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COAL BURNING LOCOMOTIVE STUDY 

EXF.CliTIVE SUMMARY 

A coal burning locomotive study was conducted with Burlington-Northern and 
Norfolk Southern sponsorship, and later with additional funding from the 
United States Department of En@rgy. The objectives of the study were to 
validate the f~asibility of coal as a fuel substitute and a locomotive design 
which uses it. This included tests and studies to understand or overcome 
technical barriers and to determine economic benefits plus any reouired 
changes to railroad infrastructure. The locomotive ootions studied. w@rP. 
limited to those that use electric drives, capable of being environmentally 
acceptable, and applicable to all domestic railroads; i.e., not designed for a 
~nique applic~tion on one or two railroads. The study excluded railroad 
electrification, stirling engines, fuel cells, and reciprocating steam engines. 
Also excluded were liquified coal fuel, wayside coal gasification and coal 
combustion on conventional grates. Coal was not to be considered as an 
.. emergency .. fuel due to a sudden unavailability of diesel fuel. 

Many coal locomotive alternative designs were considered and the five mo~t 
attractive alternatives are presented in this report. The main features and 
results of these locomotive alternatives are summarized below. 

AL TERNATIVF.: HP FUEL MANUFACTURABIL!TY 

Single Unit Diesel 3800 cws ~equires engine & fuel development 
2-Unit Gas Turbine sqon Ct~S Requires engine & fuel development 
j-I.Jnit Gas Turbine w/Stearn AOOO Cl~S Unattractive 
3-Unit Gasifier Gas Turbine 8000 ROM Unattractive 
3-Unit Steam Turbine ROOO ROM Unattractive 

Only the coal slurry fired diesP.l and the coal slurry fir~d simple cycle gas 
turbine look attractive to the manufacturer. Further, the gas turbine is only 
margina11y attractive; i.e., railroads would have to accept a DCP.R of less 
than 15% before it would bP. attractive to manufacture. The simple cycle gas 
turbine should continue to be developed as the fall-back alternative to the 
diesel, should technir.al development difficulties arise. Should the price of 
diesel fuel rise, the simple cycle turbinP.'s attractiveness will gain relative 
to the coal diesel alternative. This is due to the assumption as to the need 
for some diesel oil injection for the diP.sel and not for the turbine, which 
remains to be proven by development. Both these alternativ~s require engine 
and fuel development. 

The other three alternatives studied arP. unattractive to a locomotive manufac­
turer because of the low estimated allowable increase in locomotive selling 
price which would qive the railroads a fair return on their investment. 

A coal-fired locomotive using coal water slurry fuel and a diesel engine or a 
gas turbine, merits further technical development. The diesel engine locomo­
tive could save the nation's railroads 5350 million/year in operating expense 
which represents 15% to 20~ return of their investment. Coal slurry fuel 
development processes also look promising. However, additional funding must 
be generated to cover the manufacturer's engine development costs, which are 
estimated to be about $40 million for the diesel engine only. Assuming ·the 
manufacturer would share in 1/~ the market of 6000 diesel locomotives, a 

iii 



COAL BURNING LOCOMOTIVE STUDY 

Executive Summary (continued) 

simple analysis would indicate an additional locomotive cost of about 514,000 
per locomotive would be required to cover the development cost. 

However, the development funds are upfront money, and they represent a sizable 
risk to the locomotive manufacturer who is not assured of recouping this 
investment. Furthermore, given the tough current railroad business climate 
(caused by deregulated competition and low or no growth of traffic), the 
railroad indus.try will be hard pressed to risk scarce capital on long term 
development projects. Thus, the risks (and rewards) may have to be shared by 
all, and more federal government support may be needed if a coal-fired 
diesel-electric locomotive is to becom' a reality. 

iv 



COAL BURNING LOCOMOTIVE STUDY 

INDEX 

I. RESULTS 

A. 
B. 
c. 
D. 
E. 
F. 

Introduction 
Technical and Environmental Considerations 
Railroads' Financial Expectations 
Locomotive Manufacturer's Expectation 
Summary 
Conclusions 

II. FUEL COST SAVINGS 

A. 

B. 

c. 
D. 
E. 
F. 

