REPORT NO. FRA/ORD-81/43

ENERGY AUDIT OF THE
BOSTON AND MAINE RAILROAD

John Hitz
Robert Dorer
Stephen Cultrera
Arthur Bohnwagner

U.S. Department of Transportation
Research and Special Programs Administration
Transportation Systems Center
Cambridge MA 02142

Boston and Maine Corporation
Iron Horse Park
North Billerica MA 01862

APRIL 1981
INTERIM REPORT

OOCUMENT I8 AVAILABLE TO THE PUBLIC
THROUGH THE NATIONAL TECHNICAL
INFORMATION SERVICE, SPRINGFISLD,
VIRGINIA 22161

Prepared for

U.S. DEPARTMENT OF TRANSPORTATION

FEDERAL RAILROAD ADMINISTRATION
Office of Research and Development
Washington DC 20590

F831-21176%



NOTICE

This document is disseminasted under the sponsorship

of the Department of Transportation in the interest

of information exchange. The United States Govern-

:;nt a;suncs no liability for its contents or use
sreof.

NOTICE

The United States Government does not endorse pro-
ducts or manufacturers. Trade or manufacturers'
names appear herein solely because they are con-
sidered essential to the object of this report.




Technicoel Report Documentation Poge

[T Ropert We. T4 6 A sion Ne. 3. Recipiont’'s Coraleg Me.
FRA/ORD-81/43 .Ml 211765
[ & Yivie end Sovvivie T Roport Deve
April 1981
ENERGY AUDIT OF THE BOSTON AND MAINE RATLROAD 6. Porlorming Orgonizevion Code
DTS-732
L,; : 8. Porforming Orgenization Report No.
- Mwthe’s)  John Hitz, Robert Do Step: > -TSC- -
Arthur BeBnwe 8::1‘* rer, Stephen Cultrera, DOT-TSC-FRA-81-11
9. Porlorming Orgenizetion Neme end Addvess 10. Werk Unit No. (TRAIS)
U.S. Department of Transportation RR152/R1308
Research and Special Programs Administration 1. Contract or Grant Ne.
Transportation Systems Center \
Cambridge MA 02142 13. Type of Repert and Poried Covered
12. Spensering Agency Neme ond Adéress Interim Report
U.S. Department of Transportation
Federal Railroad Administration January 1980-February 1981
Office of Research and Development 14. Spensering Agency Code
Washington DC 20590 RRD-12

15. Supplomentery Notes
*Mr. Bohnwagner works for the Boston and Maine Corporation.

V6. Abetwrest
This report documents an energy audit of the Boston and Maine Railroad performed in
support of a joint Government/industry program to determine means of conserving
ensrgy on railroads without reducing safety or service quality. The audit was
performed by DOT's Transportation Systems Center and the BSM Railroad under the
sponsorship of the Pederal Railroad Administration.

Phase I of the energy asudit involved acquisition and analysis of energy-related
data for the month of December 1979 to determine energy supply and use patterns

on the BéM and identify mejor areas of energy use for conservation emphasis.

Phase II involved more detailed snalysis of additional diesel fuel data for the
months of Decesber 1979 through August 1980 to assist in identifying and evaluating
conservation options for freight train operations.

The energy audit showed that railroads should focus energy conservation efforts on
freight train operations where 78% of the total energy used by the B&M was consumad.
Accurate metering of diesel fuel supply, use and inventories is a necessary first

step in menaging conservation of this resource. A strong relationship was found

between diesel fuel consumed and ton-miles of work performed indicating that actionﬁ
taken to increase the gross-to-tare weight ratio of trains (e.g., reduced empty car
movenent) will reduce overall fuel consumption. A trend towards greater fuel use
efficiency (ton-miles per gallom) with varmer weather was explained, in part, by
the effectiveness of the B&M Policy of restricted locomotive idling during warmer

months.
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PREFACE

This report documents interim results of an energy audit of the Boston and
Maine Railroad in support of the Federal Railroad Administration (FRA)/Boston
and Maine (B&M) Railroad Energy Use Study. The energy audit currently
involves acquisition and snalysis of energy-related data to determine energy
supply and use patterns, identify major areas of energy use for project
emphasis and assist in identifying and evaluating energy conservation options.
This effort is being performed jointly by the Transportation Systems Center
(TSC) and the B&M Railroad to produce information which will be useful to all

railroads in determining effective means of conserving energy.

The TSC project manager is Robert Coulombre, and the principsl investiga-
tor is John Hitz. B&M perticipation in the project is managed by Sidney
Culliford, Vice president of Transportation, and George Gallagher, Generasl
Superintendent - Transportation. Acquisition of energy audit data is being
ooordinated by Arthur Bohnwagner of the B&NM. Analysis of the data is
performed by Robert Dorer of TSC. A data base management system for the
energy sudit data was developed and is maintained by Stephen Cultrera of.Tsc.

The suthors sre indebted to all TSC and B&M participants for their assist-
snce and cooperation in supporting the energy asudit.
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SUMMARY

This report documents interim results of an energy audit of the Boston and -
Maine (B&M) Railroad in support of a joint DOT/B&M Railroad energy conserva-
tion study. The energy audit is being performed in two phases. Phase I
involved scquisition and analysis of energy-related data for the month of
December 1979 to determine energy supply and use patterns on the B&M system
and identify major areas of energy use for conservation emphasis. Phase II
currently involves more detailed analysis of additional diesel fuel use data
for the months of December 1979 through August 1980 to assist in identifying
and evaluating conservation options for thru freight train operations. The
energy audit is being performed jointly by the B&M Railroad and the DOT's
Transportation Systems Center under sponsorship of the Federal Reilroad
Administration.

The energy sudit has resulted in the following conclusions:

= Railroads should focus energy conservation efforts on thru freight
train operations

= Accurate metering of diesel fuel supply, use and storage is a necessary
first step in managing conservation of this resource

= The sudit dats supports actions to increase the gross to tare weight
ratio of trains and reduce looomotive idling as effective conservation
measures.
The results of the Phase I energy sudit are summarized in the following energy
flow chart of the BiM system. The figure shows that train operations oonsume
788 of the total energy on the BiM system, while facilities and equipment

oconsume the remaining 178 end 5%, respectively. Within train operations, thru



freight train operations constitute the largest single energy consumption area
on the B&M, 39% of the total, and for that reason was selected ‘s the area for
project conservation emphasis. Conservation options identified and currently
being evaluated for effectiveness include: guidelines for improved matiching
of locomotive horsepower to train tcanage, lccomctive isolation and fuel saver
devices, reduced speed profiles and idling times, locomotive mates for line

haul service,® and reclaiming and recycling of spilled fuel.

ICM:OOV ] Il'ooz

| menes | 178

®The mete concept being investigated is a N-axle locomotive with traction
motors but without a diesel engine for power. The mate would be coupled with
and driven Dy two GP=NO locomotives. Decause the power available from the two
GP-A0's would be spread over six traction motors per unit, the same tractive
effort cen be obtained st low speeds with a mate consist as with a three GP-%0
oconsist. The mate consist oan, therefore, achieve fuel savings by permitting
the use of one less loocomotive for oertain train spplications. In this oon-
figuration, the mate oconsist has similar fuel consumption characteristics as
two SD=40 locomotives.



