﬁatistics by direction and
commodity from the QCS of the ICC were used to update
the 1976 traffic flows to 1979.

Table 4-7 shows the flow of 3 of the 16 commodities on the
sample route seément as predicted by the Princeton model.. .The
flows have been adjusted as described above. The sample route
segment consists of 24 traffic links. To obtain the average
revenue tonnagé of each commodity, the density of each link
must be weighted by its length. The commodify mix is then
computed as the fraction of the total revenue tonnage (both
directions) :that :each commodity represents... .The.resulting .«
commodity mix -on .the: sample route:; segment is..shown in .. ..
Figure 4-2, questionnaire item 2.

Railroad Questionnaire Response

The commodity mix and the commodity growth rates were sent
to each of the railroads involved for their comment. They were
given the option of changing any of the elements they wished,
both in the growth projections and the traffic s?lits. The
responses ranged from no comment ﬁhrough minor modifiCations,
to complete substitutions of railroad-generated data. For ,
example the procedures, as outlined, did not pick up increases

in coal traffic subsequent to 1979. This was a major éhange



TABLE 4-7. 1979 FLOW OF THREE SELECTED COMMODITIES ON THE
SAMPLE ROUTE SEGMENT
FRA LINE MILLION REVENUE TONS
IDENTIFICATION GRAIN IRON COAL

TRAFFIC LINK CODE* FWD REV WD ‘REV FWD REV
00847 UR184 .40  0.89 .00 .00 .00 .04
00848 UR184 .40 1.11 .00 .00 .00 .04
00707 UR184 .40 1.11 .00 .00 .00 .04
00706 UR184 40 1.19 .00 .00 .00 .04
00728 - UR377 .32 1.32 .00 .00 .00 .04
00729 UR377 .32 1.32 .00 .00 .00 .04
00741 URS65 .31 1.32 .00 .00 .00 .04
00742 UR565 .28  1.40 .00 .00 .00 .03
00744 URS65 .28 1.40 .00 .00 .00 .03
00743 UR565 .28 1.40 .12 .00 .00 .03
00745 UR378 .28 1.41 12 .00 .00 .03
00746 UR378 .28 1.41 .12 .00 .00 .03

. 00753 URS66 .28 1.41 a2 .00 .00 .03
00754 UR566 .28 . 1.41 .12, .00 .00 .03
00725 UR566 .28 1.41 .12 .00 .00 .03
00724 LURS66 . . .28; o4l . .12 | 00 . .00 ¢ .03
01'0"1"5_;‘"'E lUﬁG91 . ;1,2étﬁxﬂl,g1 : .12, . ..00 - .00~ .03
01016 UR69L .28 1.41 12 .00 .00 . .03
01007 UR433 .48 1.96 .16 .00 .00 .03
01008 UR433 .48 1.96 .16 .00 .00 .03
01005 UR433 .48 1.96 .16 .00 .00 .03
01006 UR433 .48 1.96 .16 .00 .00 .03
00952 UR103 .48 1.96 .16 .00 .00 .03
| UR103 .48 1.96 .16 .00 .00 .03

00953

*The Line Identification Code is the designation given to track segments in

the 4-R Act Study of the FRA (Reference 27).



input by the railroads. The increased growth in coal traffic
is noted in Table 2-4, where the bulk traffic growth (which is
predominantly coal) is substantially larger than the growth of
other service categories. 1In all cases where a railroad
supplied growth or mix data, that data was used even though it

was recognized that some loss of comparability would result.

Examination of the returned questionnaires indicate that,
for question 3 commodities, (9) food, (13) transportation
equipment, and (15) freight forwarder and LCL traffic moved for
the most part in>expedited services. This allocation was
pursued thfoughout, with the one exception of one railroad
where data from question 9 was used. Some commodities were
considered to move in bulk service, but this occurred only
where the distinction was made by the railroad concerned.

Growth Traffic Forecast by Service Category

An algorithm was formulted to calculate for each route

sector:

1. Traffic density split (gross tons per year including
locomotive consist weight) by service category for

base year;

2, Annual growth in traffic in each service category

defined;

3. Designation of service category in which each

commodity is moved;

4, Total traffic density by direction in the base year;



5. Designation of the year for which the commodity mix
applies (it need not be the base year for which the -
growth traffic split is sought). .

The algorithm also requires specification of constants that
- convert revenue tonnage to gross tonnage: ’

i= rétio of the average lightweight of cars used
to haul commodity i to the average weight of

commodity i carried in a single car.

bi= ratio of empty to loaded car-miles in hauling
commodity i.

o] = ratio of locomotive weight to trailing train weight.

For the network study, a;, pj, and c were formulated
using industry wide data as shown in Table 4-8. Note, a; yas

approximated by taking the ratio of the lightweight of the most
popuious- car of the preferred car type for hauling commodity i .
to the average revenue tons hauled in that car type, ignoring o
commodity*,

The,coméutef;resglgs.fqgtthe{sample'séctor are’summarized
in Tébie 4-9; The results become input data to the REAM. The
equations that define the algérithm are given in Appendix G
along with a description of the computer program which was used
for generating the results for the network study. Figure G-1

*The values for aj could be more accurately established by
decomposing tabulated data of Reference[Zg] for loaded and
unloaded weights of all car types carrying all commodity
groups. Likewise the constant ¢ could be made service category
specific from statistics of the questionnaire response on
dispatch level and prevalent locomotive type. However, the
purpose is only to establish the split in the stated total
traffic level., Thus, the additional accuracy is not warranted.
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TABLE 4-8. CONSTANTS

IN THE TRAFFIC FORECAST MODEL

CLASSIFICATION OF A-
COMMODITY GROUPS BY AVERAGE REVENUE

B-
REPRESENTATIVE
CAR - LIGHT-

b=
RATIO: EMPTY TO

o=
RATIO: LOCOMOTIVE
WEIGHT/'TRAILING

Passenger Car Passengers -

CAR TYPE PREFERRED CAR TYPEl TONS PER CARUDA02 WEIGHT TONS3 a= RATIO: B/A LOADED CAR MI!.ES4 TRAIN wEIGHT5
Box Cement, glass and 35 31 0.89 0.69 0.08
clay; grain mill
products; pulp and
paper; other
Hopper (Open) Coal, iron ore, 75 27 0.36 0.91 0.08
sand, stone, gravel
nonmetallic minerals,
forest products
Hopper Grain 75 31 0.41 0.91 0.08
{Closed)
Tank Chemicals 64 30 0.47 1.06 0.08
Gondola Cement, clay, glass, 70 28 0.40 0.86 0.08
primary metals
Refrigerator  Food ) 32 40 1.25 0.77 0.08
Autorack Transportation equipment 60 58 0.97 0.94 0.08
Flat Lumber and wood 30 41 1.37 0.88 0.08

1Reference 29.

2FRA Waybill Sampling Data, 1974.

-JReference 28.

41cC Bureau of Accounts, 1972 Statement No. 152-72.

Snased on a typical dispatch level of 1.25 HP/ton and a typical locomotive weight of 0.06 ton/HP.

c = (.06 ton/HP) x (1.25 HP/ton) = .08.




TABLE 4-9. GROSS TRAFFIC FORECAST FOR THE SAMPLE SECTOR

1980 TRAFFIC DENSITY ‘ANNUAL GROWTH RATE

MGT/YEAR PERCENT THROUGH 1990
SERVICE CATEGORY FWD REV - FWD REV
Bulk . - - - -
Normal 9.8 7.9 1.2 -0.3
Expedited 6.8 7.9 1.9 1.0
Passenger - - - -

. TOTAL 16.6 i5.8

 annot§ted Lo -

IR s,

is the computer rééﬁitsnfoffﬁhé‘éampléﬂééckorQ
indicate the input’data used-and Sutput results. Note the

annual growth rates in Table 4-9 have been transcribed from
Figure C-1. However, the traffic split in Table 4-9 was based
on questionnéire item 9, rather than that prédicted by the
traffic model for the default definition of normal and

expedited service.

~4.2.3 Route Characteristics

The route characteristsics define the physical makeup of

each route segment. The specific items of interest are: the




track itself, including sidihgs and yards; bridges and tunnels;

the electrification system; and grade crossing signals.

Track Characteristics

Each route segment is defined by its unique Link File
Identification, which consists of the two-letter railroad
identifier, the Link Identification Code (LIC)[27] for the
starting link, the LIC for the ending link, and the Census
Region[30] to the ending link. Using this route and LIC data,
track charts and railroad time tables are then used to obtain
the number of route miles with one, two, three, and four or
more tracks. However, these routes miles must also be broken

out by class of curvature.
The class of curvature is defined as:

- Tangent - Tangent to 1°; _
Medium - Greater than 1° but less than 3°;
Heavy - Equal to or greater than 3°.

For this study, the breakout of track by curvature was done
two ways,rby use of the FRA Data Base for the lO 000 mlle core _

ané”by estimation’ for the remainder.

Using the FRA Data Base, the milage of each link which fell
into each class of curvature was obtained by assigning the
length of each element to the appropriate curvature class, and
then adding to obtain the total per class for each link. See
Worksheet No. 1, Figure 4-5. The links'wete then added to
yield the total miles per curve class for the entire route
segment. The example shows the data for the first LIC (of a
total of 9 LICs) for the selected route segment. Note that in
this example all track falls into the tangent class. Since the
.Data Base information then available did not include track
datan the percentage ef_Tangent, Medium, and Heavy curvature



Revision Date: 9/22
Sheet 1 of 1 sheets

Railroad: URail & Company From - To: UTown Yard to UCity
FRA  ELEM. ROUTE RM_BY NO. OF TRACKS GRADE CURVE RM BY CURVE CLASS
LIC NO. MILES 1 2 3 4 PERCENT RM x GRADE  DEGREE TAN. MED. - HVY,
UR . .

999 1 2.60 .07 0.182 .80 2.6
2 1.30 . - .44 " 0.572 .46 1.3
3 2.60 - .20 0.52 .76 2.6
4 6.10 .17 4.697 .36 6.1
5 1.10 .72 0.792 o 1.1
6 3.00 o .49 1.47 ‘ 0 3.0
7 7.00 . W75 5.25 .42 7.0
8 3.10 . .29 0.899 .20 3.1
9 1.90 - , .42 0.798 .22 1.9
10 . 3.30 .76 2.508 .04 3.3
11 2.00 Cr27 0.54 .02 2.0
12 3.00 . .63 1.89 278 3.0
13 17.90 ) .32 5.728 .24 17.9
14 1.10 ‘ .60 0.66 .54 L.l
15 16.90 .47 7.943 .10 16.9
16 0.80 .24 0.192 (] 0.8
17 2.00 . .68 1.36 .60 2.0
18 5.50 .73 4.015 .40 5.5
19 1.10 L .64 0.704 o 1.1
20 0.60 .41 0.246 0 0.6
21 - 1l.40 ; © .57 6.798 . .36 1.4
22 3.20 : .65 2.08 .42 3.2
23 0.70 1 0.322 ] 0.7
24 1.40 ’ .51 0.714 ] 1.4
25 1.30 .29 0.377 0 1.3
26 1.40 - .58 0.812 .08 1.4
27 0.50 . ‘ .45 . 0,225, .90 .. 0.5
28 11.70 ) e Dty ih 446 125,382 02 11.7
29 o050 it v RS .30 . 0.15 0 0.5
"’r\‘" "-: N e -
TOTAL 105.0 ; 51.826 - 105.0 0 0
Curve Classes: : » y L BM x Grade
Avg Gd = T ri
Tan.:- 0<C<1® ) g
- o, o .
e g o3+ 2 - 0.

FIGURE 4-5. 'WORKSHEET NO. 1 - RIGHT-OF-WAY DESCRIPTION



FRA LIC - Obtain from route segment list, or Ref. 14.
Element Number - Enter sequentially for each LIC.
Route-Miles - Enter route miles for each element. Obtain from FRA Data Base.

Route-Miles by Number of Tracks - Obtain from Data Base (not always
available) and enter under appropriate number of tracks.

Grade - Obtain from Data Base and enter; maintain sign.

Route-Miles x Grade - Multiply Route Miles by Grades, enter absolute value.
Curve - Obtain from Data Base. |

Route-Miles by Curve - Enter Route Miles under appropriate curve class.

Total ~ Add indicated columns. A4dd RM by Number of Tracks by each curve
class to produce a four a three matrix.

Calculate Avg. Grade = RM x Grade for entire route segment

Route-Miles for entire route segment

FIGURE 4-6. INSTRUCTIONS, WORKSHEET NO. 1
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was calculated, and these percentages were than applied _
proportionally to the previously prepared route miles of one,
two, threé, and four tracks. The resulting three by four
matrix was entered into Records, 17, 18, and 19 of the Link
Data File. (See Section 4.2.7 and Figure 4-21 to follow.)

Estimation was used for the remainder of the network. The
use of the Data Base described above was very tedious and time-
consuming. The data gave the resuits that 89+ percent of the
10,0000 mile core was tangent, 10+ percent was medium ‘
curvature, and 0.5+ percent was heavy curvature. Using the
catenary cost data indicated in Figure 4-1, the costs were
compared for 80 percent tangent/20 peréent medium, 90 percent
tangent/10 percent medium, and 99 percent tangent/one pefcent
medium curvature. Using the 90 percent/l10 percent cost as the
reference, the 80 percent/20 percent cost was l.2 percent
greater ‘and the 99 percent/one percent cost was 1.1 percent
less. Since the catenary cost appeared to be reasonably
insensitive to 10 peréent shift between curvature categories,
most of the route segments for the remainder of the network
were estimated to have 90 percent tangent and 10 péréent medium
curvature trackage. However, for a few route segments which
‘were:;kpown te~liexin. rugged terrain,.the estimate:was changed
to 85 perdént tangeht and 15 percent mediim curvature track.

Operating Route Miles

As discussed in Section 3.2, the traffic and/or the
locomotives may not travel the same distance as given by the
sum of the Miles of Main Line Track Wired. 1In this case, the
operating Route Miles is given by the railroad as part of the
traffic and operating information added to the Railroad
Questionare. In the selected example, a helper locomotive is
required for normal service in the reverse direction, and the
length of the helper operation is given separately on the

guestionnaire.




The Operating Route Miles is entered into Record 12 on the

Link Data Form.

Sidings and Yards

Sidings and yard data consists of all miles of catenary
construction not included in the main line track data, and is
the track miles of sidings, interlockings, cross-overs, etc.,
obtained from track charts summed with the estimated miles of
yard wired. Yards of small, medium, and large size were wired
for 10, 20, and 30 miles respectively. '

The total mileage is entered into Record 16 of the LDF.

Grade CharacteristiCs

Average grade characteristics can be obtained from track
charts or by estimation. The processes are similar to those
used to obtain cuvature data, and use the same Worksheet No. 1,

Figure 4-5.

For. thls study, the average grade was obtalned from track
charts for ‘the 10y 0004m11e core. -The mlleage and grade were
obtained .and enteredmon)the«worhsheet"for eachmroute~elementy
and their broduct was calculated for the formula given in the
instructions.:- In the example, dara are entered for the first
nine LICs for the selected route segment, and the average dgrade
is caluculated. Note that average grade is calculated for the
entire route segment, and not for a single LIC as shown in the

example.

The average grade was estimated for each route segment of
the remainder of the network as the track chart procedure was

very time consuming. Three categories of grade were defined:



Light - Grade 0 percent to 0.33 percent;
Medium - Grade 0.34 percent to 0.67 percent;
Heavy -~ Grade greater than 0.68 percent.

A feel for the magnitude of the average grade was developed
during the prepartion of the data for the 10,000-mile core.
The average dgrades for the remainder of the network were
estimated as Light, Medium, or Heavy by comparing the terrain
to similar terrain in the 10,000-mile core.

The average gréde is not entered onto the Link Data File,
but is used on Worksheet No. 9, Figure 4-18, to calculate

Electric Energy Consumption.

Grade characteristics for the Ruling Grade can be obtained
" from the FRA Data Base, track charts, or other railroad data.

For this study, the Ruling Grade values were supplied by

the railroads on the Railroad Questionnaire, Item 7.

ThéffOFWard“andﬂregeéséiRﬁ;¥ﬁ§,éfﬁdé%ia%e%égéekeé'dnto the
LDF in Récords 13 'and 14- respectively, and are used to
determine elecric locomotive dispatch policy on'Worksheet
No. 4, Figure 4-12.

‘ The special case involving helpers must be noted. When a
helper is used, the ruling grade within the helper district is
entered into the Link Data File for the helper calculations,
and the ruling grade outside the helper district is entered .

onto the LDF for the complete route segment calculations.



Bridge and Tunnel Count

The critical data is the number of bridges and length of
tunnels (total) requiring increased clearance. This type of
‘data is not readily accessible for a large network. Hence, the
following proceaure was adoptedﬁ

The count of the number of bridges and tunnels can be
obtained from the FRA Data Base.

The raw count 6f the number of bridges was adjusted to
reflect the percentage of total bridges which wouid probably
.require reconstruction based on the findings of the Conrail
'electrification study{i8]. 1In Census Regions 1 and 2, 25KV
~catenary voltages were used; here the raw bridge count was
mﬁltiplied by 0.25, since it is estimated that 25 percent of
the bridges will require reconsruction to accomomdiate the
catenary. In all other Census Regions, 50KV cafenary voltages
were used; the raw bridge count was multiplied by 0.65, since
it is estimated that 65 percent of the bridges will require
reconstruction to accomodate the larger clearances required by
the higher wvoltage. '

The adjusted bridge count is entered into Record 22 on the
LDF.