Estimated Cost of Micronized Superclean Coal 
in Coal-Water Slurry (CWS) with 50% Coal Loading 
Estimated Cost of ROM Coal For Fluid Bed Steam 
Turbine and Gasifier Concepts 
Duty Cycle Fuel Calculations . 
Appendix 'A' - Spreadsheets for Various Concepts 
Appendix 'B' - Equations for Spreadsheets 
Appendix 'C' - Deriv~tion of Diesel Efficiency 
Using Slurry Coal Fuel 

III. MAINTENANCE COSTS 

A. 
B. 
c. 
D. 
E. 
F. 

Background 
Planned Maintenance 
Unplanned Maintenance Estimate Procedure 
Maintenance Cost Estimates 
Source of Cost Estimates 
Coal Burning Diesel Locomotive 

IV ... AVAILABILITY 

A. 
B. 
c. 
D. 
E. 
F. 

G. 

H. 

Background 
Method 
Availability Results for Various Options 
Calculatirins far· Coal Burning Diesel Locomotive 
Calculations for Coal Buring Gas Turbine Locomotive 
Calculations for Gas T~rbine Locomotive with 
Steam Injection 
Calculations for Gas Turbine Locomotive 
Burning Gasified Coal 
Calculations for Steam Turbine Locomotive 

v 

I-1 
I-3 
I-44 
I-64 
I-65. 
I-68 

II-1 

II-24 

II-54 
II-65 
II-78 
II-84 

II I-1 
II I-1 
I II-2 
II I-3 
III-10 
III-11 

IV·1 
IV-1 
IV-2 
IV-3 
IV-5 
IV-6 

IV-7 

IV-8 



COAL BURNING LOCOMOTIVE STUDY 

INDEX {continued) 

V. RELIABILITY OF VARIOUS CONCEPTS 

A. 
B. 
c. 
D. 
E. 

F. 

G. 

Approach and Rationale for Estimates 
Summary of Results 
Target Prediction - CWS Burning Diesel Locomotive 
Target Prediction - CWS Burning Gas Turbine 
Target Prediction - CWS Burning Gas Turbine 
with Steam Injection. 
Target Prediction - ROM Coal Gas Turbine with 
Gasifier 
Target Prediction - ROM Burning Steam Turbine 

VI. COAL PROCESSING PLANT CAPITAL COSTS 

A. 
B. 
c. 
D. 
E. 
F •. 
G. 
H. 

Forw.:~rr! 

Cap1ta1 Cost Estimate for a 135 Tun/Huur·cws Plant 
Capital Cost Estimate for a 450 Ton/Hour CWS Plant 
Capital Cost Summary for CWS Plants 
Appendix - Coal Processing Capital Costs 
Appendix - Process Power Utilization for CWS Plants 
Appendix - References 
Capital Cost Estimates for ROM Coal Fueling Stations 

VII. PROBABLE MARKET 

A. 
B. 
c. 
D. 

Forward 
Rationale for Market Evaluation 
Locomotive Probable Market and Fuel Consumption 
by Technology 
Probab1e Market Analysis for Coal Burning 
Locomotives 

VIII. ECONOMIC ANALYSIS 

A. 
B. 
c. 
D. 
E. 
F. 

G. 
H. 

Forward 
Economic Analysis Spreadsheet Explanation 
Sample Analysis Spreadsheet 
CWS Burning Diesel Locomotive 
CWS Burning Gas Turbine Locomotive 
CWS Burning Gas Turbine Locomotive with 
Steam Injection 
ROM Coal Gasifier Gas Turbine Locomotive 
Fluid Bed Steam Turbine Locomotive 

vi . 