A data base management system was developed for the continuing Phase Il
audit of diesel fuel to assist in organization and analysis of the data. The
Phase II audit has shown that one major fuel supplier has provided about 56%
of the total B&M fuel. The leading three suppliers provided about 78% of the
total. The average price of diesel fuel increased from 75 to 85% per gallon
during the audit period from December, 1979, to June, 1980. A comparison of
fuel supplied to fuel consumed indicates a net surplus of over 600,000 gallons
of fuel over the same period. A detailed examination of fuel use data from
newly installed fuel pump meters on the B&M system and inventories of fuel
storage tanks should be performed to provide an accurate accounting of this
discrepancy between supply and use. This effort would also assist in iden-

tifying any areas of spillage or unasuthorized use.

Analysis of Phase II diesel fuel data has established a strong relation-
ship between fuel consumed and ton-miles of work performed which is in agree-
ment with results of fuel consumption tests performed on BEM freight trains.®
Actions taken to increase the gross-to-tare-weight ratio of trains (e.g.,
reduced empty car movement) will therefore reduce overall fuel consumption.
Phase II data also indicated a trend towards greater fuel use efficiency,
measured by ton-miles per gallon, with warmer weather. In pert, this
{mprovement may be due to the effectiveness of the B&M polioy of reduced
loocomotive idling during warmer months.

"Hitz, J., and R, Dorer, "Baseline Fuel Consumption Tests on the B&M Reilroad
« Interim Results," Project Memorsndum, RR152, Transportation Systems Center,
December 15, 1980.



Several added tasks.should be performed before completion of the audit.
The Phase I audit should be expanded to include additional months. As a
minimus, several months in the winter and summer should be included. The
expanded Phase I audit will permit snalysis of the effects of seasonality on
the rank of major energy use sreas and will reduce potentisl errors due to
time lags between actual and recorded supply/use of energy. The Phase II
sudit should be extended to a complete year to permit a more thorough snalysis
and verification of seasonal and other trends in fuel consumption and fuel use

efficiency.



1. INTRODUCTION

1.1 PURPOSE

This report documents interim results of an energy audit of the Boston and
Maine (B&M) Railrosd in support of the Federal Railrosd Administration
(FRA)/B&M Railroad Energy Use Study. The energy audit involves acquisition
and analysis of energy data from the BEM with the objectives of: (1) char=-
acterizing energy supply and use patterns, (2) identifying major areas of
energy use for project emphasis, and (3) assisting in the selection and eval-
uation of energy conservation options. This effort is being performed jointly
by DOT's Transportation Systems Center (TSC) and the B&M Railroad for the over-
all purpose of providing information which will be useful to all reailroads in

deternining effective means of conserving energy.

1.2 BACKGROUND
The increasing cost and occcasional scarcity of energy, in general, and

locomotive diesel fuel, in particular, has crested s strong need on the part
of all railroads snd the FRA to identify and evaluste options for oconserving
energy. In response to this need, the FRA/BiM Railroad Energy Use Study was
initisted in January 1980. Under this project, the FRA is sponsoring a joint
effort between TSC and the BIM Railroad with the purpose of determining means
of conserving energy on railrosds without reducing safety or service quality.

The first task under the FRA/BANM study, reported here, is to perform an
energy audit of the BAN Railroad. Results of the energy audit have shown that
thru freight train operstions are the largest liuh vrer of energy on the B&M
system and thus the area to receive project enphasis for conservation efforts.



The second task uses inforuation from the audit to identify and evaluate
options for conserving energy required for freight train operations. Conserva-
tion options identified and currently being evaluated include: better match-
ing of locomotive horsepower to train tonnage, locomotive isolation, fuel
saver devices, locomotive mates for line haul service® and changes in speed
profiles. Conservation options which the analyses show to be effective will
be evaluated in the field under controlled test conditions as part of the
third project task. These tests will validate the energy savings of the con-
servation options and provide a means of evaluating their overall feasidility
for implementation. Task four of the project will involve dissemination of
useful results to the railroad industry through an FRA-sponsored Energy

Management Workshop to be held at TSC in October, 1981.

1.3 APPROACH

The energy sudit task was initiated by the development of data require-
ments for the Phase I effort. These requirements were then coordinated with
the B&M Railroad snd the necessary data was obtasined for the month of December
1979, as desaribed in Section 2. This data was then snalyzed to characterize
energy supply and use petterns on the B&M and to identify leading energy users
for prbjoct emphasis on conservation efforts. The results of this task led to

®The mate ooncept being investigated is a N-axle locomotive with traction
motors but without a diesel engine for power. The mate would be coupled with
and driven by two GP-30 locomotives. Because the power available from the two
GP-A0's would be spread over six traction motors per unit, the same tractive
effort can de obtained st low speeds with a mate consist as with s three GP=R0
oonsist. The mate consist can, therefore, achieve fuel savings by permitting
the use of one less looomotive for certain trasin applications. In this oon-

figuration, the mate consist has similar fuel consumption characteristiocs as
two 3SD=80 locomotives.



identification of thru freight train operations as the leading energy user
on the BiM system, as described in Section 3. Phase II of the energy audit,
discussed in Section 4, is currently in progress and involves the continued
acquisition and analysis of locomotive diesel fuel use data in support of
conservation efforts on thru freight train operations. Section 5 of the

report discusses remaining work to be performed on the energy asudit.



2. ACQUISITION OF ENERGY AUDIT DATA

2.1 DATA REQUIREMENTS

Prior to performing the Phase I energy audit, requirements for data were
established. The need to identify the different types and amounts of energy
used on the B&M system and the suppliers of this energy resulted in the devel-
opment of the supplier data form shown in Figure 2-1. Similarly, the data
form shown in Figure 2-2 was developed to identify users of the different
types of energy. Anticipiting that diesel fuel for train operations would be
8 major use of energy, a more detailed data form was deve.oped for this energy
type to describe its various uses at the different fuel..- voints as shown in

Figure 2-3.

2.2 DATA ACQUISITION .

Working with the B&M, December 1979 was selected as the month for the
Phase I sudit. At that time, December was the most recent month for which
locomotive diesel fuel use data was available. In addition, it was believed
that one month's data would be sufficient to provide initial guidance to the
" project and would limit the extensive amount of labor required for acquisition
of dats. |

Informstion required on the different types of energy supplied to the B&M
(Figure 2-1), other tham diesel fuel, was obtained by the B&M accounting and
purchasing departaents located in Boston. The fuel officer of the transporta-
tion depertment provided the data required on diesel fuel use as specified in
Figures 2-1, 2-2, and 2-3.
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FICURE 2-3.