The only reliable sources of information on tunnel
modification are tunnel engineering and design drawings. The
tunnel data for this study are incomplete. Where tunnel data

‘are given, they were provided by the railroad.*

*The tunnel count can usually be obtained from the FRA Data
Base which lists the number of tunnels, but does not include
the length, the number of tracks, or the overhead clearance.
It would be inappropriate to establish a factor which -
estimates the fraction of tunnels requiring modification as
with bridges since the number of tunnels examined was small.



Tunnel data are entered into Record 21 of the LDF.

-Substation Requirements .

The number of electric traction power substations is

established by the catenary voltage selected and by the
'practice of the railroad as regards to the terrain and power
grid accessibility. The catenary voltage of 25KV was chosen
for Census Regions 1 and 2 (New England plus New York, New
Jersey and Pennsylvania); physical clearance problems cansed by
the higher degree of urbanization and the large amount of old
right-of-way construction this area were reduced by selecting
25KV. "For all other areas, 50KV was selected.

In practice, the decision between 25KV and 50KV is link
specific. The reduction in civil reconstruction-costs for 25KV
may exceed the increase in substation and utility connection .

costs, and hence 25KV may be more cost-effective.*

From the data given in Reference 22, the average substation ‘
spacing for 25KV and 50KV for each of the eight listed -
railroads were calculated. These spac1ngs were used to compu*e-

the number of substatlons, by number of tracks, for each route

| segment 'of the’ elght llsted rallroads. ‘'Sée Worksheet No. 2,

Figure 4-~7. The welghted average spac1nge'for the eight

railroads were also calculated, and were used to compute the‘

number of substation for-the other railroads. The spread of

the substation spacing is given below:

~*Such is the case, for example, on the Family Line route from
- Elkhorn City, KY to Erwin, NC, where nearly seven miles of
tunnel makes civil reconstruction the largest single
investment at 50KV.



Railroad:

URail & Company

Revision Date: 9/22/82

From - To: UTown Yard to UCity

50 75

Voltage Used =

25kv or 50kv’

Substation Spacing = Miles

BY TRACK~-MILES

WIRED ROUTE-MILES 1 TRACK 2 TRACKS 3 TRACKS 4 TRACKS
Miles 504 406 98 0 0
(Total)
Substations 7 5 2 0 0
(Total)
FIGURE 4-7. WORKSHEET NO. 2 - CALCULATION OF NUMBER OF SUBSTATION



Voltage Used - Enter 25KV for Regions 1 and 2, 50KV for all other Regions.

Substation Spécing ~ Obtain from Reference 22, or use 30 miles for 25KV and
75 miles for 50KV systems.

Wired Route-Miles - Obtain from LDF Records 17, 18 and 19. add 1, 2, 3
and 4 track entries and enter total. ‘

Calculate results as follows:

1. Divide Total Miles by Substation Spacing. Round off fraction
according to Rounding Rule, and enter result into Total Substations;

2. Divide 4-track mileage by the substation spacing, round off
results, and enter under 4-track Substations;

- 3. Repeat for 3-track and 2-track;

4. Add substations for 4, 3 and 2 tracks. Subtract sum from Total
Substations and enter result under l-track Substations.

Rounding Rule ‘If‘fraction of a substation is equal to, or greater
than, 0.3, round up to the next largest whole number.

Note 1 If 4~track mileage is too small to.'indicate one
‘ ’ substation, add it to 3-track mileage. If this sum is
still too small to indicate one substation, add it to
the 2-track mileage.

Note 2 The intent of the Rounding Rule and Note 1 is to bias the
' number of substations toward the larger number of tracks
‘and. hence toward the larger and more costly substations.
This is done to provide a contingency margin needed
because of uncertainties in track arrangements,
substation feed locations, current loads, etc.

Example Divide total route-miles by substation spacing, 504/75
= 6.,72. By rounding rule, round up to 7 and enter.
Divide 2-track route miles by spacing 98/75 = 1.307.
Round up to 2 and enter. Subtract 2-track stations from

total stations, 7-2 = 5, and enter under l-track heading.

FIGURE 4-8. INSTRUCTIONS, WORKSHEET NO. 2




25KV 50KV

Minimum Spacing 18 miles 59 miles
Maximum Spacing 35 miles’ 93 miles
Average Spacing . 30 miles - 75 miles

Substation data are entered into Record 20 of the LDF.

Utility Connection Mileage

The miles of utility connection is the sum of the lengths
of new transmission lines which connect the substations to the
primary power dgrid. For‘many of the route segments,‘the miles
can be obtained from Table A-2{24]; it was used for this study
whenever the table included the route segment. If the total
route mileage exceeded the route segment mileage, the length of
the total utility connection was pro-rated by the ratio of the
route segment mileage to the total route mlleage. ’

If the‘rodte segment was not available in Reference 24, the
utility connection miles was calculated by multiplying the
route segment.total of Main Line Track Wired by 0.09 for 50KV
feeders and by 0.18 for 25KV feedersv(based on the average
miles of utility confection, pet route mile 0f-electrification
" for all routesy.l | | | R | - ‘

Utility connection data are entered into Record‘23 of the
LDF. '

Train-Activated Grade Cfossings

The number of crossings is obtained from the FRA Data Base
by adding the number for every LIC in the route segment, and is

entered into Record 24 of the LDF. The model does not use this



data in the configuration documented by this report. It should

also be noted that no route-specific input data is prepared for
other electric compatibility modifications required to the

signal and communication system. The model as configured .
assumes the cost of all such modifications is proportional to

the route miles wired for electrification.

~4.2.4 Directional Diesel Power Requirements

The diesel dispatch level as reported on the Railroad
Questionnaire is based on the nameplateApower rating of the
diesel‘engine/generator., The nameplate or most freduently
quoted diesel rating is the horsepbwer available for tractioﬁ
and doés not include losses in the generator or
alternator/rectifier and traction motors as indicated in
Figure 4-9. 1t isfnecessary to use the réting at tﬁé rail for
compatibiiity with the nameplate horsepower réting of an
electric locomotive, which islspecified at the rail. The
efficiency factor was assumed to be 0.85. Worksheet No. 3 .
(Figure 4-10) defines the proceduré used in the network '
analysis for conversion to ratéa power at the rail. Note that
for the sample segment,‘phgrg;esé} be;peg é?épatcﬁ level is
separately converted. )

The directional diesel power requirement is calculated
using the dispatch level at the rail, runtime and other data as
indicated by the instructions on Worksheet No. 4
(Figure 4-11). The dispatch level and run time are critical
data that are typically. established by a train performance
calculator when performing a feasibility study. The use of
questionnaire data obviates the use of a TPC and includes the
"factor of safety" that a railroad applies to contend with .
unpredictable events such as locomotive faiiure and
weather~dependent variations in traction.
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—»| DRAWBARHP  |w—

POWER TO
HAUL TRAIN

POWER TO AUXILIARIES

(cooling fans, motor blowers,
locomotive controis, air brake
compressor, etc.)
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FIGURE 4-9. COMPARISON OF LOCOMOTIVE HORSEPOWER RATINGS



Revision Date: 9/22/81

Railroad: URail & Company From - To: UTown Yard to UCity, USA

NV
1 2 "3
TOS Dirs Dispatch Level, x Efficf - Dispatch Léevel,
' A Rated HP/GT Pactor Rail HP/GT
BULK Fwd | X =
Rev X =
NORM Fwd 1.8 x 0.85 = _ 1.53
Rev 1.9(+1.2)* x 0.85 = 1.62(+1.02)*
EXPD Fwd 3.1 x 0.85 = _ 2.64 »
Rev - 3.0 x .0.85 =’ 2.55
PASS Fwd _ X | ‘=
| Rev - , _ b4 =
INSTRUCTIONS

l. Dispatch Lévgl‘(Ratéé HP/éé;; “Obtaiﬁ.érom tge;Raiiraéd Qdéééionnairé for
each type of sérViée'preseﬁt'on'the’route'seCtdf.‘ ‘

2. ConversionﬂFactor. Efficiency factor to account for power losses between
diesel engine and wheels. Use the same factor for all diesel locomotives
on all route segments.

3. Dispatch Level (Rail HP/GT). The result is rail horseéoWer per trailing

gross ton delivered to the rail by the Diesel locomotive. Enter forward
dispatch levels in record 33 of the Link Data File form; enter reverse
dispatch levels in record 34 of the Link Data File form.

*Helper Locos at Big Mountain Pass.

FIGURE 4-10. WORKSHEET NO. 3 - DIESEL LOCOMOTIVE DISPATCH POLICY



URail & Company

Revision Date:

Railroad: From - To: UTown Yard to UCity, USA
Traffic Dispatch Sched., Tranand Directicnal
} Density x Level Rail x Time + Time x _ Year + Utiliz. = Rail HP
T0S Dir: GT/YR HP/GT Ars. Hrs. 8760 hrs. Factor Required
BULK Fwd x x { + ) % 1 - =
T - 8760
- Rev x x { + ) x 1 - ‘ =
8760
L o NORM Fwd 9.79x106 x 1.53 x (21,75 + 1.5 ) x 1 + _0.72 = 55198
8760 -
o o Helper i 7.93x106'x 1.02 X 1.36 + _ 0 x 1 + 0.72 = 1760 ;
o L Rev 7.93x106 x 1.62 X (16,25 + 1.5 ) x 1 + 0,72 = 36142
8760 .
o ) EXPD Fwd 6.81x106 x 2.64 X (13,17 + 1.5 ) x 1 <+ _0.72 = 41803
8760 .
o o Rev 7.87x106 x 2.55 X (13.42 + 1.5 ) x 1 + _0.72 = 47458
8760
. a PASS Fwd x x ( + ) % 1 + = -
§760
Rev x x + ) X 1 - =
8760
INSTRUCTIONS
1. Traffic Densitv (Gross Tong Per Year). Obtain from the Traffic Forecast Summary
Sheet, the base year traffic densities, or from items 8 and 9 of the Railroad
Qustionnaire by Type of Service -.in each Dirmction. .. ©  -“- -
2. Dispatch Level (Rail' ‘HP/GTY. ' OGbtain 'from Worksheet No. 3, Column 3, by TOS and ;
Direction.

FIGURE 4-11. WORKSHEET NO. 4 - DIESEL LOCOMOTIVE DIRECTIONAL POWER REQUIREMENT



INSTRUCTIONS (CONT'D)

i

]

; 3. Schedule Time (Hours).

: . For mainline locomotives, copy from Railroad Questionnaire by TOS and Direction.
! ) ;

. For helper locomotives assisting in one direction; multiply length of the qrade,
ohtained from Railroad Questionnaire x 0.075.

[ For helper locomotives assisting in both directions: multiply the length of the
grade, as obtained from the Railroad Questionnaire by 0.10.

4., Turnaround Time (Hours).

° For mainline locomotives obtain operating route-miles from W.S. No. 1 and
compute:

| Turnaround Time = .003 x (operating route-miles) (Based on thé assumption that a
diesel locomotive travels 1,000 miles between stops of 3~hour duration for
inspection, refueling and sanding).

® . For helper locomotives enter turnaround time = 0.

5. Utilization (Factor). This factor accounts for the fraction of a year that the

! locomotive is on the road or at an end point for inspection, refueling and sanding.
1 Non-utilized times include maintenance and repair time, timé in storage hecause of
seasonal lulls in.traffic, and waiting time for schedule considerations. Use the
same- factor for all”diesel locomotives on all route sectors.

6. Directional Rail Horsepower Required. The result is the rail horsepower required to
move the annual gross tonnage in one direction where the return trip time of the
locomotives is ignored. Enter the forward and reverse results in records 31 and 32
of the LDF form, respectively. ’

FIGURE 4-11. WORKSHEET NO. 4 - DIESEL LOCOMOTIVE DIRECTIONAL POWER REQUIREMENT (CONT'D)



The diesel utilization factor, as defined in item 5 of
Worksheet No. 4, was assumed to be 0.72 for each railroad in

the network study with concurrence of the Planning Committee.

Schedule time and turnaround time are caléulated
differently for helper locomotives. Speed up a grade is
assumed to be 10 mph. If the return trip is downhill (helpers
not working) the speed is assumed to be 20 mph. The average
one-way trip time in hours required to establish the '
directional helper power requirements is as follows:

Help in one direction:

- 1/2 x (;One-way mileage of helper + One-way mileage of helper.
(10) (20) N

= 0.75 X one-way mileage

Help in both directions: | N

G de et lerde o tH2 L nelsants DLt Er e Troe g HSigeeat o e

0.10 x one~way mileage

One-way mileage of helper
- (10) '

- No turnaround time is entered for helper locomotive since,
in most cases, they have a lower utilization rate than mainline

locomotives due to inffequency of trains requiring assistance.
They can therefore be serviced while waiting.

e



4,2.5 Directional Electric Locomotive Power Reauirement

Selection of Electric Locomotive Type and Dispatch Level

It can be inferred that the dispatch level stated on the
Railroad Questionnaire for diesel service provides adequate
tractive effort, as well as horsepower, to meet the demands
imposed by service and terrain on the sector. It is assumed
that maximum tractive effort is required on the ruling grade of
the sector. This tractive effort is readily calculated and can
be converted to an equivalent "traction" dispatch level
requirement (power per trailing gross ton)‘fof the prevalent
diesel locomotive type.* For sectors with large ruling grades
aﬁd slow moving trains the dispatch policy as stated on the
' questionnaire is likely to be established by traction. When
ruling grades are small and train speed is higher, power
requirements are likely to.establish the dispatch level. The
prevalent locomotive would be fully utilized if both tractive
and power requirements resulted in the same dispatch level.

In selecting an electfic locomotive type and a _
:corresponding”diepagch level for a sector, it is presumed to be
a desirablelsituétioﬁfwhép;;reétive'ahd’poger’dispatéh
capabilities’are_fully utilized. The prevalent‘electric
locomotive is selected to have a ratio of power to tractive
effort capability similar to the prevalent diesel if
calculations show the diesel to be "fully utilized." For those
situations in which tractive dispatch requirement is calculated
to be significantly lower than the level stated on the
questionnaire (which is then taken to be the power dispateh

*The Davis equation is used, with aerodynamic resistance :
omitted since the train is assumed to be climbing the grade at
10 mph; tractive effort per trailing gross ton equals 4 + 20
X Ruling Grade in percent (Ref. 5).

4-48




requirement) , an electric replacement is selected which has a
higher ratio of power to tractive effort capability, thereby
replacing an underutilized diesel with a more fully utilized

electric.

Worksheet No. 4 (Figure 4-12) describes the procedure for
selecting electric locomotive type and dispatch level. The
procedure is repeated for each type of service that exists on
the sector and results in a independent determination of
locomotive type for each. For the network study, mote than one
prevalent locomotive type was identified for eight of the
127 sectors. Review of the Railroad Questionnaires indicate
that most railroads select the same type of diesel locomotive
for all service categories on a sector. Deviation from current
practice in selecting electric locomotive type was implemented
to take advantage of the higher horsepower to tractlve effort’
ratlng of electric locomotives in expedited service.

Only three electric locomotive typee were considered in
this study. There were seven diesel types indicated as
prevalent_on the questionnaires completed for the 96 link
network. Thus, there are fewer combinations of power and
tractive'effOrt'ratiﬁgsifrem‘which to choose in attempting to
find an electric locomotlve type that is fully utilized. The
selectlon procedure adopted is to replace a diesel with an
electric which has precisely the tractive capability required
for the ruling grade and a minimum of horsepower in excess of
the diesel dispatch. While it would be equally acceptable from
a performance point of view to select an electric with
precisely equivalent power capability and a minimum of tractive
effort capability in excess of the diesel, this approach is
less cost-effective with the present electric iocomotive cost

structure. There are two exceptions to the selection

philosophy: -



Revision Date:

Railroad: URail & Company ' . From - To: UTown Yard to UCity, USA

Type of Service: Normal

=

. DOMINANT DIRECTION from Worksheet No. 4 (direction requiring greatest Diesel
Horsepower): FWD x REV .

~

. Prevalent Diesel Toco Type # 4 Diesel Rail HP/lb TE, 2250/66,200 = 0.39.

A

w

. Diesel Rail HP Dispatch Levels:  Forward 1.53 Reverse 1.62.
*4, For the dominant direction, calculate the Davis Equation Dispatch Level: (DEDL):

DEDL = (4 + 20[Ruling Grade] x Prev. Diesel Rail HP/lb TEA) = (4 + 20(14)) x ,039 = ,936.

*

i

. Calculate possible dispatch levels, by direction:

FORWARD DIRECTION REVERSE DIRECTION

4 + 20(Ruling Grade) = 4 +.20(1.0) = 24 4 + 20(Ruling Grade} = 4 + 20(1.0) = 24
Elec. 1b TE, . Elec. Rail _ Elec. Rail Elec. 1b TEp ., Elec. Rail _ Elec. Rail
Loc.. per GT X HP/1lb TEp =~ HPp/GT’ Loc. per GT X HP/1b TEpn = HP /GT

1 24 x 0.038 = __.912 ' 1 x 0.038 =

2 24 x  0.041 = .984 2 x 0.041 =

—_—. St S
3'__28 ° x 0.062 = _1,488 3 x 0.062 =

. e . : . o

*6a. Select Tocomotive Type and Dispatch Level: Type Locomotive _ =3 ‘.
Fwd Elec. Loco. Disp. Level 1.53 . Rev Elec. Loco. Disp. Level 1.62 .

6h.Select Electric Locomotive Tyée and Dispatch Level: Tvpe Locomotive .

Dispatch Level = (Diesel Dispatch Level) x (Electric RHP/1lb. of T.E.) ~ (Diesel RHP/1lb.
of T.E.).

[}
b3
~

Fud Dispatch Level = ( y x ( Y/ ¢ ) Rev Dispatch Level

FIGURE 4-12, WORKSHEET NO. 5 -~ ELECTRIC LOCOMOTIVE SELECTION AND DISPATCH LEVEL



INSTRUCTIONS

1. Dominant Direction: Obtain from W.S. No. 4 the direction reguiring the greatest
horsepower for the designated type of service.