V-1 
V-2 
V-3 
V-5 
V-7 

V-9 

V-11 

VI-1 
Vl•2 
VI-11 
VI-15 
VI-18 
VI-25 
VI-27 
VI-28 

VII-1 
VII-1 
VII-3 

VII-11 

VIII-1 
VII I -4 
VTTT-12 
VIII-13 
Vlll-25 
VIII-37 

VII I-49 
VIII-57 



COAL BURNTNG LOCOMOTIVE STUDY 

I. RESULTS 

Page 

A. Introduction I-1 

B. Technical and Environmental Considerations I-3 

0. Oil Fired Diesel Electric Locomotive (Baseline) 

1. Coal Fired Diesel Electric Locomotive 

2. · Direct Burn Simp 1 e Cyc 1 e Gas Turbine 

3. Direct Burn Steam Injection Gas Turbine 

4. ROM Gasified Steam Injection Gas Turbine 

5. ROM Fluidized Bed Steam Turbine 

C. Railroads' Financial Expectations 

0. Evaluation Procedure 

1. Coal Fuel Costs 

2. Fuel Cost Savings 

3. Incremental Maintenance Costs 

4. Incrementa 1 !11 frastructure Capita 1 Costs 

5. Fleet Size and Fuel Consumption 

6. DCRR Analysis 

D. Locomotive Manufacturers• Expectations 

E. Summary 

F. Conclusions 

I-0 

I-44 

I-64 

I-65 

I-68 



COAL BURNING LOCOMOTIVE STUDY 

I. RESULTS 

A. Introduction 

The coal burning steam locomotive was displaced many years ago by the 
diesel electric locomotive which has well-known advantages. However, 
the recent escalation of diesel fuel oil prices and the relatively 
inexpensive and plentiful coal supply provides an incentive to relook 
at coal burning electric locomotives. 

The success of the diesel electric locomotive is really the result of 
two major technological changes: 

. The diesel engine 
• The electric drive transmission 

With the diesel electric locomotive we obtained several advantages: 

. The smooth, controlled application of power to the rails, via 
electric motors, reduced the locomotive weight by nearly 30% . 

. Track maintenance was reduced by eliminating reciprocating 
vertical forces . 

. More horsepower is applied at low speed improving train accel­
eration. 

Today's diesel engine now produces nearly as much horsepower as the 
largest steam locomotives but with less maintenance, higher reli­
ability, and increased availability. 

The current cost of diesel fuel is high enough to encourage a return 
to less expensive domestically available coal fuel. However, it 
would be a step backward to lose the advant~aes of the diesel 
Glectric lucomot1V~. 

About 3 years ago, the General Electric Company embarked upon a study 
to evaluate various alternatives fnr the design and manufaclure a 
coal fired locomotive considering various prime movers, but retaining 
the electric dri~e transmission. The initial study was supported by 
the Burlington-Northern and Norfolk-Southern railroads, and included 
the following alternatives: 

• Coal fired diesel locomotive 
. Direct fir~d gas turbine locomotive 
• Direct fired gas turbine locomotive with steam injection 
• Raw coal gasifier gas turbine locomotive 
• Raw coal fluid bed steam turbine locomotive 
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COAL BURNING LOCOMOTIVE STUDY 

I. RESULTS 

PART 

0 
1 

2 

3 

4 

5 

A. Introduction (continued) 

All of the above alternatives use the electric drive transmission and 
were selected for final evaluation. Other alternatives were studied 
and rejected for final evaluation because of feasibility or economic 
considerations. 

The first three alternatives would use a coal water slurry as a fuel, 
which must be produced by new processing plants. Therefore, use-of a 
slurry would require a significant plant capital investment. 

The last two alternatives would use classified run-of-the-mine (ROM) 
coal w1th much less capit~l expenditure. Coal fueling stations would 
be reqyired but are significantly lower in capital cost than a coal 
slurry plant. -

Further development of the coal fired diesel alternative has recently 
been sponsored by the U.S. Department of Energy. Documentat1on of 
the economic analysis for this alternative has been reported by 
General Electric on October 4, 1985. 

For any coal fired locomotive to be commercially viable, it must pass 
all three of the following criteria: 

. Be technically feasible and environmentally acceptable . 

. Meet railroads' financial expectations . 
• Offer an attractive return to the locomotive manufacturer. 

These three criteria are reviewed in Sections B, C, & D respectfully. 

The five coal burning locomotive alternatives are evaluated and 
compared to~ baseline. modern oil fired diesel electric locomotive. 
A general configuration comparison of the locomotive·concept5 iS 
shown below: 

LOCOMOTIVE PRIMARY CONFIG-
TYPE FUEL USAGE URATION HP 

Oil Fired Diesel (Baseline) Oil 1 Unit 3800 
Coal Fired Diesel Coal Slurry 1 Unit 3800 
Direct Burning Gas Turbine Coal Slurry 2 Unit 5900 
Direct Burning Gas Turbine Coal Slurry 2 Unit + 8000 
w/Steam Injection Tender 
Gasified Coal Burning Gas Raw Coal 2 Unit + 8000 
Turbine w/Steam Injection Tender 
Fluidized Bed Boiler Raw Coal 3 Unit 8000 
Feeding a Steam Turbine 
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COAL BURNING LOCOMOTIVE STUDY 

I. RESULTS 

8. Technical and Environmental Considerations 

0. Oil Fired Diesel Electric Locomotive (Baseline) 

General 

The present design of diesel electric locomotive is the base 
against which all alternatives are to be judged. The General 
Electric "Dash 8" 6-axle model with a 16-cylinder engine and 3900 
gallon fuel capacity (1000 mile range) is the specific model used 
for comparison (Fig. I.B.l). Selected performance factors for · 
the locomotive are given in this section for comparison with 
other design options. 