FUELING

STATION

STATION OUTPUT

GALLONS

ROTTERDAM JCT.
MECHANICVILLE
E. DEERFIELD
GARDNER
FITCHBURG
AYER

LOWELL
LAWRENCE
BRADPORD
DOVER
PORTLAND
PORTSMOUTH
GLOUCESTER
SALEM

POSTON
WORCESTER
SPRINGFIELD
ROLYOKE
BRATTLEBORO
WHITE RIVER JCT.
WELLS RIVER

FUEL CONSUMED AT EACH FUELING STATION




After initiating th§ data acquisition process, it became apparent that
some of the data requirements could not be fully met. For example, manual
accounting techniques did not permit identifying all the different suppliers
of each energy type as originally specified in Figure 2-1., The exception to
this is in the diesel fuel area where it was possible to identify specific
suppliers and amounts supplied. For nondiesel fuel energy, therefore, the
resulting data reduced to gross totals of the different types of energy
supplied to the B&M. Similarly, amounts of different energy types consumed
for specific uses, as specified in Figure 2-1, was aggregated to the level of
Rajor use areas; e.g., facilities and equipment vehicles. VWorking with B&M
personnel, however, it was possible to identify the specific use subcategories

for the different energy types, as shown in Table 2-1,



TABLE 2-1. USE SUBCATEGORIES FOR DIFFERENT ENERGY TYPES

ENERGY TYPE

USE CATEGORIES

Diesel Fuel

Kerosene

Electricity

Propane

Fuel 01l
Gasoline

Lubriocation 0il

Thru Freight Train Operations

Local and Sv:~:ching Train Operations
Passenger Tr.in Operations

Facility Heating

Equipment-Vehicles

Caboose Heating
Switch Heaters

Facility Lighting
Facility Heating

Facility Air Conditioning
Switch Heaters

Signals

Facility Heating
Switch Heaters

Facility Heating
Equipment-Vehicles

Freight Train Operations
Passenger Train Operations

For the nondiesel fuel energy types, records of energy supplied wers

assumed to be equal to energy used during the month of December. For electri-

oity, a major emergy use category, this assumption is not oconsidered to intro-

duce any error sinoe this form of energy is not stored. For other nondiesel

stored-types of energy, some error in use estimates may be introduced. A

longer term audit, presently being considered, would tend to eliminate this

type of error.



3. ANALYSIS OF B&J ENERGY USE DATA, PHASE I

3.1 ENERGY SUPPLY AND USE PATTERNS

A summary of the energy datas obtained for the December 1979 audit is pre-
sented in Figures 3-1 and 3-2. These figures express the energy used on the
B&M system in common units of dollars (Figure 3-1) and BTU's (Figure 3-2).
The average cost rates and equivalent BTU contents of the different types of
energy used to convert the basic data are listed in Appendices A and B,
respectively. As Figures 3-1 and 3-2 show, the resulting combinations of
energy types and uses is greatly simplified from the possible combinations
originally proposed. Several energy types, such as coal and steam, were not
used at all by the B&M and cihers were not used for certain applications:

e.8., ¢lectricity was not used for train operations.

Overall use of energy on the BiM system, in units of dollars, is desoribed
by the diagrem in Figure 3-3. Of the three major use categories identified;
train operations, facilities, and equipment-vehicles, train operations
oconsumed the most energy. The dominant energy type for train operations is
diesel fuel with relatively small smounts of lube oil and kerosene also being
used, Faoilitiqa also consumed a significant amount of energy with the
largest portion (65%) being fuel oil for heating. It is expected that this
level of fuel oil use would diminish in warmer weather. As described by the
diagrsa, the amounts of oertain energy types used for specific purposes oould
not be estadblished by the availadle data. For example, the smounts of elec-
trical energy used specifically for lighting snd air oonditioning oould not be
determined, although the total amount of electricity used was known.

EQuipment-vehicles used a relatively small amount of energy consisting

10
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primarily of gasoline. Again, the amounts of this energy type used for speci-
fic purposes could not be determined.

Table 3-1 provides a ranking of the major energy uses on the B&M system on
the basis of cost. The table also shows the percent by cost of total erergy
consumed by each use category and its equivalent BTU's. Train operations, as
a separate major category, consumes 78% of the total energy used by the B&H.
Railroad. Within this category, thru freight train operztions is the single
largest consumer of energy, 39% of the total. Passenger train operations also
consume 8 significant portion of the total energy, 28%. This comparison of
freight and passenger operations does not consider their relative fuel effi-
ciencies; e.g., in terms of gallons per ton-mile. Facilities heating with
fuel oil, ranked third, is the leading nontrain operations energy user consum-
ing a significant 11% of the total energy. Two other energy uses, caboose
heating and lube oil, while consuming less than 1% of the total, appear exces-
sive wvhen considered separately. The smount of kerosene used for caboose
heating was estimated on the basis of a six-gallon per day dburn rate. The
total kerosene and lude oil amounts were estimated on the bdasis of supply
' records for the moanth of December and could change significantly if averaged

over a longer period.

Because of the anticipated large use of diesel fuel for trasin operations,
additional information was obtained on its supply and use. Tabdle 3-2 shows
the amount of diesel fuel used by the B&M for thru freight, switch and local
freight, and passenger service for all the fueling points on the BiM for the
month of December 1979. The fueling points are ranked by the amount of fuel

used. Since most of the passenger trains are fueled in Boston, it ranked the

1%



TABLE 3-1. RANKING OF MAJOR ENERGY USES BY COST - DECEMBER, 1979

ENERGY USE

THRU FREIGHT
OPERATION

PASSENGER TRAIN
OPERATION

FACILITIES HEATING
(FRT.)

SWITCH AND LOCAL
TRAIN OPERATION

EQUIPMENT (ON &
OFF TRACK VEHICLES)

FACILITIES (HEAT,
LIGHT, SWITCH
HEATERS, ETC.)

LOCOMOTI VE LUBE
OIL (FRT.)

CABOOSE HEATING

FACILITIES (HEAT &
SWITCH HEATING)

FACILITIES (TAP OFF
FOR BET BOILER)

FACILITIES (SWITCH
HEATERS, "POTS",
DIESEL FUEL SuB-
STITUTE)

LOCOMOT! VE LUBE
OIL (PASS.)

AMOUNT & TYPE
913,563 GAL. #2 DIESEL FUEL

645,892 GAL. #2 DIESEL FUEL
211,611 GAL. #2FUEL OIL
832,046 GAL. #2 DIESEL FUEL
90, 830 GAL. (REG. & UN-
LEADED) GASOLINE
1,536,000 KWH ELECTRICITY

12,709 GAL. LUBE OIL

14,460 GAL. KEROSENE
16,900 GAL. PROPANE

15,000 GAL. #2 DIESEL FUEL

2,606 GAL. KEROSENE

830 GAL. LUBE OIL
TOTALS

81,

cost

(X$10000 BTU'S (X 10)

694.3
503.8
190.4
176.4

9.4

76.8

15.9

B.7
1.8

1.0

L1

121.7
89.6
29.3

3.2
11.4

5.2

1.8

L7
L5

21



TABLE 3-2. DIESEL FUEL USE BY TYPE OF TRAIN AND FUELING STATION,
GALLONS - DECEMBER, 1979%

FUELING THRU  SWITCH
STATION FRT ZL0CAL  PASSENGER TOTAL
BOSTON, MA 18,62 41,401 321,01 41,104
PORTLAND, ME 0,961 - - 280,96}
EAST DEERFIELD, MA 2,006 31,128 . 260,824
MECHANICVILLE, NY 20,85 13,374 - 3,19
SOUTH STATION . - 121,633 121,633
PROVI DENCE, R! - - n,m n,m
SPRINGFIELD, MA 57,000 4,48 - 61,4
CONCORD, NH 2,05 13,8 12,56 59,362
FRANKLIN, MA - - 55,006 55,086
WHITE RIVER JCT, VT N4 3,86 - 35,020
FITCHBURG, MA - 12,613 14,301 2.9%
HAVERHILL, MA . . 21,58 21,508
AYER, MA - 21,085 - 4,085
GARDNER, MA - 1,5 U, 57 16,22
LOWELL, MA - 3, M 11,009 1,862
LAWRENCE, MA - 14,605 . 1,685
MANCHESTER, NH . B, - 8,52
WORCHESTER, MA - 0,55 - 0,55
DOVER, NH - 10,20 - 0,2
NASHUA, NH - . 600 - 6,004
GROVETON, NH - 4,826 - 4,86
SALEM, MA - 4,70 - 4,760
PORTSMOUTH, NH . 4,2 . 4,26
WHITEFIELD, NH - 3,604 - 3,60
BRATTLEBORO, VT - 3,42 - 3,
HOLYOKE, MA - 2,19 - 2,19
ROCKPORT, MA - - 1,964 1,964
ne 2,08 s 1,0

#Al11 figures presented here were revised slightly to their
final values presented in Appendix F.
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highest. The three major thru freight fueling points, Portland, East
Deerfield and Mechanicville, were the next largest issuers of fuel. Since the

Decemher audit, fueling at Portland was discontinued and transferred primarily

to East Deerfield.