2. Prevalent Diesel Locomotive Type/Ratio Diesel Power to Traction: Obtain the
prevalent diesel locomotive type from the Railroad Questionnaire for the designated
tvpe of service. Obtain the ratio of diesel rail horsepower to tractive effort
ratings from the Table of Diesel Locomotive Design Characteristics, Table 2-5.

3. Diesel Dispatch Levels: Obtain from W.S. No. 2 the rail horsepower dispatch level of
the road locomotive in each direction for the designated type of service.

*4. Tractive Dispatch Requirement for the Dominant Direction:

- Obtain the ruling grade (outside the helper district if there is a helper) from
the Railroad Questionnaire.

- Copy the prevalent diesel locomotive power to tractive effort ratio from Ttem 2

above.
- Calculate the traction dispatch requirement using the Davis equation indicated.
- Cecision Rule: If the traction dispatch requirement is less than the dominant

dispatch level recorded in Item 3, complete Items 5 and 6a below: if the
traction dispatch requirement is greater, complete Item 6b.

*5. Possible Electric Dispatch Levels in Dominant Direction:

- For the dominant direction, copy the ruling grade from Item 4 into the Davis
equation and calculate the tractive effort requirement.

- Convert the tractive effort requirement into a tractive dispatch level (rail
horsepower per gross ton) for each candidate electric locomotive by use of the
indicated equation.

6. Selection of Electric Locomotive Type and Dispatch Level:

*a, -~ Select the electric locomotive type for which the traction dispatch require-
ment just exceeds the diesel dispatch level (Item 3). Record the locomotive
type selected and the corresponding dominant tractive dispatch level.

- Calculate the dispatch level in the other (non-dominant) direction for the
selected electric locomotive type (perform the calculation in the unused
column of Item 5 of the Worksheet) and record the result in the apnropriate
direction in Item 6.

*Use only Ttem AB when calculating helper dispatch level.

FIGURE 4-12. WORKSHERT NO 8§ - ESLECTRIC LOCOMOTIVE SELECTION AND DISPATCH
LEVEL (CONT'D)



INSTRUCTIONS (CONT'D)

6., Selection of Electric Locomotive Type and Dispatch level: (Cont'd)

NOTE: If none "of the electric dispatch levels in the dominant direction
exceed the diesel dispatch level, select electric lccomotive Type 3 and use’
the diesel dispatch levels, Item 3, for the elactric dispatch levels.

*b. Road Locomotives:

- Copy the diesel dispatch level from Item 2.

- Select the electric locomotive type that correspeonds to the prevalent diesel
locomotive type (Item 2), usan ‘the following table and record:

Electric Type Diegsel Type
1 : 1, 2, 7
2 4
3 3, 5, 6

i - Copy the power to tractive ratio from Item 5 for the electric rype selected.

T Copy the’ diesel powe: to tractive effozt ratxo Ercm !tem 1.

. PR P
= Caltulate the electric dispatch level in each dxtection usan the equat1on
! indicated.

Helper Locomotives:

~ Obtain the diesel helper dispatch level from the Railroad Questionnaire.

~ Use the electric locomotive type selected for the road locomotive (Item 6 of
the corresponding worksheet No. 5).

- Copy the power to tractive effort ratio from Ttem 5 for the electric type.

- Obtain the diesel power to tractive effort ratio from the Table of Diesel
Locomotive Design Characteristics, Table 2-5.

- ,Calculate the electric dispatch level using the equation indicated. .

FIGURE 4-12. WORKSHEET NO. 5 - ELECTRIC LOCOMOTIVE SELECTION AND DISPATCH
LEVEL (CCNT'D) .



1. When the diesel dispatch level is greater than the
tractive dispatch requirement of any candidate
electric type, the electric with the largest power to
tractive effort rating is selected and is dispatched
at the diesel dispatch level. It is power limited on

the sector:

2. When the traction dispatch level of the diesel is
calculated to be greater than the stated dispatch
~level from the questionnaire, the calculation is
discarded as being invalid (for such reasons as
"doubling" up in the hill) and the electric type is
selected with a power to tractive effort rating just
greater than the diesel and is dispatched with .the

same tractive capability.

The selection of electric locomotive type and dispatch
level for the sample sector is shown in Figures 4-12, 4-13,
and 4-14. Three worksheets are required for the sample sector
because there are two types of service, one of which requires
determination of dispatch level of a helper locomotive in
addition to the road lecomotives.. i .o o . e

RS SRVE

Helper Locomotive Dispatch Level

If a helper is used on a sector for one or more types of
service, it is presumed to be the same type as that of the road
locomotive it assists. Electric helpers are dispatched with

same tractive effort capability as the diesel now in service.*

*Some reduction in size of the electric helper fleet could be
achieved if the tractive capability of the.electric road
locomotives exceeds that of the diesels they replace. This
was not considered since the electric helpers most probably
would be required to assist dieselized trains that would
continue to operate on the sector.



Revision Date:

Railroad: URail & Company From - To: UTown Yard to UCity, USA

Tvpe of Service: Expedited

1. DOMINANT DIRECTION from Worksheet No. 4 (direction requiring greatest Diesel
llorsepower): FWD REV X .

2. Prevalent Diesel Loco Type 4 Diesel Rail HP/lb TEA .039 .

3. Diesel Rail HP Dispatech Levels: Forward 2.64‘ Reverse 2.55.
*4. For the dominant direction, calculate the 'Davis Equation Dispatch Level (DEDL):

DEDL = (4 + 20{Ruling Grade] x Prev. Diesel Rail HP/lb'TEA) = (4 + 20(14)) x ,039 = ,936.

*5. Calculate possible dispatch levels, by direction:

FORWARD DIRECTION - . REVERSE DIRECTION

4 + 20(Ruling Grade) = 4 + 20(__ ) = - 4 + 20(Ruling Grade) = 4 + 20(1.0) = 24
Elec. 1b TE, _ Elec. Rail _ Elec. Rail’ Elec. 1b TE, . Flec. Rail _ Elec. Rail
‘Loc. per GT X HP/lb TEp = HPR/GT } ~ loc. per GT * HP/1b TEp ™ HP /GT
1 _ - x 0.038 = 1 24 % 0.038 = __.a12
2 x 0.041 = 2 24 x 0.061 = _.984
3 ' x  0.062 = 3 26 x 0.062 = _1.488
*ha.Select Locomotive'Type and Dispatch Level: Typé Locomot{ve 3 .
de,slé?f Loco. Diép:'Psyei r#n?.ﬁfv . .ﬂ?ﬁ?z?%ﬁ?‘ gg_‘zhgisptﬁpgv?;h._ 2.55 . . -
'ﬁh.Selec£ éiecﬁr{c Locoﬁ;ti;e Type and Dispatch Level: Type Locomotive .

Dispatch Level = (Diesel Dispatch Level) x (Electric RHP/1b. of T.E.) - (Diesel RHP/1b.
of T.E.).

Fwd Dispatch Level = (___) x {___)}/(__) Rev Dispatch Level

L}
—~
-
»
~

= =
— —

FIGURE 4-13. WORKSHEET NO. 5 - ELECTRIC LOCOMOTIVE SELECTION AND DISPATCH LEVEL



Revision Date:

Railroad: URail & Company From - To: UTown Yard to UCity, USA

Type of Service: Helper

1. DOMINANT DIRECTION from Worksheet No. 4 (direction requiring greatest Diesel
Horsepower): FWD REV X .

2, Prevalent Diesel Loco Type # 4 Diesel Rail HP/1b TEA 0.39 .
3. Diesel Rail HP Dispatch Levels: Forward Reverse 1.02.

*4. For the dominant direction, calculate the Davis Equation Dispatch Level (DEDL):

DEDL = (4 + 20[Ruling Grade] x Prev. Diesel Rail HP/lb IEA) = (4 + 20{(1.)) x

*5. Calculate possible dispatch levels, by direction:

; FORWARD DIRECTION REVERSE DIRECTION
4 + 20(Ruling Grade) = 4 + 20(__) = ___ 4 + 20(Ruling Grade) = 4 + 20(1.0) = 24
Elec. 1b TEy _ Elec. Rail _ Elec. Rail Elec. 1b TE, _ Elec. Rail _ Elec. Rail
Loc. per GT X HP/1b TEp =~ HPR/GT Loc. per GT X HP/1b TEp = HP /GT
1 x 0.038 = 1 x 0.038 =

% 2 x 0.041 = 2 : x 0.041 =

E J x 0,062 .= o .3 e . X. 0,062 =

*6a.Select Locomotive Type and Dispatch Level: Type Locomotive .3 .

Fwd Elec. loco. Disp. Level Rev Elec. Loco. Disp. Level .
6b.Select Electric Locomotive Type and Dispatch Level: Type Locomotive 3 .
Dispatch Level = (Diesel Dispatch Level) x {(Electric RHP/1b. of T.E.) - (Diesel RHP/lb.
of T.E.}.
Fwd Dispatch Level = (___) x ( Wi__) Rev Digpatch Level = (1.02) x (.062)/(.039)
= = 1.62

FIGURE 4-14. WORKSHEET NO. 5 - ELECTRIC LOCOMOTIVE SELECTION AND DISPATCH LEVEL

55
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Figure 4-14 illustrates the helper dispatch calculation for
reverse, normal traffic on the sample sector. '

Directional Power Requirement

The electric power requirement is.calculated on Worksheet
“No. 6 (Figure 4-15) using a procedure similar to that used for
calculating diesel power requirement but with the following
differences: ’

1. Dispatch level is obtained from Worksheet No. 5
(Figures 4-12, 13 and 14), item 6a or 6b;

2. Utilization is assumed to be .75, reflecting the need

for less repair and routine maintenance;

3. Turnaround time is assumed to be 50 pefcent less than
for diésel locoﬁbtives because no time is required for
refueiing and because less frequent inspection is

~required.

v i

4.2.6 Enhergy Requirement '

The energy required to move the traffic over the operating
distance consists of two parts, the direct traction energy and

the lift energy. The direct traction energy is that energy

required to overcome the losses due to friction and aerodynamic

drag and that required to provide the acceleration demands.

The Energy Consumption Factor (ECF) used for computing direct

traction energy is also a function of the average terrain

resistance (i.e., a composite of average grade and grade

equivalent curvature) between the starting and ending

locations. It is assumed that there is no elevation changé

between end points; the ECP does make appropriate compensation

for hills and valleys within the average grade calculation. ‘




Railroad:

URail & Companv

From - To:

UTown Yard to UCitv, USA

08 Dir:

BULK Fwd

NORM fwd
Helper

Rev

EXPD Fwd

Traffic

Dispatch Sched. Tranand Directional
Density x Level Rail x Time + Time x Year + Utiliz, = Rail HP
MGT/YR KP/GT Hrs. Hrs. 8760 hrs. Factor Required
X x ( + ) x 1 - a
8760
X x { + ) x 1 - =
8760
9.79x106 X 1.53 x {(21.75 + .75 ) x 1 + _,752 = 51160
8760
7.93x106 X 1.62 x 1.365 + 0 b3 1 ~ _.752 = 2650
8760
7.93x106 X 1.62 x (16.25 + .75 ) x 1 + 752 = 33141
’ 8760
6.81x106 x 2.64 x (13.17 + .75 ) x 1 + _.752 = 37977 !
8760
7.87x106 b 2.55 x (13.42 + 75 ) x 1 + _,752 ' = 43153
, 8760
- X % ( + ) % 1 + =
8760
b4 x ( + ) X 1 - =
8760
INSTRUCTIONS

1. Traffic Density (Gross Tons Per Year).

Obtain from the Traffic Forecast Summary

by ] Direct

Sheet, or W.S. No. 4 the base

ion. .

2. Dispatch Level (Rail HP/GT).

Direction.-

year traffic densities, by Type of Service in each

P o o
Obtain from-Worksheet Nol 5

- " aa EE f

-

Continued

, Item 6a or 6b, by TOS and

FIGURE 4-15.

.4-57

WORKSHEET NO. 6 - ELECTRIC LOCOMOTIVE DIRECTIONAL POWER REQUIREMENT



INSTRUCTIONS (CONT'D)

Schedule Time (llours).
) For mainline locomotives, copy from Railrocad Questionnaire by TOS and Direction.

e  For helper locomotives assisting in one direction; multiply length of the grade,
obtained from Railroad Questionnaire x 0.075.

. For helper locomotives assisting in both directions: multiply the length of the
grade, as obtained from the Railroad Questionnaire by 0.10.

Turnaround Time (Hours).

~

° Fcr mainline locomotives obtain operating route-miles frém W.S. No. 1 and
compute:

Turnaround Time = ,0015 x (operating route miles) (Based on the assumption that
an electric locomotive travels 1,000 miles between stops of 1.5-~hour duration
for inspection and sanding.) Or use half the diesel turnaround time from W.S.
No. 4. .

L] For helper locomotives enter turnaround time = 0.

Utilization (Factor). This factor accounts for the fraction of a year that the
locomotive. ig on the road or at_an end point for inspection and sanding.
Non-utilized times include maintenance and repair time, time in storage because of
seasonal lulls in traffic, and waiting time for schedule considerations. Use the
same factor for all electric locomotives on all route sectors. :

Directional Rail Horsepower Required. The result is the rail horsepower required to
move the annual gross tonnage in one direction where the return trip time of the
locomotives is ignored. Enter the forward and reverse results in records 31 and 32
of the LDF form, respectively. : '

FIGURE 4-15. WORKSHEET NO. € - ELECTRIC LOCOMOTIVE DIRECTIONAL POWER

REQUIREMENT (CONT'D)
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Lift energy is the incremental energy expended or recovered due

to the difference in elevation between the origin and

" destination.

'Lift Energy Calculation

Lift energy was calculated first for convenience, using
Worksheet No. 7 (Figure 4-16). If the starting location was
higher than the ending location, lift energy was recoverd and
carried a negative sign because the train was travelling
downhill., Lift energy was not calculated for helper locomotive
operations; the energy expended in climbing the hill (positive
sign) is accounted for under the direction traction energy
calculation.

One caution is necessary in calculating lift energy. If
the average downhill grade exceeds approximately 1/3 percent,
braking is required to limit train speed[29]. Thus the
recoverable potential energy is limited unless the braking is
accomplished by regenerative braking.*

The test is.straightfoward.. - =~
Differential Elevation in Feet
5280 X 100 = Equivalent Angle

Route Miles of Downgrade -~ in percent

Setting the Equivalent Angle = 0.33 percent, and solving:
Limiting Differential Elevation (feet) = 17.42 X Route-Miles of

Downgrade.

*While the electric locomotive can be readily eqdipped‘to
provide regenerative braking, only friction and dynamic
braking were assumed in this study.



Revision Date:

Railroad: URail & Company From - To: UTown Yard to UCity, USA .
Elevation of Ending Location: 1880 ft.
Minus Elevation of Starting Location: ;2491 ft.
Forward Algebraic Differential Elevation: -611 ft.
1 2 ' 3 4 5 6
Traffic Diff. Lift Net Lift
: Convert x Density x Elevn + Energy <+ Eff. Energy
TOS Dir: Factor MGT/YR Ft. MWH Factor MWH
-6 ‘ ' .
BULK Fwd .753x10 X X = = 0.8 =
-6
Rev .753x10 b4 x = <+ 0.8 =
NORM Fwd .753x10-6 X 9.79 x 106 x =611 = -4504 < 0.8 = -5630
-6 .6
Rev ,753x10 " x 7.93 x 10 x +611 = +3649 <+ 0.8 = +4561
EXPD Fwd .753x10 C x 6.81 x 10° x -611 = -3133 -+ 0.8 = -3916 ’
-6 6 .' o
Rev .753x_10 X 7.87 x 10 x +611 = +3621 <= 0.8 = +4526
- 6 ) _ .
PASS Fwd  .753x10 «x- X = <+ 0.8 =
-6 ' ’
Rev .753x10 X X = <~ 0.8 =
INSTRUCTIONS
1. Conversion Factor. This factor converts ton-feet of potential energy
int<6) the electrical equivalent in megawatt-hours. Factor = 0.753 x
10-6,
2. Traffic Density (Gross Tons per Year). Obtain from the Traffic Forecast
Summary Sheet, or W.S. No. 6, by type of service in each direction.

FIGURE 4-16. WORKSI-IEET NO. 7 - LIFT ENERGY CALCULATION



INSTRUCTIONS (CONT'D)

Differential Elevation (Feet). Obtain location elevations from atlases,

road maps, etc. Calculate Differential Elevation at top of sheet, being
careful to maintain the algebraic sign. Enter with calculated sign for
forward direction calculations. Change sign and enter for reverse

directioii calculations. Maintain the correct sign at all times.

Lift Energy (MWH). This is the change in energy caused by moving the
traffic through the change in elevation. The energy is negative
(recovered) if the traffic moves downhill, and is positive (consumed) if
the traffic moves uphill. Maintain the sign.

Efficiency Factor. This factor accounts for conversion losses between
the substation metering point and the traction motor output, estimated to
be 20 percent.

Net Lift Energy. Lift energy adjusted for efficiency. Enter in

Column 6, Worksheet No. 9 (Figure 4-18).

FIGURE 4-16. WORKSHEET NO. 7 - LIFT ENERGY CALCULATION (CONT'D)




If the differential elevation exceeds the limiting value,
the limiting value is used to calculate (negative) lift energy
recovered by traveling downhill. However, the actual
differential elevation is used to calculate (positive) energy .
expended climbing the hill.

The brakingAtest was applied in this study using route
miles from origin to destination since the mlles of downgrade
was not readily available. Thus, only short routes with large
differential eievations were limited in the amount of 1lift
energy credit. On some of the longest route segments,
éspécially those in mountainous terrain, this procedure may
underestimate both the electric energy and diesel fuel

consumption.