Fuel Requirements - Diesel Fuel No. 2 

In establishing the on-board storage requirements for each 
locomotive design, several factors must be considered: 

. The need to keep each individual axle load not greater than 
70,000# . 

. The desire to match the horsepower hour capability of the 
present locomotive, expressed in terms·of approximate range. 

The net weight change when carrying minimum fuel does not leave 
the locomotive too light to achieve. the required tractive 
effort. 

A locomotive of this type will burn between 280,000 and 440,000 
gallons of diesel fuel annually, depending on the type of service 
with i range of approxim~tely 1000 miles~ 

Prime Mover Thermal Efficiency 

.An inherent characteristic of the diesel engine is its relatively 
high thermal efficiency which prevails from about 10% to 100% 
rated power. This characteristic makes it very suitable for 
locomotive type service which demands variable power levels, for 
various amounts of time (duty cycle). This characteristic is 
depicted below (Fig. I.B.2). 
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COAL BURNING LOCOMOTIVE STUDY 

I. RESULTS 

B. Technical and Environmental Considerations 

0. Oil Fired Diesel Electric Locomotive (Base Line) (continued) 
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Fig. 1.8.2 

Emissions 

The total exhaust emissions from the present oil fired diesel 
locomotives is a function of the fuel quality, and are typically: 

NOx co HC SOx Particulate 

l Grams/HP-Hr 10.7 1.8 0.6 1. 5* . 0.3 

*Sulphur quantity in fuel = 0.5% 
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COAL BURNING LOCOMOTIVE STUDY 

I. RESULTS 

B. Technical and Environmental Considerations 

0. Oil Fired Diesel Electric Locomotive (Baseline) (continued) 

Other Standards of Comparison 

Reliabilit~ - A frequently used measure of reliability by 
railroads 1s that of road delays caused by .equipment failure. 
Present day locomotives achieve high reliability of about 240 
Mean Days Between Road Failures resulting from about 30 - 40% 
of 3.1 component failures per year. Reliability is con­
sidered to be an important factor in any final evaluation. 

Maintenance--$69,000 to $79,000 eer year - Maintenance costs 
are a direct input to the econom1c analysis. Such costs 
figure as prominently in value detenninatlon a~ do~s fuel. 

The baseline modern oil burning diesel locomotive of today is 
highly utilized; kept as busy as possible pulling trains. 
While pulling these trains, as indicated above, this base 
11ne locomotive will consume between 280,000 and 440,000 
gallons of fuel oil per year. Our maintenance cost study has 
determined that this·highly utilized locomotive requires 
between $69,000 and $79,000 respectively in annual mainte­
nance. 

Availability--93% - Availability is commonly defined as the 
percent of operating time that the locomotive iE available 
for use und is ubout 93%. This includes the time that the 
locomotive is withdrawn from service and turned over for 
maintenance, repair, or overhaul. The 7% loss does not 
include time spent fueling and servicing the locomotive, wreck 
repair, or out of service due to business conditions. 
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COAL BURNING LOCOMOTIVE STUDY 

I. RESULTS 

B. Technical and Environmental Considerations 

1. Coal Fired Diesel Electric Locomotive 

General Description 

Figure I.B.3 shows a cross-section of a coal fired diesel 
locomotive (CFDL). It is similar to an oil fired diesel 
locomotive (OFDL), the difference is in the fuel storage and. 
handling equipment. This results in a locomotive with 6 axles at 
70,000#/axle fully loaded, and about 6 feet longer than today•s 
6-axle OFDL. This added size is a direct result of the need to 
carry more volume of fuel and still maintain about 1000 mile 
range between refueling. At the end of the trip, the locomotive 
weight is estimated to be 59,000#/axle (fuel tanks empty). 

An auxiliary heat exchanger and circulating pump is provided to 
warm the fuel to keep it from freezing. 

Propulsion, electric braking, air brakes and radiator systems are 
identical to the OFDL base line Dash 8 production model. 