Table 3-3 shows a listing of diesel fuel suppliers to the B&M ranked by
the amounts of fuel supplied to the BIM fueling points for the month of
December. The suppliers' names have been coded because of their proprietary
nature. The leadirz supplier to the B&M provided about 56% of the total fuel

used. About 78% of the fuel supplied was provided by three suppliers.

A comparison of the fuel supplied and used at each fueling point, as shown
in Tables 3-2 and 3-3, indicates several discrepancies. In some cases, these
discrepancies are caused by time lags between actual and recorded supply.
Amounts of fuel supplied to the system are taken from dbilling records received
in December which may have included fuel actually supplied in earlier months.
Fuel use records, howsver, are determined from actual use for thst month. In
addition, several fueling points have aiora.o tanks, the inventories of which
have not been accounted for. Discrepancies can also result from spillage,
unsuthorized uses and other unaccounted for uses of fuel. Since the December
energy audit, the B&M has installed fuel meters on all fueling facilities.
Monitoring of these meters, tank inventories and actual times of fuel supplied
will permit a oconsidersbly more sccurate audit of fuel use and should help in
identifying sny sreas of waste and unsuthorized use. This monitoring effort
is perticularly important during periods of rapid price increases and spot
shortages since monthly supplies can vary significsntly depending on corporate
purchasing policies and fuel availabdbility.

17



"sa9y1ddns (/6T ‘iequedeq jo Supisyy ®3e7dwod 103 J xjpueddy seg,

£z* ‘8LYiY HN NOL300¥O 33103 3 8AY
8z 3 3 {71 HN HLNONBLYOJ ANVJO INIOO
ve 't *100¢0f HN QYOINOD ANVINII04E° D
vset *Z0040g AN ITVIAIINVHIMN ‘00 NV 330
g9°t ‘£¥B4ZE 10 190 Y3AIY 3LIHA ANVENO I 1adS
veet *£Z6IEE i OUNEMILT 4 ‘02 0MNAINS
6542 *6¥540S w NITINVYS ANV4O 18,36
8l *ZSS4T8 i G1ITJONINGS NJOT104
S6°9 *CZ9ICET Y aANVILY0d ‘00 WIVNLNVOJ
£S°0t *£05460Z T Q13144330 *3 ANVEHISNON 4
69°11 *0504822 W G1314¥330 °3 02 WNFWI V3ION
SZ°9¢ *9ZESL60°T VW W318AS B NOLSOE ‘INI ¥ 834
viol 304 40 NOILVIOT ONITIN NI 4INS
40 % SNOTTVE

»(6£61 ‘¥ATHAIAA) NOLLVIOT ONITENA A SUIITAdNS TEAL T9SEIA WIS  °C-C T1eVL



3.2 IDENTIFICATION OF AﬁEAS FOR PROJECT EMPHASIS

The results of the Phase I energy audit for December were reviewed with
the BIM to establish areas of emphasis for the remainder of the project.
Since thru freight train operations was the largest user of energy on the BiM
system, 39% of the total, it was selected as the area of project concentration
for determining means of conserving energy. Thru freight train operations
held the greatest potential for significant fuel savings and many of the use-
ful results applicable to thru freight could possibly be directly transfer-
rable to local/switching and passenger t- in operations. All three areas of

train operations, taken together, comprised 78% of the total energy use on the
B&M.

The emphasis o conservation of energy in train operations led to subse-

quent selection of various options for accomplishing this objective.® These

options, currently being evaluated through analysis and test prior to possidble
implementation, are listed delow:

= guidelines for improved matching of locomotive horsepower to train
tonnage to minimize fuel consumption,

modified speed profiles,

isolation of locomotives,

looomotive mates for line haul service.

reduced idling,

fuel saver devices,

modified braking strategies (e.g., drifting versus power braking),and
locomotive engineer "flight plans®" for fuel efficient train operation.

Htz, J.8. »_"The Selection and Prioritization of Energy Conservation Options
for Field Tests on the Boston & Maine Reilroed," Project Memorandum, RROS2,
Transportation Systemss Center, June 2, 1980.
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Other areas identified of possible future interest, either Jointly with
the B&M or as an independent B&M effort, were the following:
- heating of facilities,

- caboose heating,
- recycling of lubrication oil or its use as a fuel stretcher, and

- recyecling or reclaiming spilled fuel.

Next to train operations, the heating of facilities appeared to have the
greatest potential for significant energy savings. An inspection of the B&M
terminal in Boston, for example, identified a number of opportunities for
conservation through weatherproofing, insulation and upgrading of heating
equipment. The extent of fuel spillage on the BiM could not be precisely
determined; however, it was apparent from inspections that it does occur and
efforts are being made by the B&M to minimize the problem. The BiM has
installed fuel meters, improved fueling nozzles, catch basins, and other
facilities for reclaiming and recycling spilled fuel. On a national basis, it

was estimated in 1975 that spillage smounted to 3% of total fuel use.®

®Cétinich, J.H., "Fuel Efficiency Improvements in Rail Freight
Transportation,” Final Report, FRA-OR&D=76=136/DOT=TSC-FRA~T5-26,
NTIS #PB-250673, 1975.



4, ANALYSIS OF B&M DIESEL FUEL USE DATA, PHASE II

4.1 ENERGY AUDIT DATA BASE MANAGEMENT SYSTEM

With emphasis of the project directed to train operations, the energy
audit concentrated on continued acquisition of diesel fuel data. This effort
constituted the second phase of the energy audit. To assist in the organiza-
tion and analysis of the diesel fuel data, a dats base management system
(DBMS) was developed. The DBMS permits convenient storage, retrieval and
manipulation of the data for sorting, tabulating and plotting of various data
combinations. Each month, data on diesel fuel use provided by the B&M is
placed in the DBMS, 11;0 data oonsists of amounts of fuel supplied by each
supplier to each fueling point and the amounts of fuel used at each fueling
point by type of train operation. In addition, train operations data on ton-
miles, train-miles, cars handled and trains operated is provided for use in

normalizing fuel use statistics by activity levels.

Two types of standard reports are currently being generated by the DEMS,
tables and bar charts. The tables provide monthly summaries of fuel supply
and use and cumulative statistics for the year to dete. The bar charts
provide a display of the trend in fuel use by month for the year to date. A
listing of the reports produced by the DEMS, together with the appendix
locations of the asctual reports, is provided below.