The factor for convertlng potentlal energy 1nto 1ts'
electrical equivalent indicated on Worksheet No. 7 is obtalned
as follows: ‘

'l horsepower = 746 watts = 55 ft 1lbs/sec, or ‘
550 lb-ft = 746 watt-seconds

' since the potential energy is in ton-feet, and electrical
energy is in: megawatt-hours, the units are converted as follows:

550 1lb x ton x ft = 746 watts x sec x hr x10-6
2000 1b 3600 sec
1 ton-ft = 746 x 2000 x l0-6bmegawatt-hrs

550 x 3600

1 ton-ft = .753 x 10-% megawatt-hrs



Direct Traction Energy Calculation

Traction energy was calculated using Worksheet No. 8
(Figure 4-17) and No. 9 (Figure 4-18) and the associated Energy
Conversion Calculator graph of Figure 4-19[21]. The calculator
presents an Energy Consumption Factor (ECF) in watt-hours per

ton-mile as a function of average train speed and average
grade. Average train speed was obtained on Worksheet No. 8 by

dividing the route miles from Worksheet No. 1 by the running .
time obtained from the questionnaire, item 6. If the average
grade was categorized, the center of the indicated range was
used; othefwise, the calculated avefage grade was used. The
ECF is read on the left scale at the intersection of the
average speed (bottom scale) and the average grade (right

scale) .

For helper locomotive operations, the traction energymhas
calculated in the same manner, except that the ruling grade was
used instead of the average grade, and the helper district
operating route-miles (from the Questionnaire) was used instead
of the total operating route-miles. The average speed in the
‘helper district was assumed to be 10 MPH for normal service and 5

2Q MPH for expedited servce.

Total Electric Energy Consumption

Total electric energy consumption is the sum of traction
energy and lift energy, expressed on Worksheet No. 9 in

megawatt-hours.

‘It must be noted that electric energy consumption by TOS
and direction cannot be negative. That is, even on short,
steep route segments, there will always be some energy
consumption. The energy generated by the train coasting
downhill cannot now be returned to the power grid, and the

locomotive will use some energy to run auxilliary systems.



Revision Date:

Railroad: URail & Company " From - To: UTown Yard to UCity, USA .
NV
' SCHED AVG.

TOS DIR TIME ROUTE MI/SCHED T = SPD GRADE ECF

BULK F ' / =
R / =

NORM F 21.75 503.7 / 21.75 = 23 M 19.5
R 16.25 - 503.7 / 16.25 .= 31 ' M : 21

EXPD F 13.17 '503.7 / 13.17 = 38 "M 22.5
R - 13.42 503.7 / 13.42 = 38 M 22.5

PASS ’ . F / =

’ R : ‘ / =

NORM R - 18.2 / = 10 1.8 44.5

HELP - ‘

FIGURE 4-17. WORKSHEET NO. 8 - ELECTRIC. ENERGY CONSUMPTION FACTOR




Railroad: URail & Company

From - To: UTown Yard to UCity, USA

NV
1 2 3 4 5 6 7
Traffic Enerqay Traction Lift Total
Density x Route Consumption x Eff., = Energy x Energy = Fnerqgy
TOS Dir: MGT/YR Miles Factor Factor MWH uWH MWH
" BULK Fwd x 1075 % 1,25 « x =
..6 N
Rev x 10  x _1.25 x X =
NORM Fwd 9.79x10 °x 503.7 19.5 x 10°° x '1.25 x 120,199 x -5630 = 114,569
Rev 7.93x10 °x 503.7 21 x 2008 x 1.25 x 104,851 x +4561 = 109,412
1 - -6 . :
ekBST 7.93x107%x _ 18.2 44.5 x 10 " x _1.25 x _ 8,028 x 0 = _ 8,028
-6 -6
EXPD Fwd 6.81x10 x _503.7 22,5 x 10 x _1.25 x 96,474 x _-3916 = 92,558
Rev 7.87x10 °x _503.7 22.5 x 10°° x 1,25 x 111,491 x _+4526 = 116,017
PASS Fwd x X 10-6 X 1.25 «x x =
Rev -Gx X 10-6 x 1.25 x x =
TOTAL
INSTRUCTIONS

1. Traffic Density (MGT/YR). Obtain from lift energy calculation, W.S. No. 7, by TOS

and direction.

2. Route Miles (Miles).

Obtain from LDF, Record 12, ot from W.S. No, 7.

3. Energy Consumption_ Factor.

4. Schedule Time (Hrs).

5. Average Speed (MPH).

Obtain from-LDF, Record 7; by TOS and direction.

Divide Route Miles by Schedule Time, by TOS and direction.

Obtain from Chart as follows.

FIGURE 4-18. WORKSHEET NO. 9 - ELECTRIC ENERGY CALCULATION .

N
]

65



INSTRUCTIONS (CONT'D)

6. Average Grade (%). Obtain from Worksheet No, 1.

7. Energy Consumption Factor (WH/TM). Calculate on Worksheet No. 8. Use energy
consumption calculator for each TOS, and direction:

a. Locate average speed on lower x-axis.

b. From the average speed, move upward until the applicable value of average
grade is reached, reading the curves from the calibration values at che
right. Use grade in % if available, otherwise use the middle value for the
grade class.

C. From the intersection of average speed and grade curves, move horizontally to
the left and read the Energy Consumption Factor. Enter in W.S. No. 8 and
Column 3. (Note: 10-6 factor converts watt-hours to megawatt-hours (MWH}.

8. Efficiency Factor. This factor accounts for conversion. losses, estimated to be
20 percent. ’

9. Fractin Energy (MWH). This value is the traction energy requiied.

10. Lift Energy (MWH). Obtain from Worksheet No. 7, Column 6, by TOS and direction.

11. Total Energy (MWH). This result is the total electric energy required, It is thé
traction. energy. adjusted for. energy added; or ;subtracted because-of ;the, difference > |i.
in elevation between origin and destination.

FIGURE 4-18. WORKSHEET NO. 9 - ELECTRIC ENERGY CALCULATION (CONT'D)
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FIGURE 4-19. ENERGY CONSUMPTION CALCULATOR
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Enter data into Records 36 and 37 of the LDF.

Diesel Fuel Saved _ . . .

The diesel fuel saved by use of electric traction energy is
calculated on Worksheet No. 10 as the BTU equivalent of

Number 2 diesel fuel to the megawétt hours of electric energy.
‘'The fuel conversion factor for the network study was 14 KWH
required at the metering pdint of an electric locomotive for
each gallon of diesel fuel consumed by a diesel locomotive.*

Enter into Records 38 and 39 of the LDF.

4.2.7 Completed Link Data Form for Sample Segment

The data prepared as described above in Section 4.2 are
entered on a Link Data File Form as an intermediate step in
-entering the inpdt data into the domputer. Two forms, as shown
in Figures 4-21 and 4-22 are necessary for the sample section ‘
because there is a helper locomotive. The procedure for
'completing.squ,fqgmgmigﬁdggpg;bgd“in Volume II.

EEE Y ¢ O T S

*Data supplied by Southern Railway that was used in their
electrification studies.




Railr

oad: URail & Company

From - To: UTown Yard to UCity, USA

NV
1 2 3
' Electric Fuel Diesel Fuel
TOS Dir: Energy X Conversion = Consumption
MWH Factor Mil Gallons
BULK Fwd x 7.14x 107> =
Rev X 7.14 x 107° =
NORM Fwd 114,569 x 7.14 x 107> = 8.180
Rev - 109,412 X 7.14 x 10> = - 7.812
Helpe ' C -
ReY 8,028 x 7.14 x 10°° = 0.573
EXPD Fwd 92,558 x 7.14 x 107> = 6.609
Rev 116,017 X 7.14 x 10> = 8.284
PASS Fwd x 7.14 x 107> =
, -5 -
Rev X 7.14 x 10 =
TOTAL - Mil Gal
INSTRUCTIONS
1. Electric Energy (MWH). Obtain from Worksheet No. 9, Column 7, by TOS and
direction.
2. Fuel Conversion Factor (Million Gallons/MWH). Conversion factor.
3. Diesel Fuel Consumption (Million Gallons). Result. is diesel fuel

equivalent to the electrical energy calculated on Worksheet No. 9.

FIGURE 4-20. WORKSHEET NO. 10 - DIESEL FUEL SAVED



Railroad Name: URAIL Seq. Number: L Link File: UR9997778

From-To: UTOWN YARD USA to UCITY USA Revision NR/Date: Orig. 9/22/82

DATA BY TYPE OF SERVICE OR NUMBER OF TRACKS*

BULK OR NORMAL OR EXPEDITED OR PASSENGER OR

DESCRIPTION ‘ REV 1 TRACK 2 TRACKS A 3 TRACKS 4 TRACKS
1. Li'nk ‘File Identification » ’ UR9997778 URAIL: UTO WN YARD USA TO UCITY
2, ’ ’ . UsA
3. Traffic Density, MGT/Yr (TOS) Fwd 0 9.79 6.81 0
4, ) Rev 0 7.93 7.87 0
5. Traffic Growth, % (TOS) o Fwa 0 1.23 1.93 0
6. ' Rev 0 -0.33 0.95 0
7. Schedule Time, Hrs (TOS) Fwd 0 21.75 13.75 0
8. v  Rev 0 16.25 13.42 ' -0
9, Diesel Turnaround Time, Hrs (TOS) ' 0 i.s 1.5 . 0
10.. Catenary Service Class, éass or Frt ‘ 2
11. Diesel Loco Life, ¥Yrs ] 18
12. Operating Route Mileg, Mi 503.7
13. 'Ruling Grade, % ‘ Fwa 1.0
114, _ Rev 1.3
‘ 15. fast Year of Traffic Growth
Projection, Yr 1990
16.. Sidings & Yards Track, Mi ~ 202.4
17. Main Line Track Wired, Tangent 365.49 87.84 0 o
| Route Miles (NOT)
18. » Med Crv ~ 40.61 9.76 0 0
19. ' Hvy Crv 0 A 0 0 0
20. Substations, Number (NOT). s 2 . 0 o

*Designation of a four-block record as having dependence on type of service or number of tracks is
indicated in this record description by (TOS) and (NOT) respectively. Other records are dependent on
neither.

FIGURE 4-2la. LINK DATA FORM, SHEET NO. 1



Railroad Name: URAIL Seq. Number: 1 Link File: UR9997778

From—To: UTOWN YARD USA to UCITY USA Revision NR/Ddte: Orig. 9/22/82

DATA BY TYPE OF SERVICE OR NUMBER OF TRACKS

DESCRIPTION BULK OR NORMAL OR EXPEDITED OR PASSENGER OR
REV 1 TRACK 2 TRACKS 3 TRACKS 4 TRACKS
21. Tunnel Reconstruction, Ft (NOT) 10500 0 0 0
22, Bridge Reconstruction Number (NOT) 59
23, Utility Connection, Mi 45
24, Train-Activated Grade Xng Signals, Number 29
25, .Diesel Locos: Rail HP Pur/Fract Sold 407000, 0.00
26. Electric Loco Pwr, Hp (TOS) Fwd 0 51143 37977 [
27. Rev 0 33141 43153 0
28. Electric Loco Dispatch Level, Fwd 0 1.53 2.64 0
Rail AP/GT (TOS)
29. Rev 0 1.62 ' 2.55 0
30. Electric lLoco Type, (TOS) . 0 3 3 0
31. Diesel Loco Pwr, HP (TOS) Fwd | 0 55198 41803 0
32. Rev o] 36142 47458 0
33. Diesel Loco Dispatch Level ) Fwd o 0 1.53 ) 2.64 ) 0
Rail HP/GT (T0S) . 1 - L . AU
1a. N P AR IR ;év} L R 'B‘ PEET 1.62 3.55 o
'35, Diésel Loco Type, (TOS) ° 1 oot el K S SR T 0
36. Electric Energy Used, Fwd 0 114569 92558 0
MWH/Yr (TOS)
37. Rev ] 109412 116017 0
38. Diesel Fuel Saved, Mil Gal Fwd Q9 8.180 6.609 [1]
(TOS)
39. Rev A \] 7.812 6.284 0

FIGURE 4-21b. LINK DATA FORM, SHEET NO. 2



Railroad Name: URAIL

From-To: UTOWN YARD USA to UCITY USA (lielper)

Seq. Number: 1 Link File: UR99977781

Revision NR/Date: Orig. 9/22/82

DATA BY TYPE OF SERVICE OR NUMBER OF TRACKS*

BULK OR NORMAL OR EXPEDITED OR PASSENGER OR
DESCRIPTION REV 1 TRACK 2 TRACKS 3 TRACKS 4 TRACKS

1. Link File UR99977781 URAIL: UTO ‘ WNiYARD usa TO UCITY

L 2. USA
3. Traffic Density, MGT/Yr (TOS) Fwd 0 9.79 6.81 0
4. 4 . Rev [+ I 7.93 7.87 g
5. Traffic Growth, % (TOS) Fwd 0 1.23 1.93 0
6. Rev o -0.33 0.95 0
7. Schedule Time, Hrs {TOS) Fwd 0 0 9 9
3. Rev d ' 1.82 0 0
9, Diesel Turnaround: Time, Hrs (?OS) 0 0 . i 0 | 0

10. Catenary Service Class, Pass or Fre 2

11. Diesel Loco Life, Yrs 18 -

12. Operating Route Miles, Mi 18,2 -

13. Ruling Grade( ] Fwd 1.0

14. Rev 1.8

15. tLast Year of Traffic GF??th,:tfn;4 o - T

16. sidings .&-Yards ‘Track, Mi . : a

17. Main pine Track Wired, Tangent

Route Miles (NOT)

18. Med Crv

19, Hvy Crv

20. Substations, Number (NOT)

*Designation of a four-block record as having dependence on type of service or number of tracks is
indicated in this record description by (TOS) and (NOT) respectively. Other records are dependent on
neither.

FIGURE 4-22a. LINK DATA FORM, SHEET NO. 1




Railroad Name: URAIL Seq. Number: 1

From-To: UTOWN YARD USA TO UCITY USA (Helper)

Link File: UR99977781

Revision NR/Date: Orig. 9/22/82

DATA BY TYPE OF SERVICE OR NUMBER OF TRACKS*

BULK OR WORMAL OR

EXPEDITED OR PASSENGER OR
REV 1 TRACK 2 TRACKS 3 TRACKS 4 TRACKS

2)1. Tunnel Reconstruction, Ft (NOT)
22, Bridge Reconstruction Number (NOT)
23. Utility Connection, Mi -
24. Train-Activated Grade Xng Signals, Number
25, Diesel Locos: Rail HP Pur/Fract Sold 407000 0.00
26. Electric Loco Pwr, HP (TOS)  Fud - 0
27. Rev 2661
28. Flectric Loco Dispatch Level, Fwd 0

Rail HP/GT (TOS)
29. Rev 1.62
30. Electric Loco Type, (TOS) 3
31. Diesel Loco Pwr, HP (TOS) Fwd 0
32. Rev 1750
33. Diesel Loco Dispatch Level, Fwd 0

Rail HP/GT, (TOS) '
34. Rev 1.02
35. Diesel Loco Type, (TOS) 4
36. Flectric Energy Used, Fwd Q

MWH/Yr (TOS)
37. Rev 8028
38. Diesel Fuel Saved, Fwd 0

Mil Gal (TOS)
39, Rev 0.573

FIGURE 4-22b. LINK DATA FORM, SHEET NO. 2




5. SUMMARY AND RECOMMENDATIONS

5.1 SUMMARY

An engineering model has been developed to simultaneously
evaluate the economics of electrification of multiple route
segments. The model is formulated to appl§ route-specific
values of critical design and operating variables in order to
obtain a comparison of the costs and benefits on each route.
Such a model is useful in establishing which routes of a

railroad should be electrified and in what sequence.

A procedure for readily obtaining the critical variables
was developed that is sufficiently accurate for "first cut"
comparison of the economics of individual route segments and
for computation of netwofk statistics. Data obtained from more
thorough feasibility studies can also be used to improve ‘the
input data to the model.

Basic characteristics of the model are:

1.  No tax or tax credits are considered; =

2. An annual inflation factor is specified to account for
general inflation; unit costs are specified for a-
currency base year; differential escalation of the

price of diesel fuel and electric energy are specified;

3. . Traffic density on a route segment is specified for a
traffic base year by direction, type of service, and
portion of the route segment traversed;

4. The predominant type of diesel and electric
locomotives to be operated over a route segment are

'specified along with their directional power



requirements; the model establishes fleet size and
accounts for differences in power requirements in the
two directions;

5. Diesel locomotives released by electrlflcatlon may be
sold or transferred;

6. Items in a railroad's cash flows which would differ

- for diesel and electric operation are used to
construct a differential cash flow over a specified
.study period; electrification is assumed to create no

new business nor improve service to existing customers;

7. Fixed plant investment follows a prescribed
design-const:uct-commissidn scenario; partial |

reinvestment in equipment is:required during the study

perlod- straight line depreciation is used to credlt

re51dual value at the end of the study period;

- 8. Equity rate of return is calculated in which initial
| investment is financed from railroad equity; as an
option, a. leveraged. rate. Of return is calculated in
.. which loans from a rallroad electrlflcatlon external
‘. fund and from. thes electrlc utlllty 1ndustry finance

part of the initial investment.

The model has been used to analyze a hypothetical U.S.
network that comnsists of 96 route segments totalling
nearly 29,000 miles. Three of the major findings summarized in
Section 2.1 are restated here:

1. For the base case analyzed, the rate of return for the
network is 19 percent, a substantial increase over the

previously reported results;



2. Variation in the rate of return between route segments
can be large, depending on the combination of
significant factors that exist; A

3. A‘humber of factors influence the rate of return,
' notably the traffic density, gradient, type of
locomotives, and locomotive dispatch policy.