Tables:
= Fueling Location Suppliers by Month Appendix C
« Fueling Location Suppliers, Cumulative Summary to Date Appendix D
= Fuel Supplied, Cimulative Summary by Month Appendix E
« Fuel consumption Statistics dy Location and Type of

Service by Moath Appendix F
= Fuel Consumption Statistics by Location and Type of

Service, Cumulative Summary to Dete Appendix G
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= Operating Statistics by Month Appendix H
- Operating Statistics, Cumulative ‘verage to Date Appendix 1
- Fuel Use Statistics by Month Appendix J
- Fuel Use Statistics, Cumulative Average to Date Appendix K
Bar Charts:

- Diesel Fuel Consumed by Month and Type of Service Appendix L
= Thru Freight Diesel Fuel Consumed by Month Appendix M
- Gross Thru Freight Ton-miles Handled by Month Appendix N
- Gross Ton-miles per Thru Freight Gallon by Month Appendix O

4.2 ANALYSIS OF DIESEL FUEL SUPPLY AND USE PATTERNS

Information on the supply of diesel fuel to the different fueling points
by supplier for the period from December, 1979, through June, 1980, is pro-
vided in Appendices C, D, and E. One supplier consistenly provided more fuel
to the BIM than any other supplier, the average being 56% over the audit
period. The most fuel provided by any other supplier was 38.8% in April. The
leading supply location is Boston. Portland, which initially ranked fourth as
8 supply location, was discontinued as a fueling point in December and did not
appear on any reports after February. The average diesel fuel price mcruud_
from 754 in December to 844 in June, a period of relative price stability
compared with the previous year. The average monthly amount of fuel supplied
during the same period was 1,868,564 gallons per month.

Appendizes F and G provide statistics on the amounts of fuel consumed, by
train type, for the different fueling points from December, 1979, through
August, 1980. The smounts showm oonsumed for the months of December and
Janusry were adjusted to scoount for three days of December fuel consumption
dats originally assigned to Janusry. The December figures in Appendix F,
therefore, differ slightly from the esrlier data presented in Section 3 tof
the Phase I sudit. The leading fueling points, in terms of fuel pumped into
locomotives, were Boston in December, East Deerfield umtil April, and then



Mechanicville for the remainder of the audit. This shift from Boston appears
to reflect the discontinuance of Portland as a fueling point and the transfer
of its fueling operations to the western portions of the system. The average
monthly amount of fuel consumed by all train operations for the nine-month

period through August was 1,757,370 galloms.

A comparison of the average amounts of fuel supplied and consumed monthly
indicates a net surplus of fuel over the audit period. Through June, just
over 600,000 gallons more fuel was shown supplied than consumed. There are
several explanations for this difference. Since the surplus is only 37% of
the total tank storage capacity of the system, the difference could be
acoounted for by increased inventories in the storage tanks. Time lags
between delivery and billing records could account for some of the difference,
particularly on a month-to-month basis, however, it is expected that this
effect would have tended to cancel out over the audit period. The lower
consumption figures may also be due, in part, to spillage, unauthorized uses
and other unaccounted for uses of fuel. A more detailed examination of the
data from the recently installed fuel pump meters and the storage tank inven-
tories should provide a reasonably accurate accounting of the supply-
consumption differences and would assist in identifying any areas of spillage
or unauthorized use.

The trend in fuel consumption, as shown by the bar chart in Appendix L,
indicates small monthly veriations. The minimum consumption month was July
(1,565,094 gallons) and the peak month was December (1,985,312 gallons), a 288
difference from the average consumption. The month-to-month variatioms in

fuel consumption seem to closely follow changes in ton-miles of traffic.
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December was the third highest freight traffic month while July had the lowest
freight ton-miles.

A comparison of thru freight fuel consumption trends, Appendix M, with
trends in thru freight ton-miles indicates a close correlation. A plot of the
?ont.hly data points for thru freight fuel consumption versus ton-miles is
shown in Figure 4-1. The linear regression line drawn through the data points
has a correlation coefficient squared value, r2. of 0.77 indicating that a
significant amount of the variation in fuel consumption is explained by the
linear relatonship with ton-miles. These results agree well with the results
of the baseline fuel consumption tests performed on B&M trains which show a
similar strong relationship between fuel consumed and ton-miles of work
performed.® The data therefore supports, as effective energy conservation
measures, any actions, such as improved freight car utilization, which will

increase the overall gross to tare weight ratio of trains.

Fuel use efficiency, messured in ton-miles per gallon, tended to improve
over the period of the audit from December to July, as shown by the bar chart
in Appendix O. The average ton-miles per gallon for the four-month winter
period from December through March is 380, while from april through July it is
456, The spparent explanation for this trend is due to the shift from cooler
to varmer westher. As it gets warmer, locomotives are shut down when not in
servioce. The data suggests, therefore, that the B&M policy of restricted

1dling during the warm months mey be effective in reducing fuel consumption.

*Hitz, J., and R. Dorer, "Beseline Fuel Consumption Tests on the B&M Railroad
- Interim Results,” Project Memorandum, RR152, Transportation Systems Center,
December 15, 1980.
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5. FUTURE ENERGY AUDIT EFFORTS

Several additional tasks should be accomplished before completion of the
energy audit. The Phase I audit which considered all energy types and uses on
the B&M system was only performed for the month of December, While this was
sufficient to 1qgnt1fy the major energy users for project emphasis, additional
data will permit analysis of any shifts in energy use areas ocecurring with
changes in season, thus affecting future project priorities; e.g., the rela-
tive roles of heating oil versus electricity. Also, any possible audit errors
due to time lags between sctual supply or use and that indicated by accounting
rccordg would tend to be eliminated with additional months of data. As a
minimum, the audit should include several winter months (December through

Februsry) and susmmer months (June through August).

The Phase II sudit of diesel fuel is reasonably complete. A full year of
dats, however, would permit additional verification of seasonal and other
trends already observed: e.g., differences in supply and consumption, corre-
lations between fuel consumed and ton-miles of work, and improvements in fuel

use efficiency with warmer weather.



APPENDIX A

AVERAGE UNIT ENERGY COST CONVERSION FACTORS

Appendix A contains the average energy unit costs used to
convert the December, 1979 energy use dats into comman units of

dollars.
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AVERAGE UNIT ENERGY COSTS FOR DECEMBER, 1979

Diesel Fuel, Freight Trains $.76 per gallom
Diesel Fuel, Passenger Trains $.78 per gallon
Fuel 011 $.90 per gallon
Propane $.70 per gallon
Lube 011 $1.25 per gallon
Electricity $.05 per kilowatt-hour
Karosane . $.95 per gallon
Gasoline $1.05 per gallom

28



APPENDIX B

AVERAGE BTU ENERGY EQUIVALENT FACTORS

Appendix B contains the average BTU energy equivalent factors
used to convert the December, 1979 energy use data into commaon units
of BTU's. Actual energy content of diesel fuel can vary significantly
from these averages. Fuel supplies should be tested for energy content

if more precise information is required for specific supplies.
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AVERAGE BTU ENERGY EQUIVALENT FACTORS FOR DECEMBER, 1979

Diesel Fuel, Freight Trains 5,825,000 Btu/barrel

Diesel Fuel, Passenger Trains 5,825,000 Btu/barrel
Fuel 011 5,825,000 Btu/barrel
Propane 3,836,000 Btu/barrel
Lube 01l 6,065,000 Btu/barrel
Electricity 3,412 Btu/kWh

Kerosens 5,670,000 Btu/barrel
Gasoline 5,253,000 Btu/barrel



APPENDIX C

FUELING LOCATION SUPPLIERS BY MONTH

Each of the following tables in Appendix C provides fuel supplier
data for a separate month for the period from December, 1979 through
August, 1980. Data for the momth of July, 1980 is not included as it
is not available at this time. Each fuel supplier that supplied fuel
to the B&M system is listed along with the following informatiaom:

= .place vhere the fuel was supplied, city and state

gallons of fuel supplied

percent of total gallons supplied

average price per gallon
= estimated total cost of fuel based on average price

= percent of total cost for fusl

The supplier names have been coled because of the proprietary
nature of this information to the B&M Railroad. The codes are consis-

tent from month to month to permit analysis of monthly trends.
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APPENDIX D

FUELING LOCATION SUPPLIERS, CUMULATIVE SUMMARY

The following table provides a cumulative summary of the
monthly supplier information contained in Appendix C for the pericd
of December, 1979 through June, 1980.

Each fuel supplier to the B&M system is listed along with the
following information:

= Location where fuel was supplied, city and state

- Gallons of fuel supplied

= Percent of total gallons supplied

- Average price per gallon (based on the total number of

gallons delivered for the sudit period by each supplier)

- Estimated total cost of fuel based on average price of

each supplier

- Percent of total cost for fual for the period covered.

Supplisr names have been coded because of the propristary nature
of this information to the B&M Railroad; these coded names are

consistent from month to manth to permit analysis of monthly trends.
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APPENDIX E

FUEL SUPPLIED, CUMULATIVE SUMMARY BY MONTH

The following table summarizes by month the total diesel fuel
supplied to the B&M Railroad by all suppliers during the periocd
from December, 1979 through August, 1980. This information corres-
ponds with the totals contained in each of the tables in Appendix
C. Entries are by month and year; gallons of fuel supplied; the
percentage of the gallons supplied that month against the total
gallons supplied for all months in ﬁhc pericd; ths average price
of fuel per gallon for each month; the estimated cost of fuel per
math based on the gallons of fuel supplied and its associated

percentage. Note that data from July, 1980 was not available.
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APPENDIX P

FUEL CONSUMPTION STATISTICS BY LOCATION AND TYPE OF SERVICE BY MONTH

Each of the following tabies in Appendix F provides monthly
statistics on fuel consumption for each of the thirty fueling locations
in the Boston and Maine Railroad system in three train categories:

Thru Freight, Switch and Local Freight, and Passenger. All categories
are totaled for each location, and percentages for each location in
each category are calculated. Also listed is the storage tank
capacity in gallons for each locatiocm. The period this information

covers is from December, 1979 through August, 1980.
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APPENDIX G
FUEL CONSUMPTION STATISTICS BY LOCATION AND TYPE COF SERVICE,

CUMULATIVE SUMMARY

The following table provides a cumulative summary of the
momthly tables that appear in Appendix F. This informatiom includes
data for the period of December, 1979 through August, 1980, divided
into three train categories: Thru !;rcight, Switch and Local Freight,
and Passenger. All categories are totaled for each location, and
percentages for each location in esch category are calculated.

Also listed is the storage tank capacity in gsllons for each location.
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APPENDIX H

OPERATING STATISTICS BY MONTH

The tables in Appendix H contain train operating statistics
for each month over the period from December, 1979 through August,
1980. The information is used to normalize fuel consumption data
for Thru Freight Trains. The operating statistics for Thru Freight
Trains includes the following:

= Gross ton miles handled

« The numbers of total cars, loaded cars, and
empty cars handled

« The number of trains operated
= The total miles of track operated
- Total freight train miles

- Llocomotive unit-miles.

The tables aleo list the number of Local trains operated, Switch
trains operated, Passenger trains operated, and Coal trains operated
by santh, as well as total miles of Branch track operated and total
Passenger train miles.
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Gross

Nuaber
Numsber

Nuaber

Nuaber
Nuaber
Nuaber
Nusber
Nuaber

Ton

of
of
of

of
of
of
of
of

B & M ENERGY USE STUDY
OFPERATING STATISTICS

FOR DECEMBER,» 1979

Miles Handled (Thru)! 445831050

Total Cars Handled (Thnru)?l
Loaded Cars Handled (Thru)$

Earty Cars Handled (Thru)?l

Trains Orerated (Thru)$
Trains Orerated (Locsl)!?
Trains Orerated (Switch)$
Trains Orerated (Passenser)!
Trains Orerated (Coal)!

Total Miles of Track Orerated (Thru)!

Totsl Miles of Track firerated

Total Freisht Train Miles (Thru)!

Totsl Passenger Train Miles?

Locomotive Unit-Miles (Thrul?

(Branch)?

72582
37048
35314

468
316

1378
7480

1018
397

128538

190140

343938



B & M ENERGY USE STUDY
OPERATING STATISTICS
FOR JANUARY» 1980

Gross Ton Miles Handled (Thru)! 4352276879

Nuasber of Total Cars Handled (Thru)! 783593
Nuaber of Loaded Cars Handled (Thru)? 386806
Nuaber of Emrtu Cars Handled (Thru)! 39789

Nuaber of Trains Orerated (Thru)! 672

Numbder of Trains Orerated (Local)! Sé64
Nuaber of Trains Orerated (Switch)!? 1410

Numsber of Trains Orerated (Passenser)! 7972
Nusber of Trsins Orerated (Cosl)! 10

Total Miles of Track Orerated (Thru)$ 1018
Totsl Milps of Track Orerated (Branch): 397

Total Freisht Train Miles (Thru)$ 130410
Totsl Passenser Train Niles! 178781
Locomotive Unit-Miles (Thru)? 3310354



Gross Ton

Number
Number

Number

Nuaber

of
of

o*

of
of
of
of
of

B & M ENERGY USE STUDY
OPERATING STATISTICS
FOR FEBRUARY, 1980

Miles Handled (Thru)! 4272935926

Total Cars Handled (Thru)$ 74302
L caded Cars Handled (Thru)! 37849
Earty Cars Handled (Thru)? 346453

Trains Orersted (Thru)$ 644
Trsins Orerated (Local)? 300
Trains Orerated (Bwitch)? 1410

Trains Orersted (Passenser)$ 724614
Trains Orerated (Cosl)$ ‘ 10

Total Miles of Trasck Orerated (Thru)tl 1018

Total Miles of Track Orerated (Branch)! 397

Total Freight Train Niles (Thru)! 120690
Total Psssenser Trein Miles! 172334
Locomotive Unit-Miles (Thru)$ 331086



Gross Ton

Nuaber
Number

Nuaber

Nuaber
Nuaber
Nuaber
Nuaber
Nuaber

of
of
of

of
of
of
of
of

B & M ENERGY USE STUDY

OPERATING STATISTICS
FOR MARCH» 1980

Miles Handled (Thru): 440277384

Total Cars Handled (Thru)$
Loaded Cars Handled (Thru)!?

Emrty Cars Handled (Thru)!

Trains Orersted (Thru)!
Trains Orerated (Local)!
Trains Orerated (Switch)!
Trains Orerated (Passenser)!

Trains Orerated (Coal)!

Totsl Miles of Track Orerated (Thru)!

Total Miles of Track Orerated (Branch)!

Total Freisht Train Miles (Thru)?$

Total Passenser Train Miles!