The best surrogate for identifyihg route segments with a
high rate of return is the annual fuel consumption per
" route-mile on the route. However, there is still sufficient
dependence on variables uncorrelated with fuel consumption
(e.g., bridge clearance costs and signai and communication
compatability) to require computation of the rate of return.

5.2 RECOMMENDATIONS

Sufficient study of the network was complé;ed to conclude
that the economic advantage of electrification over- diesel
operation is real and that, for many routes, it is
substantial. One aspect that requires further study i§ the
electric locomotive characteristics best suited to U.S.
railroad operations. Some concensus early in a conversion
programAis expected to have a sigdificant effect on the
production and maintenance costs.

The next iogical step would be-for the individual railroads
to initiaté feasibility studies of routes that show a favorable
rate of return. It may be desirable to make additional
evaluations using the Railroad Electrification Aséessment Model
prior to initiating feasibility studies in order to better
scope that work and to define the input data used in comparing
individual route segments. One particular aspect that:should
be examined is the impact Of the timing of conversion on the

cash flow of the railroad.



Not all aspects of the model were fully utilized in

analyzing the network. Addition of these refinements would not

be expected to significantly change the national aspects of ‘

electrification. However, in order to make route comparisons

on any railroad more precise, it is recommended that the input

data preparation described in Section 4 be improved as follows:

1.

Obtain a count of bridges and tunnels'that do not have
adequate clearance for the catenary and refine thé ‘
cost algorithm to discriminate between clearance costs
of 25KV and 50KV cétenary; ’

_ Establish a more detailed estimate of the cost of

diesel locomotive maintenance either by type of
locomotive or by railroad to reflect the large
variation observed in R-1 expense accounts;

Establish a more detailed estimate of the cost of

electric locomotives consistent with the types and

production levels at the time each route segment is
electrified. ' ' ‘

 Model improvements cease when the user is satisfied with

~ the accuracy of the results being produced. 'Three particular

refinements are suggested which would improve the sensitivity

of the model to route-specific variations.

» l L]

The procedure for establishing the cost of achieving .
signal and communication system compatibility should

be modified to account for route-specific input (e.g.,
number of track circoits, number of active grade ’

crossings and type of communication system);

The procedure for establishing catenary voltage level

should be decoupled from the Bureau of Census regions



and made a function of the civil reconstruction

intensity of each route;

The cash flow should be established on a monthly basis
to~improve the accuracy of the discounted cash flows

for high rate-of-returns.
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APPENDIX B
RECOMMENDATIONS OF THE PLANNING AND TECHNICAL
AND OPERATIONS COMMITTEES INTEGRATED INTO THE
MODEL/SUMMARY OF THE FINANCE AND ADMINISTRATION
B COMMITTEE RECOMMENDATIONS

PLANNING/TECHNICAL AND OPERATIONS COMMITTEE RECOMMENDATIONS

During the period from December 1980 through September 1981
the planning committee was convened five times and the
technical and operations committee three times to review model
development and make recommendations regarding factors to be

included. The following is a list of committee recommendations:
1. Make provision for route-specific traffic growth rates
based on FRA projections that apply for the first ten

years of the study period;

2. Use waybill data to estimate flow of traffic by commodity
and direction over the network in the base year;

3. Om1t the portlon of trafflc wh1ch would be hauled by

'dlesels 1n electrlfled terrltory,

VAR i

4, Make provision for specifying multiple operating
sectors on each route segment;

5. Set electric locomotive maintenance at 60-65 percent
of that of diesel locomotives.

FINANCE AND ADMINISTRATION COMMITTEE RECOMMENDATIONS

While electrification might significantly reduce the costs
of freight service for American railroads and therefore be
economically attracbive; we acknowledge that the eignificant
expenditures associated with the initial construction of

B-1



electrified track structure may be beyond the capital raising
capability of many railroads.

We are interested in exploring various alternatives and
forms of financing/ownership agreements to encourage railroads

to electrify in the interests of energy conservation.

Financing Considerations

1. The railroads are not receptive to any .
financing/ownership alternatives which require the
reflection 6f significant debt related to.

electrification on their balance sheet;

2. A funding corporation is considered for providing a
large part of the necessary capital for the initial~
construction of an electrified track network and to
assume the “riSk of ownership" associated with the
electrification system; A

3. The funding corporation would anticipate capital.
recovery plus~reasonable interest,. through a  rental: .
r«br=o£ber)~chamgewbasad;QnoKWHaofﬁelectricimyﬁused,by
the railroads; . - '

4, Tax incentives (ITS/accelerated depreciation, etc.)
are considered to encourage participation by the

railroads.

Financing Objectives

Structure a financing'vehicle to accomplish the following

(prioritized by significance):

- B-2



1. Avoid reflecting any related debt (or capitalized
lease obligations) on the balance sheet of-

participating railroads;

2. Structure the transaction to provide maximum tax
advantages to the railroads as an incentive for

participation;

3. Possibly provide for the transfer of ownership of the
electrification system to the railroads after the

funding corporation has recovered its investment and a

reasonable return.

NOTE: - The financing alternatives presented have not
addressed the financing of locomotives or any.
changes in the existing signal and communications
systems of railroads to be electrified which may
require significant financing. Also not
addressed are any political or legal implications
of various alternatives. These issues are
significant and must be addressed at an
appropriate point in the evaluation of
alternatives.

Preliminary Suggestions =
T e L e e e
Bééed on a pfeliminaxy’review of alternative finahcing

opportunltles, it appears that options three or four, in

Table B-1 warrant the most consideration and further evaluatlon.

Option Four anticipates the formation of a new private
corporation, the stock of which would be issued to railroads
participating in the electrification program for a nominal
amount (one dollar). This cbrporatibn would construct (cause
to have constructed) the desired electrification network and
would utilize government guaranteed loan financing for
100 percent of thé_constfuction project plué any necessary

operating funds.



TABLE B-~1. FINANCING OPTIONS

OBJECTIVES
TAX BENEFITS
REQUIRES PROVIDE
DEBT ACCEL. TRANSFER
OPTIONS PRESENTATION ITC DEPR. OWNERSHIP - COMMENTS

1. Federal loan guarantees to indivi- Y b4 b 4 Y -
dual RR for construction.

2. Ownership by FRA with rental . ITC cannot be claimed
charges to RR under: on property owned (or

- Financing lease Y N Y Y used) by the Federal
- Operating lease N : N N N Government.
3. Formation of "joint venture" with Must be structured-to
nominal RR investment: A ’ avoid constraints on
- Partnership structure with FRA as N Y Y Rateable*® government-owned prop~-
general partner 100 percent B . erty re: ITC
financing/loan guarantee and RR .
as limited pattner.

4, Ownership through separate corporate ° N ¥ - N Rateable* Must be structured to
entity 100 percent owned by participating avoid classificaticn
railroads (nominal capital investment) ) . as a public utility to
with 100 percent loan guarantee by FRA . . avoid limitations on
for financing construction. Subseguent ITC pass-through.
operating lease to individual railroads.

. *Assumes ownership structured to meét requirements of equity accounting.

The corporation would subsequently enter into operating.
leaseaagreements~witn<ihdivi&ualxna@broads‘withwa:rentabicharge
baséd‘én»KWHzﬂwThe operating:lease would-allow therit: ~.¢ v
"pass-through" of ITC to the lessee and require that the lessee
pay all costs related to maintaining and operating the electric
network. o -

Operating rents received by the corporation would be used
to meet interest and debt retirement obligations of the
corporation. Aésuming that opefating rents received provide
for repayment of all financing and operating costs of the
corporation over a fixed period (say 20 years) which is shorter

than the life of the system (say 40 years) the assets would be
unencumbered upon retirement of the debt.



At the point in time that all property is free of debt,
pieces of the network could possibly be transferred to the
individual railroads for their equity investment.

Option Three could be structured similar to Option Four and
accomplish similar objectives. Care and further analysis is
required in determining the appropriate form of ownership.
Option Three must be structured in a manner to avoid the
exclusion of ITC on government owned property (IRC Reg.
1.48~i(j)). Option Four would appear to avoid this concern but
raises an additional issue regarding possible classification as
"public Utility Property" which is subject to constraints on

the flow-through of ITC.

All the preceding comments are based on a very preliminary
and superficial analysis and are provided only in an effort to

identify areas for possible direction for further analysis.



o APPENDIX C

LIST OF ROUTE SEGMENTS COMPRISING
"THE HYPOTHETICAL NETWORK/CORRESPONDING FRA TRAFFIC

FLOW LINKS
ToL TRAFFIC :

LINK : - " FLOW ‘CORRELATION
CODE . RAILROAD ROUTE SEGMENT (LINK) ' LINK (S) FACTOR

BESSEMER & LAKE ERIE ' _ v
BLO18 Bessemer, PA to Conneaut, OH ‘ * S *

BURLINGTON NORTHERN ~
BN010O Chicago, IL to Minneapolis, MN 243, 54 3
BN208 Minneapolis, MN to Mandan/Gavin Yard ND 166, 168, 169 2
BN232 : Northport, NE to Denver, CO 231, 230 1
BN442 - ) Alliance, NE to Reno, WY (via : . - 178 4

Northport)

BN533 Mandan, NE to Forsyth, MT 176 1
BN558 Alliance, NE to Reno, WY (via 178 1
Donkey Creek) ' o
BN572 Havre, MT to Yardley, WA ' © 189 1
BN641 Gavin Yard, Ntho Havre, MT 189 1
BN672 Lincoln, NE to- Adrora, IL : 171, 162, 160, 69, 56 2
BN674 Lincoln, NE to-.Kansas City, KS - 270, 165 2
BN677 . Lincoln, NE to Alliance, NE 178 1
BN701 Yardley, WA to Seattle, WA 199 1
BN714 Seattle, WA to Portland, OR 200 2

*Unique characteristics of the link resulted in a manual estimate of traffic growth being made.



TRAFFIC B :
FLOW CORRELATION

LINK .

CODE : RAILROAD ROUTE SEGMENT (LINK) LINK(S) FACTOR
CHESSIE SYSTEM . ‘

BX034 Connellsville, PA to Willard, OH 19, 20, 24 3

BX051 Baltimore/Washington, DC to 264, 218, 215 1

Connellsville, PA o
BX128 : Clifton Forge, VA to Newport News, VA 224, 225 2
- BX188 Russell, KY to Clifton Forge, VA - 28, 256 1

BX195 Big Sandy Junction, KY to Elkhorn 251, 262 5
4 Ccity, KY 4 .

BX218 Toledo, OH to Russell, KY : : 39, 36 2

BX250 Cumberland, MD to Grafton, WV 216 1

BX264 Willard, OH to Chicago, IL _ 268 3
CHICAGO & NORTHWESTERN

CHO18 ~ Chicago, IL to Council Bluffs, IA 56, 69, 160, 162 2
CONRAIL

P0O018 ~ Buffalo, NY to Toledo, OH : 14, 24 2

PO0O50 Selkirk, NY to Oak Island, NJ 4 1

PO115 ’ Conway, PA to Crestline, OH 267 1

P0O137 : Harrisburg, PA to Conway, PA : ' 21 1

P0O248 Berea, OH to Indianapolis, IN A 25, 40, 46 1

P0O382 Toledo, OH to Chicago, IL 268 . 2

P0439 Indianapolis, IN to East St. Louis . 61, 76 1

P0927 Selkirk, NY to Buffalo, NY 2, 7, 11 1

) DULUTH MASSABE IRON RANGE
DMD 20 : Duluth, MN to Mountain Iron, MN * *

' tue characteristics of the link résulte‘ a manual estimate of traffic growth b‘made.



LINK

- CODE

FA0O01
FA008
FAO13
FA059
FAQ72
FAO076
FA080
FA152
FA214
FA215
FA232
FA392

ICO010
"IC165

MKO065 -

MP036

“MP245

NWO1ll
. NW048
NWO062
NW155
NW269
NW343
NW393

ILLINOIS CENTRAIL GULF'

RAILROAD ROUTE SEGMENT (LINK)

FAMILY LINES

Cincinnati, OH :to Corbin, KY
Richmond, VA to:Florence, SC
Erwin, NC to Spartanburg, SC
Winchester, KY .to Deane, KY
Atlanta, GA to Waycross, GA

- Elkhorn City, KY to Erwin, NC

Corbin, KY to Atlanta, GA
Florence, SC to*Waycross, GA
Nashville, TN to{‘Birmingham, AL
Nashville, TN to' Junta, GA
Evansville, IN o Nashville, TN
Waycross, GA to-Tampa, FL

o

Chicago, IL to Memphis, TN
Memphis, TN to New Orleans, LA

MISSOURI, KANSAS AND TEXAS {KATY)

Fort Worth, TX to Houston, TX

MISSOURI PACIFIC

Salem, IL and Memphis, TN to North
Little Rock, AR

North Little Rock, AR to Longview, TX

NORFOLK & WESTERN

Cleveland, OH to Ft. Wayne, IN
Ft. Wayne, IN to Chicago, IL
Ft. Wayne, IN to Decatur, IL
Portsmouth, OH to Iaeger, WV
Taeger, WV to Roanoke, VA :
Sandusky, OH to Portsmouth, OH
Norfolk, VA to Roanoke, VA '

73,

TRAFFIC
 FLOW
LINK (S)

47
219, 86
212
47
102, 108
262
51, 266, 47
97, 98, 105
116, 118
82, 99
271
112, 113

261, 246
124, 127

147, 148

238, 239,
133, 142

25, 267
: 42
43, 58, 60
251 ‘
233
39, 66
224, 225

125

CORRELATION
FACTOR

-1 (82)

2(112)

=

N Wk DWW

2 (99)

1(113)



LINK
CODE

RF001

SF036
SF058
SF110
SF130
SF131
SF224

50001
50038
50065
50128
50256
50266
50279
50323
50325

50358

SANTA FE ™ g

RAILROAD ROUTE SEGMENT (LINK)

RICHMOND, FREDERICKSBURG & POTOMAC

Alexandria, VA to Richmond, VA

Cleburne, TX to Galveston, TX
Clovis, NM to’ Barstow, CA
Barstow, CA to T.os. Angeles, CA
Chicago, IL to Kansas City, MO
Kansas City, MO to Clovis, NM
Augusta, KS to Cleburne, TX

SOUTHERN

Alexandria, VA to Sallsbury, NC

Harriman Jct, _TN to Knoxville, TN

Salisbury, Ncﬁtp Atlanta, GA
Danville, KY EQ,Louisville, KY
Sheffield, AL-to Burmingham, AL
Knoxville, ‘TN :t6 Asheville, NC
Cincinnati, OH to Atlanta, GA

~Atlanta, GA to Blrmlngham,‘AL

Atlanta, ‘-GA to Macon, GA
Blrmlngham, AL to New Orleans, LA

154,

TRAFFIC
FLOW

LINK(S)

220

149

210

210
56, 170
172, 165, 183
140, 173

221, 222
*

84, 91, 260

47, 51, 266

103
102
252

CORRELATION
FACTOR

NN NN DN

HFHENMNNENDDODND N

‘nique characteristics of the link resu!‘in a manual estimate of traffic growth.ng made.



LINK
CODE

SP007

SP028-

SP033
SP037
Sp148
SP178
S5P261
Sp282
sp298
SP304
SP307
Sp318

UP001
UP009
UP031
UP074

UP102

UP174
UP180
UP190
UP202
UP205
UP256

‘Klamath Falls;

RAILROAD ROUTE SEGMENT (LINK)

SOUTHERN PACIFIC -

Pine Bluff, AR to Dexter Jct, MO
Pine Bluff, AR to Corsicanna, TX
El Paso, TX to :Los Angeles, CA
Roseville, CA:to:.West Colton, CA
Sparks, NV to Roseville, CA
Corsicanna, TX -to Flatonia, TX
Ogden, UT to Sparks, NV

New Orleans, LA to Houston, TX
Houston, TX to iSan Antonio, TX
San Antonio, TX to El Paso, TX
Portland, OR to Klamath Falls, OR
OR to Roseville, CA

I\

UNION PACIFIC

Kansas City, MO’to Gibbon, NE
North Platte,: NEﬁto Rawlins, WY
Pocatello, ID: tpuGranger, WY
Pocatello, ID: to-Nampa, ID
Rawlins, WY to Ogden, uT

Hinkle, OR to Rortland OR

Nampa, ID to Hrnkle, OR

Las Vegas, NV:to E. San Pedro, CA

Salt Lake City, UT to Las Vegas, NV
. Salt Lake Clty, -UT to Ogden, UT
Council Bluffs, IA to North Platte,

Explanation of Correlation Factors Used:

1

2 lx

TRAFFIC
FLOW
LINK (S)

238, 239
133
259, 197, 198
207, 209
205
234, 145
. 205
146, 135, 130
234
186
203
204

le4, 270
233, 232
191
202
232
202
202
194
193
232
171, 233

¢

CORRELATION
FACTOR

NN NND&ENDNDE NN

HFERPRFE R WO

One or more links along a corrldor which at least closely coincides with the traffic
flow links and over wh1ch .the line studied for electrification is either the sole
,occupant or is unquestlonably the dominant carrier.

"One or more links along a corrldor that is shared by two or more carriers, neither of
which clearly dominates.



One or more
route being

One or more
route being

One or more
route being

links along
studied for

links along
studied, is

links along
studied for

estimate the flows over

a single corridor which does not closely coincide with the
electrification, but is a reasonable approximation.

a single corridor which, while fairly far-removed from the
still the closest approximation available.

two. or more corridors, none of which exactly describe the
electrification, so were averaged in an attempt to better
the route in question.