Locomotive Unit-Miles (Thru)$

61

78230
40107
38123

684
564
1376
763S

1018
397

129798

183860

364998



B & M ENERGY USE STUDY
OPERATING STATISTICS
FOR APRIL, 1980

Gross Ton Miles Handled (Thru)! 424487179

Nusber of Total Cars Handled (Thru)! 73891
Nuaber of Loaded Cars Handled (Thru)? 34198
Nuaber of Emartw Cars Handled (Thru)$ 37493

Nuaber of Trains Orerated (Thru)! 634
Nusber of Trains Orerated (Local)! 364
Nuaber of Trains Orerated (Switch): 1402

Nuaber of Trains Orerated (Passenser)! 7622
Nusber of Trains Orersted (Coal)! - )

Total Miles of Track Orerated (Thru)! 1018
Total Miles of Track Orerated (Branch) 397

Total Freisht Train Miles (Thru)$ 126373
Totsl Passenser Train Miles! 183373
Locomotive Unit-Miles (Thru)$ 333334
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Gross Ton

Number
Nuaber

Nuaber

of
of
of

of
of
of
of

‘of

B & M ENERGY USE STUDY
OPERATING STATISTICS
FOR MAY» 1980

Miles Handled (Thru)! 436907602

Total Cars Handled (Thru)$ 726294
Losaded Cars Handled (Thru)t 37408
Enrtuy Cars Handled (Thru)$ 368884

Trains Orerated (Thru)t 493

Trains Orerated (Local)! S10
Trains Orerated (Switch)!? 1409
Trains Orerated (Passenser)? 7384

Trains Orerated (Cosl)! 9

Total Miles of Track Orersted (Thru)! 1018
Total Miles of Track Orerated (Branch)! 397

Total Freisht Train Niles (Thru)$ 123598
Total Passenser Train Miles! 186189
Locoaotive Unit-Niles (Thru)! 328153
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Gross Ton

Number of
Number of

Number of

Number of
Nuaber of
Nuaber of
Nuaber of
Nuaber of

B § M ENERGY USE STUDY

OPERATING STATISTICS
FOR JUNE, 1980

Miles Handled (Thru)!? 4358470425

Total Cars Handled (Thru)$ 80244

Loaded Cars Handled (Thru)! 39592

Earty Cars Handled (Thru)! 40432

Trains
Trains
Trains
Troihs

Trains

Orerated
Orerated
Orersted
Orerated
Orerated

(Thru)? 633

(Local)? S22
(Switch)! 1398
(Passenser)? 7421

(Coal)? 12

Totasl Miles of Track Orerated (Thru)! 1018
Totsl Miles of Track Orerated (Branch)! 397

Total Freisht Train Miles (Thru)$ 1199861
Total Passenser Train Miles!? 182177
Locomotive Unit-Miles (Thru)! 326956



Gross Ton

Number
Number

Number

Number
Nuaber
Nuaber
Nuaber
. Nuaber

of
of

of

of
of
of
of
of

B & M ENERGY USE STUuDY

OPERATING STATISTICS

FOR JULY» 1980

Miles Handled (Thru)$ 4045935865

Total Cars Handled (Thru)? 77339

Losded Cars Handled (Thru)! 346653

Emrty Cars Handled (Thru)$ 40686

Trains Orersted
Trains Orerated
Trains Orerated
Trains Orerated
Trains Orerated

(Thru) s 624
(Local)s 502
(Switch)? 1373

(Passenger)$ 7720
(Coal)$ é

Totsl Miles of Track Orersted (Thrud! 1018

Totsl Miles of Track Orerated (Branch)! 397

Total Freight Train Miles (Thru)! 1166446
Total Psssenser Train Miles$ 187216
Locomotive Unit-Miles (Thru)$ 313508
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Gross Ton

Nuaber
Nuaber

Nuaber

Nuaber
Nuaber
Nuaber
Nuaber
Nuaber

of
of
of

of
of
of
of
of

B £ M ENERGY USE STUDY

OPERATING STATISTICS

FOR AUGUST.,

Miles Handled (Thru)!

1980

Totsl Cars Handled (Thru)?$

Loaded Cars Handled (Thru)!

Emrty Cars Handled (Thru)?

Trains
Trains
Trains
Trains

Trains

Orerated
Orerated
Orerated
Orerated
Orerated

(Thru) $
(Local)?
(Switeh)?
(Passenser)?

(Coasl)?

Total Miles of Track Orersted (Thru)l

Total Miles of Track Orersted (Branch)!

Total Freisht Trein Miles

(Thru)$

Total Passenser Train Miles?

Locomotive Unit-Miles (Thru)!

440262597

79208
39017
40191

628
513
13895
7584
12

1018
397

122730

183182

326560



APPENDIX I

OPERATING STATISTICS, CUMULATIVE AVERAGE TO DATE

The table in Appendix I contains summary cumulative train

operating statistics for the period from December, 1979 to August ,

1980. The information is used to normalize fuel consumption data

for Thru Freight Trains. The operating statistics for Thru Freight

Trains includes the following:

Gross ton miles handled

The numbers of total cars, loaded cars, and
empty cars handled

The number of trains operated
The total miles of track operated
Total freight train miles
Locomotive unit-miles.

The table also lists the number of Local trains operated, Switch

trains operated, Passenger trains operated, and Coal trains operated

by month, as well as total miles of Branch track operated and total
Passenger train miles.
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Averase

Averase
Average

Averase

Averase
Averase

Averase
Averase

Averasse

Averase

Averasse

Averase

Averasse

Averase

B & M ENERGY USE STUDY
OPERATING STATISTICS AVERAGES
FROM DECEMBERs» 1979 THRU.AUBUSTr 1980

Gross Ton Miles Handled (Thru)? 436733884

Number of Totasl Cars Handled (Thru)? 76742
Numsber of Loaded Csrs Handled (Thru)?$ 38077
Nuaber of Emarty Cars Handled (Thru)?l 3864695

Number of Trains Orerated (Thru)! 4356
Nusber of Trains Orerated (Locsl)? S06
Nusber of Trains Orerated (Switch)! 1392
Nusber of Trains Orerated (Passenser)!? 7628
Nuaber of Trains Orerated (Coal)! 9
Totsl Miles of Track Orerated (Thrul! 1018
Total Miles of Track Orerated (Branch)! 397

Total Freight Train Miles (Thru)! 124554
Total Psssenger Train Miles! 183494
Locomotive Unit-Miles (Thru)! 3335759



APPENDIX J

FUEL USE STATISTICS BY MONTH

The tables in Appendix J contain train fuel use statistics

for each month over the period from December, 1979 to Augus:, 1980.
The statistics are developed by combining fuel consumption data from
Appendix F with train operations data from Appendix H for the purpose
of analyzing trends in Thru Freight Train performance. The fiel use
statistics for Thru Freight train operations include the following:

= Gross ton-miles per gallom

= Percent of cars handled empty

= Gallous per train

= Gallons per loco-oti;ro unit mile

- Locomotives per gross ton

= Locomotives per train

The tables also provide gallon per train statistics for Switch
and Local trains and Passenger trains.



Gross Ton Miles Per

Percent

Gallons

Gallons

Gallons

Gallons

Bt M ENERGY USE STUDY

FUEL USE STATISTICS FOR DECEMBER» 1979

Gallon (Thru)?

of Cars Handled Emrty (Thru)f

Per Train (Thrul!
Per Train (Switch & Locsl)!
Per Train (Passenser)!

Per Locomotive Unit Mile (Thru)$

Locomotives Per Gross Ton (Thru)$

Locoaotives Per Train (Thru)!

434.18

48.93

1518.99

129.24

93.41

2.97

+00078

2.69



B & M ENERGY USE STUDY

FUEL USE STATISTICS FOR JANUARY, 1980

Gross Ton Miles Per Gallon (Thru)!? 450.41
Percent of Cars Handled Eartw (Thru)! 50.@3
Gallons Per Train (Thru)! 1472.35
Gallons Per Train (Switch & Locsl)! 91.67
Gallons Per Train (Passenser)! ' 63.01
Gallons Per Locomotive Unit Mile (Thfu)t 2.86
Locoaotives Per Gross Ton (Thrull +00078
Locomctives Per Train (Thru)! 2.69
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B & M ENERGY USE STUDY

FUEL USE STATISTICS FOR FEBRUARY» 1980

Gross Ton Miles Per Gallon (Thru)t 433.94
Percent of Cars Handled Emrtw (Thru)! 49.06
Gallons Per Train (Thru)! 1501.04
Gallons Per Train (Switch 8 Local)! 129.01
Gallons Per Train (Passenser)! _ 81.02
Gallons Per Locoaotive Unit Mile (Thru)! 2.97
Locomotives Per Gross Ton (Thru)$ +00077
Locomotives Per Train (Thru)$ 2.74
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B & M ENERGY USE S8STUDY

FUEL USE STATISTICS FOR MARCH» 1980

Gross Ton Miles Per Gallon (Thru)l 440.71
Percent of Cars Handled Emrty (Thrud! 48.73
Gallons Per Train (Thrul$ 1447.84
Gallons Per Train (Suitch & Locsl)? 89.67
Gallons Per Train (Possonlo;)z o 86.31
Gallons Per Locomotive Unit Mile (Thru)! 2.74
Locomotives Per Gross Ton (Thru)l + 00083
Locosotives Per Train (Thru)? 2.81
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B & M ENERGY USE STUuDY

FUEL USE STATISTICS FOR APRILs 1980

Gross Ton Miles Per Gallon (Thru)$ 451.27
Percent of Cars Handled Emstw (Thru)l 31.01
Gallons Per Train (Thruld! 1421.60
Gallons Per Trasin (Switch & Local)? 109.74
Gallons Per Train (Passenser)! 73.21
Gallons Per Locomotive Unit Mile (Thr;)t 2.82
Locomotives Per OGrosi Ton (Thru)! + 00079
Locosotives Per Train (Thru)!l 2.64
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B & M ENERGY USE STUDY

FUEL USE STATISTICS FOR MAY» 1980

Gross Ton Miles Per Gallon (Thru)! 430,22
Percent of Cars Handled Emrty (Thru)! 50.97
Gallons Per Train (Thrul!l 1378.45
Gallons Per Train (Switch & Local)! . 114,15
Gsllons Per Train (Psssenger)! | 66.335
Gallons P;r Locomotive Unit Nile (Thru)? 2.96
Locomotives Per Gross Ton (Thru)?l + 00073
Locomotives Per Train (Thru)l 2.61
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B & M ENERGY USE STUDY

FUEL USE STATISTICS FOR JUNE» 1980

Gross Ton Miles Per Gallon (Thru): 459.78
Percent of Cars Handled Emrtw (Thrud$ 30.66
Gallons Per Train (Thru)!l 1541.20
Gallons Per Train (Switch & Local)! 118.93
Gsllons Per Train (Passenser)! 67.01
Gasllons Per Locomotive pnit Mi.e (Thru)l 3.05
Locomotives Per Gross Ton (Thru)?l «00071
Locomotives Per Train (Thru)l 2.73

76



B & M ENERGY USE STUDY

. FUEL USE STATISTICS FOR JULY» 1980

Gross Ton Miles Per Gallon (Thru)$ 461.55
Percent of Cars Handled Emrtw (Thru)! S2.61
Gallons Per Train (Thru)! 1391.43
Gallons Per Train (Switch & Locsal)$ 123.9

Gallons Per Train (Passenser)! ‘ 58.63
Gsllons Per Locomotive Unit Mile (Thru)! 2.80
Locomotives Per Gross Ton (Thru)l + 00077
Locomotives Per Teain (Thrull 2.69
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B& M - {ERGY USE STUDY

FUEL USE STATISTICS FOR AUGUST. 1980

Gross Ton Miles Per Gallon (Thru)$ 436.67
Percent of Cars Handled Eartw (Thru)$ S50.74
Gallons Per Train (Thru)! 1575.35
Gallons Per Train (Switch & Local)! . 124,59
Gallons Per Train (Passenser)! 70.70
Gallons Per Locomotive Unit Mile (Thru)! 3.09
Locomotives Per Gross Ton (Thru)! +00074
Locomotives Per Train (Thru)l 2.66
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APPENDIX K

FUEL USE STATISTICS, CUMULATIVE AVERAGE TO DATE

The table in K contains cumulative train fuel use statistics

for each month over the period from December, 1979 to August, 1980.
The statistics are developed by combining fuel consumption data from
Appendix G with train operations data from Appendix I for the purpose
of analyzing trends in Thru Freight Train performance. The fuel
use statistics for Thru Freight Train operations includc the
following:

= Gross ton-miles per gallon

= Percent of cars handled empty

= Gallons per train

= Gallons per locomotive unit mile

= Locomstives per gross ton

= Loconwtives per train

The table also provides gallon per train statistics for Switch
and Local trains and Passenger trains.



B & M ENERGY USE STUDY
AVERAGE FUEL USE STATISTICS
FOR PERIOD: DECEMBER, 1979 THRU AUGUST» 1980

Gross Ton Miles Per Gallon (Thru)? 446,25
Percent of Cars Handled Emrtw (Vhru)$ S50.38
Gallons Per Train (Thru)$ 1471.22
Gallons Per Train (Switch & Local)! 114.16
Gallons Per Train (Passenser)! | 73.66
Gsllons Per Locomotive Unit Mile (Thru)! 2.91
Locomotives Per Gross Ton (Thrul!l «00077
Locomotives Per Train (Thru)? 2.70



APPENDIX L

DIESEL FUEL CONSUMED BY MONTH AND TYPE OF SERVICE

The bar chart in Appendix L shows the ntbly trend in
total diesel fuel consumption over the pericd from December, 1979
to August, 1980. The bar for each month 4s divided intc¢ three
components showing the amount of fuel consumed by Thru Freight,

Local and Switch,and Passenger train operatimms.
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APPENDIX M

THRU FREIGHT DIESEL FUEL CONSUMED BY MONTH
The bar chart in Appendix M shows the monthly trend in total

Thru Freight diesel fuel consumption over the period from December,

1979 to August, 1980.
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APPENDIX N

THRU FREIGHT TON MILES HANDLED BY MONTH

The bar chart in Appendix N shows the monthly trend in

total Thru Freight ton miles over the period from December, 1979
to August, 1980,
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APPENDIX O

GROSS TON MILES PER THRU FREIGHT GALLON BY MCNTH

The bar chart in Appendix O shows the monthly trend in
gross ton-miles per gallon for Thru Freight Train operations over
the period from Deceaber, 1979 to August, 1980, The informatiom
was developed by normalizing the monthly Thru Freight fuel consump-
tion data in Appendix M by the monthly Thru Freight ton-miles
data in Appendix N.
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