APPENDIX D
DEVELOPMENT OF THE NETWORK CONSTRUCTION SCHEDULE

A theoretical timescale for electrification of successive
links was compiled, baséd on the use of a number of teams for
construction. The first phase provided for moderate size
projects with "learning curve" allowances for design and

construction activity periods.

The second phase provided for large sizé projects under-
taken by continuing dépldyment of same design - construct
teams, again providing Some ?learning‘curve" allowance during
expansion of the total team size and capability. Subsequént
phases were in effect direct redeployment of design -~ construct
teams on successive projects on an average cycle of two years.

The coordinated team approach included the following

procedural assumptions:

1. The sponsoring railroad would have an in-house
technlcal group terstabllsh and prov1de essentlal

englneerlng lnput including track plans and
lines-to-be- electrlfled dlagrams-

2. The bqsis of catenary and substation designs would be
standard specifications and standard drawings provided
in advance and giving at least three variations of
major factors or components in order to be responsive
to local requirements or cirumstances;

3. Scheduling of engineering input and design team output
would be such as to permit a construction start six to
nine months prior to design completion on a major

route segment;



4. A total team would be essentially made up of three
elements thus: '

a. Design Team; , » .

b. Foundations/Poles Team;
C. Wiring/Tests Team.

The commissioning program assumed that a méjor route
segment could have electric operation commissioned oVer
one-half of the segment 6 to 12 months prior to completion of
the project.

The utilization of contractor or in-house design-construct
teams working on some positive incentive basis is a feasible
means of aocomplishing the construction rates ootlined. This
program contains no allowance for periods of team inactivity or.
dnder-utilization, nor does it allow for possible geographic or
climatic discontinuity effects or less efficient working on
. small or complex project areas. | ‘

It does howeéver establish the feasibility of a nation-wide
program of railroad.electrification-on a cost-effective
coordinated team basis.




‘ APPENDIX E ‘
CALCULATION OF DIESEL LOCOMOTIVE MAINTENANCE COSTS FOR
' CLASS I RAILROADS FROM ICC DATA

Accurate diesel road locomotive maintenance costs are
necessary for the comparison of electric and diesel operation,
since maintenance costs comprise one of the major yearly
operating expenses. While electric locomotive maintenance
costs must presently be estimated because 6f the limited use of
electric traction, diesel locomotive maintenance costs can be
established from actual expense accounts. This appendix sets
. forth the procedure used to calculate these costs using data
contained in the R-1 reports submitted annually by each Class I
railroad to the Interstate Commerce Commission. ‘

Table E-1 contains the 1977 costs for each of the Class I
railroads obtained using this procedure. The costs range
from $0.40 to $1.99 per unit-mile for the large railroads and

' are even higher for the B&LE and the DMIR. After a search for
correlation of this wide cost variation with factors such as
locomotive type,.usage and malntenance phllosophy provedA

Hela -

:astmadé o(usé an.average cost fqr'\“

unfruitful, the dec1§10n

1all railroads’ - R

The details of the procedure are given in the following
paragraphs. Expense data from an ICC summary report* is used
to illustrate how the average cost of $1.33 per unit-mile was

obtained.

'*Ninety-first Annual Report - Transport Statistics in the United
States December 31, 1977 by the Interstate Commerce Commission,
Bureau of Accounts. : :



TABLE E-1. MAINTENANCE, INSPECTION AND
SERVICING COST FOR DIESEL
ROAD IOCOMOTIVE BASED ON
1977 ICC RECORDS

RAILROAD $/UNIT-MILE
ATSF . 1.20
B&LE 2.48
B&N 1.78
Chessie 1.64
C&NW ’ 1.79
Conrail 1.99
DMIR . 3.24
ICG N.C.
L&N ' N.C.
Mo. Pac. 1.25
N&W : 1.42
SCL T ' 1.50
Southern - 0.40
So. Pac. ' 1.89
up 1.14

~ Table E-2 lists the relevant items of the cost of diesel
locomotive maintenance under three headings,‘maintenance of
equipment, transportatlon rall malntenance and malntenance of
structures and way.: Column l of. the above table q1ves the ICC
account numbers. The" deflnltlons,of itéms ‘included in £he ICC

account. numbers are given in Table E-3.

The major portion of the locomotive maintenance cost is
included in account 311 (diesel locomotive repairs) and 400
(servicing train locomotives). These accounts are considered
to be wholly chargeable to locomotive maintenance. Note that
.account 400 includes the cost of lubricants. Only a certain
portion of the other cost items given in Column 3 is attributed
to the locomotive maintenance cost. Column 4 of Table E-2
gives the portion as a factor called "the diesel related cost

,factor.



TABLE E-2, CALCULATION OF DIESEL LOCOMOTIVE MAINTENANCE COST FROM ICC DATA

(1977) FOR CLASS I RAILROADS

1 2 3 4 5
DIESEL DIESEL
ICC RELATED RELATED
ACCOUNT COSsT COST COST
NUMBER ITEM THOUS. $/Y FACTOR THOUS. $/Y
Maintenance of Equipment
301 Superintendence 164,846 .41 67,587
302 Shop Machinery 57,906 .41 23,741
304 Power Plant Machinery 7,645 .41 3,134
305 Shop & Power Plant Deprec. 10,676 0 0
306 Dismantling Shop & PP Mach. 210 .41 86
311 Diesel Loc. Repair (excl. yard) 979,005 1.00 979,005
314 Freight-train—cars-Repairs 1,191,680 0 0
317 Pass-train-card-Repairs 205,965 0 0
318 Hwy. Revenue Equip.-Repairs "31,485 0 0
323 Floating Equip.-Repairs 2,334 .41 957
326 Work Equip.-Repairs 40,821 .41 16,737
328 Misc. Equip.-Repairs 46,723 .41 19,156
329 Dismantling Retired Equip. 5,687 «41 2,332
330 Retiremeénts -~ Equip:’ ) -5,261 0 0
331 Bquip. Deprec. ... . . . ... . . 74L,813 . 0 0
332 Injuries to Persons 52,239 .41 21,418
333 Insurance 16,053 .41 6,582
334 S;ationery & Printing 4,466 .41 1,831
335 Employees' Health & Welfare Ben. 101,960 .41 41,803
339 Other Expenses 23,160 .41 9,496
336 Jt. Maint. of Equip. Dr. 19,458 .41 7,978
337 Jt. Maint. of Equip. Cr. 7,739 .41 3,173
TOTAL M.O.E. (frt. only) 3,475,421 1,195,016




TABLE E-2. CALCULATION OF DIESEL LOCOMOTIVE MAINTENANCE COST FROM ICC DATA
(1977) FOR CLASS I RAILROADS (CONT'D)

1 ‘ 2 3 4 _ 5 ‘lll’

o . : DIESEL DIESEL
ICC . _ RELATED RELATED
ACCOUNT COSsT COST ' COsT
NUMBER ITEM o THOUS. $/Y FACTOR THOUS. $/Y
Transportation — Rail Line
371 Superintendence 355,173 .08 28,414
394 Train Fuel - 1,348,834 .01 13,488 -
400 Servicing Train Locos. 184,902 1.00 184,907 .
409 Empldyees Health & Welfare 252,862 .08 20,229
410 Stationery & Printing 33,251 .08 2,660
411 Other ‘ | ‘ . . 35,526 - .08 2,842
a14 Insurance 48,504 " .08 3,880
420 Injuries to Persons 214,880 .08 17,190
‘"TOTAL TRANS - RAIL LINE » 7,523,258 : 273,610
(frt. only)




TABLE E-2. CALCULATION OF DIESEL LOCOMOTIVE MAINTENANCE COST FROM ICC DATA
(1977) FOR CLASS I RAILROADS (CONT'D)

1 ) 2 v 3 4 5
DIESEL DIESEL
ICC , RELATED RELATED
ACCOUNT . CcosT COST cosT
NUMBER ' ITEM THOUS. $/Y FACTOR THOUS. $/Y

Maint. of Structures & Ways : o _
231 Water Stations 2,423 .41 993

233 Fuel Stations 4,109. .41 1,685
235 "~ Shops & Engine Houses 47,865 .41 - 19,625
TOTAL M.0.W. ' 54,397 22,303
General Expense (Frt. Only) - (981,676)}.06)(.41)'= 24,149
Grand Total Oper. Exp. (Sched. 320) 1,515,073

Notes: ‘

Diesel related cost factor Number 1:

No. 311 - 979,005 - 0.41
No. 311 + No. 314 + No. 317 979,005 + 1,191,680 + 205,965 °

Diesel related cost factor Number 2:

L I S

i No, 400 -:. hox W

No, 400 + No. 392 ¥ No. 401 + No. 404 00
Diesel related cost factor Number 3:
Gen. Oper. Exp. _ 981,676 < 0.06

Grand Total Oper. Exp. 15,693,506



TABLE E-3, DEFINITION OF MAINTENANCE COST ACCOUNT NUMBERS IN ICC REPORT

ICC
ACCOUNT
NUMBER

DEFINITION

231

-233

235

301

302

304

305

306

311

Water Stations - Includes the cost of repairing water stations,
fixtures, and appurtenances used by the carrier in its operation.

Fuel Stations - Includes the cost of repairing fuel stations,
fixtures, and appurtenances used by the carrier in its operation.

Shops and Engine Houses - Includes the costs of repairing shop and
engine house buildings, fixtures, and appurtenances and the cost
of grounds' maintenance.

‘Superintendence - Includes officefs' pay directly in charge of, or

engaged in, the maintenance of equipment; the pay of clerks and
other employees in the offices and on business; cars of officers
whose pay is chargeable to this account and the office; other
expenses of officers and employees whose pay is chargeable to this
account.,

Shop Machinery - Includes the cost of repairing machinery and:
other apparatus including special foundations in power plants and
substation for generating and transforming power used for the
operation of trains and cars or to furnish power, heat, and light

for general purposes.

Power Plant Machinery

Shop and Power Plant Machinery Depreciation = Includes.the amount
of depreciation charges applicable to the accounting period for
all classes of property includible as shop or power plant

machinery.

Dismantling Retired Shop and Power Plant Maéhinery ~ Includes the
cost of dismantling retired shop and power plant machinery and
recovering the salvage therefrom.

Repairs to Yard and Other Steam Locomotives - Data for previous
years included the cost of repairing transportation service
locomotives and tenders, including appurtenances.

Locomotives: Repairs - Includes the cost of repairing
transportation service locomotives and tenders, including
appurtenances (Diesel Locomotive Yard). -

Locomotives: Repairs - The same as above, except refers to Diesel
Locomotives = Other Than Yard.




TABLE E-3. DEFINITION OF MAINTENANCE COST ACCOUNT NUMBERS IN ICC REPORT (CONT'D)

© ICC
ACCOUNT
NUMBER

DEFINITION

314
317

323
326
-328

329

330

331

Locomotives: Repairs - The same as above, except refers to Other
Than Diesel Locomotives-Yard.

Locomotives: Repairs - The same as above, except refers to Other
Than Diesel Locomotives-Other Than Yard.

Freight-Train Cars: Repairs - Includes the cost of repairing
freight-train cars and appurtenances and the cost of repairing
motor equipment affixed to freight-train cars engaged in
transportation service; etc.

Passenger-Train Cars: Repairs - Includes the cost of repairing
passenger-train cars and appurtenances and the cost of repairing
motor equipment affixed to passenger-train cars used in
transportation service. ‘

Floating Eguipment: Repairs - Includes the cost of repairing
floating equipment (other than work equipment), including
appurtenances and the cost of small hand tools used in repairs.

Work Equipment: Repairs - Includes the cost of repairing rail and
floating work equipment, including appurtenances, and cost of
small hand tools used in repairs.

‘Miscellaneous ‘Equipment:‘ Repairs — Includes ‘the cost of repairing
: miscellaneogus ‘equipment: and: appurtenances;-:aliso..the..cost :0f: small

hand tools, materials, lubricants, and supplies used in repairs.

Dismantling Retired Egquipment - Includes the cost of tearing down
retired equipment and recovering the salvage therefrom.

Retirements-Equipment - When equipment previously subject to
amortization accounting pursuant.to rules in effect during the
period 1941-1951 is retired, the difference between (1) the
service value (ledger value less value of salvage and insurance
recovered) thereof, and (2) the balance of amounts of accumulated
past provisions for amortization of road and equipment defense
projects after appropriate adjustment for any depreciation accrued
thereon, is included in this account.

Equipment Depreciation - Includes the amount of depreciation
charges applicable to the accounting period for all classes of
equipment.




TABLE E-3.

DEFINITION OF MAINTENANCE COST ACCOUNT NUMBERS IN ICC REPORT (CONT'D

)

ICC
ACCOUNT
NUMBER

DEFINITION

®

332

333

334

335

339

336

337

371

Injuries to Persons - Includes expenses on account of injuries to
persons which occur directly in connection with repairs of
equipment.

~ Insurance - Includes premiums for insuring the carrier against
loss through.injuries to persons, damage, destruction or loss of
property, whether caused by fire, accident, or other cause, when
such loss to the carrier would be chargeable to maintenance of
equipment. :

Stationery and Printing - Includes the cost of stationery and
printing used in connection with maintenance of equipment.

Employees Health and Welfare Benefits - Includes premiums on group
and other insurance policies covering annuities and other benefits
for employees engaged in maintenance of equipment.

OtherfExpenses = Includes expenses in connection with the
maintenance of equipment not properly chargeable to other accounts
for maintenance of equipment.

Joint Maintenance of Equipment Expenses-Dr. - Includes the
carriers' proportion .of expenses incurred by others in maintaining
equipment used in the operatlon of ]01nt fac1llt1es, including the

' ‘carriers propértfbn ‘6f the' expeﬁsas repairing ‘such equlpment

..damaged by accidents.

Joint Maintenance of Equipment Expenses-Cr. - Includes the amount
chargeable to others as their proportion of expenses incurred by .
the carrier in maintaining equipment and in the operation of joint
facilities, and for expenses of repairing equipment damaged by
accidents. '

Superintendence - Includes the pay of officers directly in charge
of, or engaged in, conducting transportation; the pay of clerks
and attendants employed in the offices and on business; cars of
officials whose pay is chargeable to transportation; and office
and other expenses of officers and other employees whose pay is
chargeable to transportation.




TABLE E-3. DEFINITION OF MAINTENANCE COST ACCOUNT NUMBERS IN ICC REPORT (CONT'D)

pilee
1 ACCOUNT .
NUMBER _ . : DEFINITION

372 Dispatching Trains - Includes the pay of chief and other train
dispatchers, their clerks, copying operators, and attendants, and
pay of operators on the line whose duties are confined to
directing train movements; also the office, traveling, and other
expenses of such employees.

373 Station Employees - Includes the pay of agents, clerks, and
attendants in charge of or engaged in the operation of stations,
stockyards, wharves, and piers located in the carriers' line.

374 Weighing Inspection and Demurrage Bureaus - Includes the cost to
the carrier of its participation in joing weighing inspection,
demurrage, and car distribution bureaus and associations.

375 . Coal and Ore Wharves - Includes the cost of operating docks,
wharves, piers, and other marine, lake or river landings, and the oy
machinery located thereon, used in connection with the .
transportation of coal and ore. v &

376 Station Supplies and Expenses - Includes heating, lighting, and
other miscellaneous station supplles and expenses.

377 ' Yardmasters and Yard Clerks =~ Includes the pay of yardmasters, “
yard clerks, and attendants in yards where regular switching =
service is maintained and in terminal switching and transfer 3
service,

378 Yard Conductors and Brakemen - Includes the pay of yard conductors
and brakemen handling cars in passenger and freight yards where
regqular switching service is maintained, and in terminal switching
and transfer service.

379 Yard Switch and Signal Tenders — Includes the pay of employees in
yards where regular switching service is maintained, who are _
engaged in the operation of yard sw1tches and signals (including
1nterlockers)

380 Yard Enginemen - Includes the pay of yard enginemen while engaged
in yards where regular switching service is maintained and
terminal switching and transfer service, including pay of such
employees while deadheading in connection with yard service.




TABLE E-3.

DEFINITION OF MAINTENANCE COST ACCOUNT NUMBERS IN ICC REPORT (CONT'D)

ICC
ACCOUNT
NUMBER

DEFINITION

382

383

383

314

389

392

394

Yard Switching Fuel - Includes the cost, delivered on locomotives
or motor cars, of coal;, coke, oil, wood, and other fuels consumed
in switching service in yards where regular switching service is
maintained, and in terminal switching of transfer service,
including a suitable proportion of the pay of fuel agents, fuel
inspectors, fuel weighers, and clerks engaged in accounting for
fuel at fuel stations. ;

Yard Switching Power Produced - Includes the cost of the
production and distribution of electric power used in operating
locomotives and cars in switching service in yards where regqular
switching service is maintained and in terminal switching and
transfer service.

Yard Switching Power Purchased - Includes the cost of electric
power purchased for the propulsion of engines and cars in
switching service in yards where regular switching service is
maintained, and in terminal switching and transfer service.

Charges for Work Done by Others
Water for Yard Locomotives
‘Lubricants for Yard Locomotives
Other Supplies for YAEd Locomotives
Enginehouse Expénseszard

Yard Supplies and Expenses - Includes the cost of supplies (except
locomotive supplies) used in yard service, yard signal, and
interlocker supplies; and miscellaneous yard expenses for yards
where reqular switching service is maintained.

Train Enginemen - Includes the pay of enginemen while engaged in
transportation train service or while dead heading in connection
. therewith and pav of such enginemen engaged in piloting trains
over home lines. '

Train Fuel - Includes the cost, delivered on locomotives or motor
cars, of coal, coke, oil, wood, and other fuel for propulsion of
trains in transportation train service, including a suitable

- proportion for the pay of fuel agents.




TABLE E-3. DEFINITION OF MAINTENANCE COST ACCQUNT NUMBERS IN ICC REPORT (CONT'D)

ICC

ACCOUNT
NUMBER DEFINITION

395 Train Power Produced - Includes the cost of producing and
distributing electric power for the propulsion of electric
locomotives and cars in transportation train service.

396 Train Power Purchased - Includes the cost of electric power
purchased for the propulsion of locomotives and cars in
transportation train service.

400 Water, Lubricants and Other Supplies for Train Locomotives

401 Trainmen - Includes the pay of conductors; of train auditors,
ticket collectors, and others engaged in lifting or examining
authorities for transportation.

402 Train Supplies and Expenses - Includes miscellaneous expenses of
transportation service trains and the cost of all supplies other
than locomotive supplies.

403 Operating Sleeping Cars - Includes the cost of operating sleeping
car service on trains; also the pay of employees attrlbutable to
the operation of such service.

404 Signal and Interlocker Operation - Includes the cost of qperating
signals ‘and interlockers other than those solely or principally
used for governing all movements of locomotives and trains between

“J')main .and: yard tradks, ‘moverients’ of “locomotives between yard tracks
and englnehouses, .and yard sw1tch1ng movements.

405 Crossing Protection - Includes the pay of street and highway
crossing gatekeepers and flagmen, and the cost of supplies used.

406 Drawbridge Operation - Includes the cost of operating drawbridges,
the pay of employees engaged in the operation of drawbridges and
expenses incurred attributable to drawbridge operation.

407 Communication System Operation - Includes the cost of operating
communication systems not provided for elsewhere.

408 Operating Floating Equipment - Includes the cost of operating

floating equipment in water transfer (ferriage, lighterage, and
floatage).




TABLE E-3.

DEFINITION OF MAINTENANCE COST ACCOUNT NUMBERS IN ICC REPORT (CONT'D

)

ICC
ACCOUNT
NUMBER

DEFINITION

409

410

411 .

414

415

416

417

418

419

Employees Health and Welfare Benefits - Includes premiums on group
and other insurance policies covering annuities and other benefits
for employees (or their beneficiaries) engaged in conducting
transportation operations.

Stationery and Printing - Includes the cost of stationery and
.printing used in connection with rail line transportation,
including the operation of floating equipment.

Other Expenses - Includes all expenses in cognection with rail
line transportation not properly chargeable to other
transportation accounts. ’

Insurance - Includes the cost of premiums for insuring the carrier
against loss through injuries to persons, damage, destruction or
loss of propery, whether caused by fire, accident or other cause,
when such loss to the carrier would be chargeable to rail line
"transportation.

other supplies and expenses incurred in the clearing of wrecks
other than wrecks of work trains.

Clearing Wrecks - Includes the costs of labor, train service, and .

Damage to Property - Includes payments and expenses from damages
to ﬁhe pgoperﬁx of others, whether by fire, collision, flood, or.
other cause, with the exception of payments and expenses from
damage to property entrusted to the carrier for transportation,
and for damage to stock on right-of-way.

Damage to Livestock on Right-of-Way - Includes payments of cattle
and other livestock killed or injured while crossing of
trespassing on the right-of-way, including cost of removing and
burying the same.

Loss and Damage: Freight - Includes payments and expenses from
loss, destruction, damage, or delays to revenue freight shipments,
including locomotives, cars, and highway revenue equipment
transported as freight, express matter, milk shipments, and
livestock, and expenses incurred from such payments.

" Loss and Damage: Baggage - Includes payments for loss,
destruction, damage, or delays to baggage and other personal
property carried as baggage, and damage to personal apparel; also
expenses on account of such or damage.




TABLE E-3.

DEFINITION OF MAINTENANCE COST ACCOUNT NUMBERS IN ICC REPORT (CONT'D)

IcC
ACCOUNT
NUMBER

DEFINITION

420

390

391

412

413

451 e Ve

452

453

454

Injuries to Persons - Includes expenses of injuries to persons
which occur directly in connection with transportation service,
including damages for ejectment of passengers.

Operating Joint Yards and Terminals-Dr. - Includes the carriers'

.proportion of the costs incurred by others in their operation.of

joint yards and terminals, including signals, interlockers, and
other facilities at such joint yards and terminals.

Operating Joint Yards and Terminals-Cr.- Includes amounts
chargeable to others as their proportions of the costs incurred by
the carrier in the operation of joint yards and terminals,
including signals, interlockers, and other facilities at such
joint yards and terminals.

Operating Joint Tracks and Facilities=-Dr. - Includes the carriers'
proportion of the transportation expenses incurred by others in
the operation of joint tracks, interlockers, and other fac111t1es
which are not included in ICC Account Number 390.

Operating Joint Tracks and Facilities-Cr. - Includes amounts
chargeable to others as their proportions of transportation
expenses incurred by the carrier in the operation of joint tracks,
interlockers, and other facilities which ‘are not provided for in

;. ICC, Account gpmber Msricc. e ratios o arass IR CENVEI

Salarles and Expenses of General Officers ~ Includes the pay of
all general officers not otherwise provided for, including
salaries and fees of receivers and commissions paid to general
officers in lieu of salaries; also the traveling and other
expenses of officers whose pay is included in this item.

Salaries and Expenses of Clerks and Attendants - Includes the pay
and expenses of clerks and attendants of the officers whose
salaries are includible in ICC Account Number 451.

General Office Supplies and Expenses - Includes the office’
expenses of officers designated in ICC Account Number 451.

Law Expenses - Includes the pay and the office and other expenses

of officers and employees of the law department, when not provided
for elsewhere, the cost of suits, and the payments of special law

fees.




TABLE E-3. DEFINITION OF MAINTENANCE COST ACCOUNT NUMBERS IN ICC REPORT {CONT'D)

1ce _ ' S _ 1."'
ACCOUNT :
NUMBER ~ DEFINITION

455 Insurance - Includes premiums for insuring the carrier against
’ loss through injuries to persons or damage to or destruction of
loss of property, whether caused by fire, accident, or other cause.

456 ’ Employees Health and Welfare Benefits - Includes premiums on group
and other insurance policies covering annuities and other benefits
for employees (or their beneficiaries) engaged in accounting, law
and other general administration.

402 . Refrigeration and Heater Service - Includes: a) Gross charges for
refrigeration service; b) Credits for refrigeration service;
c) Gross charges for heater serv1ce, and d) Credits for heater
service. :

457 Pensions - Includes amounts payable for the current year to
) trustees under pension plans for pension costs computed on basis
of employees services in the year, and for pension costs computed
on the basis of credits for past services.

458 . Stationery and Printing - Includes the cost of postage,
stationery, and printing used in general offices and not
' chargeable to other accounts.

460 Other Expenses - Includes incidental genral expenses which have
not been properly includable in any of the previous data items.
H - st : @ dywe FygLu (. TR L f e .
461 General J01nt Fac111t1es-Dr. - Includes the carrlers"proportlon
of general expenses by others incident to maintaining and
operating tracks, yards, terminals, and other facilities used
jointly.

462 General Joint Facilities-Cr. - Includes amounts chargeable to
others as their proportions of general expenses incurred by the
carrier incident to maintaining and operating tracks, yards,
termlnals, and other facilities used jointly.




The factor for other accounts under Maintenance of
Equipment and Maintenance of Way is established by the ratio of

accounts 311 to the total of all major accounts under
Maintenance of Equipment. A similar factor is developed for
accounts appearing under the heading Transportation-Rail Line,
by using the ratio of the account 400 (servicing train
locomotives) to the total of all major accounts under the
category. Calculation of the diesel related cost factors is
shown at the end of Table E-2. The cost of fueling diesel
locomotives is assumed to be one percent of the cost of diesel
fuel (account 394). h

The numbers shown in the left hand side of the equal sign

refer to the ICC account numbers. The costs given in Column 5
of Table E-2 are. the products of the total cost in Column 3 and

‘the diesel related cost factor.

The total maintenance cost is 1,515,073 thousand dollars
(1977 dollars) (end of Column 5 of Table E-2). The total
diesel locomotive unit-miles is calculated from Table 6 and
Table 7 of the ICC report as 1,347,590 unit-miles (the total
locomotive mileage of Table 6 for road and train switching,
1,361,202 unit-miles, is portioned between electric and diesel

NN
i

according t¢ the:fleet ‘sizes 'as rdported in Table 7). - v 1o

The average maintenance cost in 1977 dollars is therefore
$1.12/unit-mile. '

The above procedures for calculating the maintenance cost
were repeated using Conrail R-1 data. The result was a cost of.
'$1.92/unit-mile for diesel locomotives. For the same routes,
figures of $1.99/unit-mile in 1977 dollars, and $2.27/unit-mile
in 1980 dollars are given in reference(1l8].

The R-1 estimates were staled‘by the cost ratio $1.99/$1.92

to account for the élight‘deviation of the R-1 estimate from



the reference[l8] estimate and then escalated to 1980 dollars

using the ratio $2.27/$1.99. The averageAdiesel locomotive
maintenance cost for all railroads in 1980 dollars was

calculated to be $1.33/unit-mile. .



APPENDIX F
INSTRUCTIONS FOR COMPLETION OF THE RAILROAD QUESTIONNAIRE

Ql. - The percent change in revenue tonnage on the route
segment from 1978 to 1990 has been projected by direction
for 15 commodity groupings and is recorded in. the two rows of
question 1. The projection is based on the FRA rail commodity
projections between 129 regions of the U.S. and assumes that
traffic on all patallel rail lines between regions would grow
uniformly in any given commodity grouping. Commodities
included in each of the 15 groupings are listed in Table A (not
included here. See Table 4-6). Please note at the bottom of

the questionnaire any comments you have with regard to the
.projection. If you have alternate data for this time period

that you believe is more approprlate, write it in the
appropriate blocks.

Q2. - The percent‘of 1978 revenue tonoage in each of 15
commodity groupings is recorded in the two rows of ItemA2. The
percentageé for all commodities and both directions sum |
to 100%. Item 2 1s based on the "Princeton Model" which .
predlcts the routlng of commodities between junction points
using data obtained from a 1% waybill sampling. Since a route
segment being considered for electrification, in general,
contains many waybill junction points, the percent revenue
tonnage data of Item 2 is based on average commodity flow over
the segment, weighted by the distance between junction points.

Your comment at the bottom of the gquestionnaire, on whether

this data generally characterizes traffic over the route

segment, would be appreciated.

Q3. - For each of the 15 commodities indicate which of the

following three (or less) service categories best describe the

manner in which that commodity is transported. If any



commodity must be split to make such categorization please
indicate the corresponding tonnage split.

Expedited Service - Includes those commodities for which

consideration of delivery time by the shipper or receiver is
4signifiéant enough to warrant special operational provisions
by the railroad to speed delivery. TOFC/COFC trains and
produce trains are examples of expedited service where the
operational provisions to minimize delivery time might include
such factors as increased dispatch levei for locomotives,
schedule superiority of trains, and by-pass of intermediate
yards. |

Bulk Movement - Includes those commodities for which a

significant.requirement of the shipper or receiver is the
regularity of délivery of the commodity but Efor which speed of
delivery of any partiéular carload is not significant. Unit
trains which haul coal, grain or chemicals are typical examples
of bulk movement. The'significant operational characteristic

is a rather low average speed which results from factors such
as speed restrictions, low train priority enroute, and a
dispatch level only.sufficient for tractive. effort.on..the

ruling grade.. :- . ondny

Normal Service - Includes all commodities for which no

special operational provisions are made that effect delivery

time. "Normal éervice typically includes mixed commodities on
any train with routine reclassification at intermediate yards
and nominal dispatch levels.

Q4-6. - For each of the service categories on the route
segment, record the consist characteristics of the the most
typical train including dispatch level in each direction
(nameplate horsepower per ton of train), diesel road locpmotive
type (mfrs. model no.), and the run time in each direction (in
hours). The dispatch level should be that which appears in the ’

F-2



dispatchers manual and defines power and/or traction
requirements per trailing gross ton on each route segment. Do

not use the actual locomotive dispatch obtained from traffic
records as this contains additional dispatch for fleet
balancing. If helper locomotives are used on the segment,
record their characteristics separately for the appropriate

type(s) of service and direction(s).

Q7. - Record the ruling grade in each direction in percent
of ruling grade for trains in normal service.

Q8. - Record the actual gross tonnage in calendar year 1980

and indicate whether it is trailing or total.

Q9. - Estimate the percent of tonnage in each direction:
that is moved as expedited traffic.

Ql0. - Estimate the percent of traffic on the sector which
will be hauled by electric locomotives after conversion.



APPENDIX G .
COMPUTATION OF TRAFFIC DENSITY AND GROWTH
‘ ' . BY DIRECTION AND SERVICE CATEGORY

Definitions:

Gf = 1978 gross traffic density in forward direction,
including locomotives.

Gr = 1978 gross traffic density in reverse direction,
including locomotives.

Re = 1978 revenue traffic density in forward direction.

Rr = 1978 revenue traffic density in reverse direction.

a = ratio of empty car weight to average revenue weight per
- carload. :

b = ratio of empty to-loaded car miles.
.c = ratio of locomotive weight to trailing train weight.
. d = index which assigns commodity groups to service
' categories (0 or 1).
' = superscript indicating parameter value.in l990.
i;é subscript 1nd1cat1ng parameter value assoc1ated w1th

commodity i(i=1-16). . _ S L

j = subscrlpt 1nd1cat1ng parameter value assoc1ated ‘with
service category j(j=1 4)

r R% = ratio of 1990 revenue tonnage forward to 1978
f = ®-  revenue tonnage, forward.
f
r Ré = ratio of 1990 revenue tonnage reverse to 1978
r =z ‘revenue tonnage reverse.
r

g = annual growth of gross trafflc den51ty from 1978 to
1990.



Analytic Equations

The 1978 gross traffic densities for each commodity group
in the forward and reverse directions are given, respectively, .

by:

Cpi

[RFi(l + ai) + aibi R 1l + Ci)

Ri] (

(1)
G

ri - [Rpy(l * 35) + azby Rpyl (1 + cy)

and the 1990 gross traffic densities are given by:

[}
G Fi

LRFi + aib. R r_.] (1 + ci)

(1 + ai) r i "Ri "Ri

» Fi =
(2)
Gl

[R

Ri ri (L * aj) rgpy * azb; Rpj rpyl (1 + cy)

To establish the gross traffic density of the four service
categories; bulk, normal, expedited and paséenger, in the
forward and reverse directions, sum the gross traffic density
of the relevant commodity groups (index 4 is determined from

question 3 of the Railroad Questionnaire); ' .
= 2
Gpy = 1 9i5 Cpy
- z
- CRj i 9ij Cri
(3)
' = 2 1
G'py = 1 944 G'py
' = 2
G'ry = T 9dij G'ri

The annual compound growth rate in percent for each of the
four service categories in the forward and reverse direction is

given by:
= . ' 1/12 -
gFj = 100 [(G Fj/GFj) l]
(4) : y
| _ , L 1/12
gRj = 100 [(G Rj/gRj) l]




If Re¢ and Rr are input in tons per year, the 1978 gross
traffic densities computed by equations (1), (2), and (3) are
in tons per year. The total traffic density on the route

‘ ~segment is given by:

- = =
(5) G = Gg + G = § (Ggg +G

¥

)

£ r J rj : ‘

which can be compared with existingilcc data on total 1978
traffic on the route*.

The ratio of equation (3) to equation (5) can be used to
portion the ICC traffic density if use of that total density is
preferable. Defining the ICC traffic density.in.1978 as GI

(6)

Gipy = (Gg,/G) Gy

If Rp and RR are not available in tons per year butvrather .

as a fraction of total revenue tonnage on the route (per
. ‘ question # 2 of the Railroad Questionnaire) then equation (6)
. must be used to generate gross tons per year by service
“lgategory and di;ect;qp. _Witp_gg gqngR iqu; as ratips, ;he'
i‘-:definitionLof_gETanngthecomeSthearatios»@fngross to:trevenue

R . R R
: trafflc 4 R R T CUNE NS YR TP oy STy e

Assumptions of Traffic Forecast Formulation

The fol;owing assumptions were made in formulating

equations (1l)-(6):

a) The,growth in revenue tonnage by commodity and
~ direction on a route segment is uniform over the 12

years of the forecast.

*If the ICC data are available in some other base vear, then
equation (3) must be escalated to that year using equation (4)
in order to make the comparison using equation 5.

I | - G-3



b)

National statistics on the ratios of empty to loaded
car weight and car-miles for each commodity group
apply in either direction and on any route segment. .

Computer Program For Calculating The Traffic Split & Growth

Rates by Type of Service

There is an optional fortran program available to assist

the user in preparing link data files. 1If no trailing traffic

densities are known by type of service, and if no composite

"growth rates are known by type of service, then this auxilliary
program may be helpful. However, the user will still need the
following kind of information: '

_For each 1link -

l.

A figure for the gross total tons of traffic density
for some input year of data.

Revenue ton percentages by 16 commodities in each .
direction.

Growth rates by’ Iihk for each of the 16 commodities in

each direction.

For all links -

4.

Constants for converting revenue tons into gross tons

and yéar of tonnage data.

This information must be prepared in data files similar to
the utility files of the economic model. The auxilliary ‘

program will then generate, for each link prepared:




1. Eight gross total* traffic densities, by type of
service and direction, for the year 1980, and

' 2. Eight annual growth rates by type of service and
direction,

There will also be some intermediate gross ton commodity
information between the reprinted input and final output.

The Input Files

The first file that this program needs is "ABC.DAT",
referred to by item 4 above. There are three types of
- constants needed for converting from revenue tons to gross
tons. The first two are commodity spec1f1c, the last is

service category specific. They are:

The "A"™ Constants - Ratio of empty car weight to average
revenue weight per car by commodity.

. The "B" Constants -4Ratio of empty to loaded car miles by
commodity. . , ’

The "C" Constants - Ratio of total train weight to trailing
. gross weight. ’

The figures used for the DOT study were as follows for the

16 commodities listed:

“*Note: As it happened, this program generated total train
weight and the model ultimately used trailing weight,
necessitating dividing the output totals by the "C" constants.

FRE
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Commodity ' ' ~ A ‘ B

Coal ' .359
Chemicals . .466
Grain .412
Iron Ore ‘ .359
Forest Products ' .359
Non-Metallic Minerals ' .359
Pulp & Paper .881
Metals .397
Stone : - «359
Cement .558
Grain Mill Products ‘ <881
Food 1.240
Transportation Equipment . +967
Lumber 1.370
Other Products o , .881
Passenger S emeee :

The locomotive weight factors were all 1.08 for each type
of service. '

To convert directional revenue percentages, XF and XR, of

- traffic forward and reverse into a share of the gross traffic
total, the program separates the commodity traffic into four

parts: ‘ , : . '

l. 'Loaded forward cars travelling fofward;

2. Loaded reverse cars travglling reverse;

3. Empty forward cars travelling reverse;

4, Empty‘reverse cars travelling forward.
The factors are combined algebraically as follows:

For 1. | We have (1 + A) * XF
For 2. We have (L + A) * XR




For 3. We have A*B * XF
For 4. We have A*B * XR

Then the total forward is:
(L + A) * XF + A*B * XR
and the total reverse is:
(1 + A) * XR + A*B * XF'

These two values are then each multiplied by C (= 1.08) to add

in the locomotive weight.

‘The A's are entered in 16 blocks of 5 columns as are the
B's. The last digit should be in the rightmost column of each
block. The C's are entered in 4 blocks of five columns with
:their digits rightmost as well. The appearance of the DOT
~values in the data file is shown by the following table:

ABC.DAT

Column number across -

.359 .466 .412 .359 .359 .359 .881 .397 .359 .558 .881 1.24 .967 1.37 .88l .000
.910 1.06 .910 .910 .910 .910 .694 .858 .910 .776 .694 .771 .940 .880 .694 .000
1.08 1.08 1.08 1.08 ' .

The second file needed by the auxilliary program is the
file containing the link information - "RRQSTN.DAT" - tne
two-letter ID code, the node numbers, the 1980 total traffic
density, and the 16 directional revenue splits and growth rates
for each link prepared. The total length of the file for each

link is 17 reco:ds.



The letters, nodes and 1980 traffic density for each link
are entered in three blocks of the.first record. The first two
are five columns long containing the letters and numbers _
anywhere within them. However, it is suggested that they be .
coded in the way described in Section 4.2.3, the link data
input section. Then cross referencing is faster between the
two files. The density is then entered in a block of
10 columns with the last digit or decimal point entered in
column number 20. This 1980 density need only be in millions,
e.g., 23.4 for 23,400,000. If several different densities may
be tried, a 1.00 should be entered which will yield multipliers
at the bottom of the output instead of densities. |

The last 16 records are all entered the same way - in four
blocks of 10 columns with the last digit or decimal point in
the ténth column of each block. Each record corresponds in
order to each of the 16 commodities as listed. The four values
for each record/commodity are: 1. The forward growth rate;
2. The reverse g:owth rate; 3 The commodity's share of forward
traffic; and 4. The commodity's share of reverse tra_ﬁfic. ' ‘

The revenue shares can be in tons, in percent, or any other
way as long.as the relative ‘propdrtionsiof.weéight in each
direction are preserwved.i "% " . T

The following table 'is a sample for a link prepared for
this auxiliary program ("RRQSTN.DAT"): o




Column number across -

.' 1 1 2 2 3
1 5 o0 5 0 5 0

3 4
5 0

RR 83172 1.0000
0.1 0.1 0.6 29.6
2.3 0 16.4 1.2
3.1 2.4 2.2 6.5
0 0 0 0
2.0 0 0.4 0
0 0 0.1 0.2
0 0 0.1 0.6
-0.1 -0.5 0.9 2.1
0.9 0 1.5 1.4
0 0.4 2.7 0.8
2.5 3.1 1.9 6.7
2.7 -0.3 2.5 1.0
3.7 2.1 1.9 0
0.3 0.7 0.6 2.7
4.1 2.6 3.3 2.3
4.1 2.6 3.3 6.0

The Output

The output for each link prepared and run is printed on a
single sheet There are three d1v151ons of the output. . The
flrst is anf ech01ng back of the llnk 1nputs for vérlflcatlon.
The service category as51gned 't6 each commodlty AS printed in

digit code from 1 to 4:

1. Bulk type of service;

2. Normal type of service;

3. Expedited type of service;
4. Passenger type of service

The values echoed back are in the same order as those read
from the link input file, "RRQSTN.DAT". Although any order is
allowed for the A'S, B'S, and link commodity data, they must
agree‘with each other throughout the program. To alter the

service category assigned to each commodity requires a



programmer to change and recompile the program. The order

currently expected in relation to this assignment is the order

listed on Page G-5. A . .

The second part contains gross tonnage information for each

commodity that does not have a meaningful total, but does have
relative weight for each commodity presented. This is useful

for checking individual commodities.

The bottom of the page contains the two lines needed for
the rail electrification assessment model. Each set of four
numbers corrésponds to the service categories in the order of
bulk, normal, expedited, and passenger.. The final eight
traffic densities have been scaled to total to the input 1980
density listed at the top. These densities include locomotive
weight.

The page of output appears in Figure G-1 for the sample

route segment.

Program Operation
S

The user forlows several steps to genezate the’ results.'f
Flrst, ‘the 1nput flles, ABC.DAT and RRQSTN DAT,'must be created

and ready on disk.

Second, any file names "RRLINK.DAT" should be renamed to
avoid being replaced by the output file of this program:

(.) RENAME RRLNK2.DAT=RRLINK.DAT

Third, the program "GROWTD.FOR" must exist - either copied
off of the DOT study tape or entered line by line by a
programmer (see program code, Table G-1, at end of this
appendix) .

10
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: . i

ILINKS  UR999 UTOWN YARD TO UCITY, USA}
‘

1980 THPUT.  THAFFIC DENSETYS 1,000 (HRT/YR)
FORWARD R T
PFEVLNUE % GROWTH % “SERVICE
0,380 -(9,0 : ?
15.91¢. 75.3 R B
2.340 39,0 ? .
0,050 0,0 ]
0.120 22,2 ?
¢. 310 12,2 2
0,950 0.0 2
1,730 -f,9 2
t.210 ~1.0 A
1.060 - 17.4 PR S
1.490 3o.9 2o
1,880 21.5 2
0,590 40,2 o |
0.90 ) 6.3 2
7,110 : 41,0 i )
I, 000 : 43,0 2
FORWARD
: GhDSS 1979 GROSS 1990 GROWTH
V558 N.191 . =9,299
25,797 42.122 4,558
3.908 5,340 2.691 .
v.391 0.391 0.009 *
4,206, 0.270 2.418 7 °
0.903 1.23u 2,292 -
1.544 1.522 -0,131
3.197 2,939 -0,732 ¢+ T
8.907 7.449 -0.655
2,180 2.320 1.328 -
6,701 9.0%0 2.096
14717 5.260 - 1.4R9 - -
2.36) 3.040 2,335 .-
14,944 15,901 -2.02% ..
16.233 22,351 2.950
8,082 11.353 2,91
SERVICE LLVEL SROWTH RATES (%)%
FORWARD ’ :
G 00 1.23u1 1.93448 0.0009

1980 SELVICE LEVEL TRAFIIC DENSITIES (MGT/YR):
FORWAKD
v u0u0 v.le19 U0.0940 0.,0000
BULK NORMAL . EXPD, PASS . *

FIGURE G-1.
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DISTA%CE: 501,33 (M

COAL.

GRAIN
CHMCL,
IROY

GRVLS&
NHETL
FURPD
GL3SA
FOOD

MLLPD
PAPER
METAL
TRANP
LMRER
MISFR
OTHER

"COAL
GHAIN

CIMCL

IRON

GRVL&
NNETL
FORPD
GLSSE
Foop

MLILPD
PAPER
METAL
TRANP
LMRER
MISFR
QOTHER

OuU'rPUT#

A s ¢

REVERSE
FEVENUE
0.000
3.790
0,530
0,900
0.990
1,440
v,.300
0.590
INPUT* 1.920
0,040
5.690
4.460
1.130
312,670
2.710
0,980
REVERSE
GROSS
1
INTERMEDIATE*
CALCULATION
OF GROSS TONS
AND GROWTH 1
IN GROSS TONS
BY COMMODITY 1
f
1
HEVERSE
 0.0000
J
i
REVERSE
S0 ,0000
ABULK

o

SAMPLE CQOMPUTER RE?SULTS
H ' i ‘

|
7

I

1)
3 GHOYTIE &% SERVICE
0,9 2
2,0 2
1b.3 2
a.0 2
Y5.5 2
0.1 2.
-22.5 2
=-3.0 2
-10,9 3
-3, 2
13.1 2
15,10 2
22,6 k]
~22.0 2
3.7 k)
.7 2
1979 GROSS 1990 GROWTH %
0.134 0,046 -9,299
2,222 16,557 2,798
2.087 2.667 2,251
1,339 1.339 0,090
0,174 0,29% 4,R96
2.223 | 2,837 2,242 *Explanation
0,786 0,694 -1.122 added, does
1.802 1,703 -0.513 not appear
3,152 11,936 -0.878 on printout
0,781 0,890 1,108
2,543 17.3113 2.973
7,429 f.,524 1.269
2.980 1.581 1.945
4,846 67,273 -2,088
0,200 13,6G) 2,651
4,408 5.917 2.713
-0,3330 0,9512 a,0000
0.4519 9.,0922 0.0000
NORMAL EXPD. PASS.



Then the program must be compiled:

(.)COMP GROWTD.FOR

Fifth, the program is executed. During the execution, the
program will ask the user (or programmer) at the terminal to
"enter year of tonnage data". At this point, the person at the
terminal tYpes in the four digit year that the revenue data was
prepared for:

(.)EX GROWTD.REL
(LINK: LOADING)

((LNKXCT GROWTD EXECUTION])

(ENTER YEAR OF TONNAGE DATA:)
1979 '

(STOP)

(END OF EXECUTION)
(CPU TIME: 2.44 ELAPSED TIME: 17.28) B

s d 5 et L IR
LA P MY I Vit e Y e
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Now the file "RRLINK.DAT" is ready for printing:

(.)PRINT RRLINK.DAT
(LPTO1:RRLINK=/SEQ:2321/LIMIT:86, 1 FILE)

In the above system, session lines, the characters inside
the parentheses, are printed for you. All you type are the
characters after the right parenthesis. '




TABLE G-1. LISTING OF FORTRAN CODE FOR TRAFFIC MODEL

00010 " INTEGER ID(2),L(8)

00020 REAL A(16),B(16),C(4),TRFDEN(4,2)

00030 ~ REAL U(2,16),V(2,16),F(2,16)

00040 REAL UF(4),LF(4) ,UR(4),LR(4),G(4,2)

00050 OPEN (UNIT=1,FILE="'ABC.DAT')

00060 OPEN (UNIT=20,FILE="RRQSTN.DAT')

00070 OPEN (UNIT=22,FILE='RRLINK.DAT")

00080 WRITE(5,1)

00090 1 FORMAT (1X, 'ENTER YEAR OF TONNAGE DATA:')

00100 READ(5,*) IY

00110 Y=1990-1IY

00120 YINV=1./Y

00130 X=Y-10.

00140 READ(1,2) A,B,C

00150 2 FORMAT (16F5.0) :

00160 3 READ (20, 4,END-28) ID,DENSTY
- 00170 4 FORMAT (2A5,G10.4)

00180 WRITE(22,5) ID,DENSTY .
00190 5 ' FORMAT(LH1/1X'LINK: '2A5' 1980 INPUT TRAFFIC DENSITY: 'F10.3)
00200 : DO 6 J=1,4 :

00210 TRFDEN (J,1)=0. =

00220 TRFDEN (J,2)=0.

00230 UF (J)=0.

00240 LF(J)=0.

00250 _ UR(J)=0.

00260 6 LR(J)=0.

00270 WRITE(22,7)

00280 . 7 FORMAT (/1X, ' FORWARD' T66 ' REVERSE' /6X ' REVENUE %'le,'GROWTH %',
00290 . . 1 _ % SERVICE'T66,6X'REVENUE $'10X' GROWTH $% SERVICE')
00300 -+ DO 12 J=1,16

00310 -~ . . 'READ(20,8,END=26) SF,SR,RF,RR

00320 8 FORMAT (4F10.2)

00330 c

00340 c PROGRAMMER NOTE: THE COMMODITIES ARE ASSIGNED TO SERVICE CATEGORIES
00350 c IN THE FOLLOWING LINES. CHANGES SHOULD BE MADE HERE.... ’
00360 c : : ,

00370 A KF=2

00380 ' IF(J.EQ.9.0R.J.EQ.13.0R.J.EQ.15) KF=3

00390 KR=KF

00400 c

00410 SF2=(SF*.01l+1,) **Y

00420 SR2=(SF*.01+1.) **Y

00430 AF=C (KF) * (L. +A (J))

00440 ' AR=C (KR) * (1. +A(J))

00450 ’ BF=C (KF) *A (J) *B(J)

00460 BR=C (KR) *A (J) *B (J)

00470 U(1,J) =RF*AF+RR*BR

00480 , U(2,J) =RR*AR+RF*BF




TABLE G-1. LISTING OF FORTRAN CODE FOR TRAFFIC MODEL (CONT'D)

00490
00500
00510
00520
00530
00540
00550
00560
00570

00580

00590
00600
00610
00620
00630
00640
00650
00660
00670
00680
00690
00700
00710
00720
00730
00740
00750
00760
00770
00780
00790
00800
00810
00820
00830
00840
00850
00860
00870
00880
00890
00900
00910
00920
00930
00940
00950
00960

10

16

17
18
19

20

IR (LR (3) . EQ. O)GOTO 96"
| :GI=UF (J)/LF (J) " -:-aw~;;gx»

V(1,J) =SF2*RF*AF+SR2*RR*BR
V(2,J) =SR2*RR*AR+SF2*RF*BF

Fl=1.

IF(U(1,J) .EQ.0)GOTO 9
F1=V(1,J)/U(1,J)

F1=F1**YINV

F2=1.

IF(U(2,J) .EQ.0)GOTO 10
F2=v(2,J)/U(2,J)

F2=F2**YINV

F(1,J)=F1*100.-100.
F(2,J)=F2*100.-100.

TRFDEN (KF,1) =TRFDEN (KF,1) + U(1,J)
TRFDEN (KR, 2) =TRFDEN (KR, 2) + U(2,J)
UF (KF) =UF (KF) + V(1,J)

LF (KF) =LF (KF) + U(1,J)
UR(KR)=UR(KR) + V(2,J)
LR(KR)=LR(KR) + U(2,J) "
WRITE(22,11) RF,SF,KF,RR,SR,KR
FORMAT (6X,F10.3,10X%,F10.2,110,T66, 6X,F10.3,10X,F10.2,110)
CONTINUE

WRITE(22,13) IY,IY

FORMAT (/1X'FORWARD'T66 'REVERSE' /6X'GROSS 'I4' GROSS 1990°',

' GROWTH %'T66,6X,'GROSS 'I4' GROSS 1990 GROWTH %')
DO 14 J=1,16

WRITE(22,15) ((U(K,J),V(K,J) ,F(K,J))K=1,2)
FORMAT (6X, 3F10.3,T66, 6X, 3710. 3) _

. DO 18-d=1,4: . . =i

Gl=1.

Gl=Gl**YINV

G2=1.

IF (LR(J) .EQ.0) GOTO 17

G2=UR(J) /LR(J)

G2=G2**YINV

G(J,1)=G1l-1.

G(J,2)=G2-1.

WRITE(22,19) G

FORMAT (/1X'SERVICE TYPE GROWTH RATES (%):'/1X,'FORWARD',
T66, ' REVERSE'/6X,2P4F10.4,T66,6X, 2P4F10.4)

WRITE (22, 20)

FORMAT (12X 'BULK' 4X ' NORMAL EXPEDITED PASSENGER',T66,12X,
'BULK' 4X'NORMAL EXPEDITED PASSENGER')

SUMTRF=0.

DO 21 J=1,4

DO 21 I=1,2 _

TRFDEN (J,1) =TRFDEN (J,1) * (L. +G(J,I)) **X

®




TABLE G-1l. LISTING OF FORTRAN CODE FOR TRAFFIC MODEL (CONT'D)

00970
00980
00990
01000
01010
01020
01030
01040
01050
01060
01070
01080
01090
01100
01110
01120

21 -

22
23
24

25

26

27
28

SUMTRF=SUMTRF+TRFDEN (J,1)

IF (SUMTRF.EQ.0) GOTO 23

DO 22 J=1,4

DO 22 1I=1,2

TRFDEN (J,1) =TRFDEN(J, l)*DENSTY/SUMTRF
WRITE(22,24) TRFDEN

FORMAT (/1X, '1980 TRAFFIC DENSITIES BY TYPE OF SERVICE:',

/1X'FORWARD',T66, 'REVERSE'/6X,4F10.4,T66,6X,4F10.4)
WRITE(22,20)

IF (DENSTY,EQ.0)WRITE (22,25) SUMTRF
FORMAT (1X, 'TOTAL 1980 GROSS TRAFFIC DENSITY:'F10.3)
GOTO 3

WRITE(22,27) ID

FORMAT (1X, 'FILE ENDED EARLY FOR ',2A5)

STOP

END
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