Coal Fired Diesel Engine 

Rudolf Diesel,.the inventor of the compression ignition engine, 
·unsuccessfully experimented with coal. Between 1911 and 1940, 
one of Diesel's co-workers, Rudolf Pawlikowski, made significant 
advances and demonstrated the operation of engines on fuels 
ranging from flour to hard coal. Also, during this period, 
several people built and tested in Germany and Austria, some 19 
experimental engines operating on coal dust; from 1 to 154 
litres/cylinder, and fro~.160 to 1600 RPM. The engines used coal 
dust, not slurry fuels, with ash contents generally greater than 
3%. It can be concluded from this early work that theoretically, 
coal fueled engines can be made to operate with speeds and 
efficiencies comparable to oil fired diesel engines, but that 
more work is needed in the areas· of fuel development, fuel 
injection sy~tems, and engine wear and lubrication. 

Within the past five years or so, there has been a renewed 
interest in the development of coal fuels, and coal fueled 
internal combustion engines. Physical and chemical coal cleaning 
processes are both being developed which will comminute coal to 3 
to 5 micron mean size, and clean the coal to an ash content below 
.2%. Generally speaking, the low ash content should significant­
ly reduce engine wear and lubrication problems. The process 
dev~lopments are currently at the pilot scale stage and are now 
ready for full scale trials. 
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COAL BURNING LOCOMOTIVE STUDY 

I. RESULTS 

B. Technical and Environmental Considerations 

1. Coal Fired Diesel Electric Locomotive 

Coal Fired Diesel Engine {continued) 

Because of the difficulties· in handling and transporting dry 
powdered fuels, within and externally to the engine, it is felt 
that coal in liquid·slurry form offers significant advantages. 
In a diesel engine, it would appear that coal-oil mixtures would 
minimize the fuel characteristic differences, with oil to initi­
ate and ensure complete combustion of the less certain coal 
particles. However, coal content appears to be limited to about 
50% by weight iri the mixture. Higher concentrations of coal in 
the oil increases the viscosity of the mixture making high speed 
injection nearly impossible. · 

Economically, however, there simply is not enough of a fuel cost 
savings with only 50% coal loading to warrant the development of 
a diesel locomotive using coal-oil mixture for fuel. It appears 
that recently this economic conclusion is being reached even in 
non-engine coal-oil slurry applications. The far more ecoromi­
cally attractive concept of using coal water slurry {CWS) as 
fuel has the attention of at least two companies, namely, GE and 
Sulzer Bros. of Switzerland. 

Engine grade fuel is being developed.by several companies 
including AMAX Extractive Research and Development, Inc., and 
Otisca Company, both of which have supplied fuel for diesel 
engine research. The AMAX process can be classified as primarily 
a chemical cleaning process, whereas the Otisca process is a 
mechanical cleaning process. Neither company is presently in 
commercial plant production. Conceptual plant designs are being 
developed and a conceptual plant based on the Otisca process was 
developed and used in this economic study. 

1Assuming: Diesel fuel @ $.85/gal & 18,400 BTU/lb = $6.18/106 BTU 
Micronized Clean Coal @ 14,000 BTU/lb = $3.00/106 BTU 

then, Savings using Coal/Oil Slurry@ $4.81/106 BTU= 22%. 
Savings using Coal/Water Slurry @ $3.00/106 BTU = 51% 
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COAL BURNING LOCOMOTIVE STUDY 

I. RESULTS 

B. Technical and Environmental Considerations 

1. Coal Fired Diesel Electric Locomotive 

Coal Fired Diesel Engine (continued) 

General Electric (as part of this study) 1 and Sulzer Company have 
developed experimental fuel systems to inject fuel slurries. Both 
have run single cylinder engines with coal-water slurries under 
various load and temperature conditions. General Electric, at 
its Research and Development Laboratory, has been and continues 
to perform theoretical combustion experiments in a combustion 
11 bomb" which provides direction to engine developments.2 

Sulzer's testing of a 120 RPM slow speed, two3 stroke, loop 
scavenged diesel has shown: 

• Excellent ignition and combugtion r@!ults using 47 to 50% ~udl 
loaded water slurry and with 1 to 5% standard diesel fuel (DF2) 
pilot injection • 

. Thermal efficiencies ·are comparable to diesel fuel oil engines. 

Preliminary wear results indicate 50 to 75 times increase in 
ring wear and 10 to 20 times liner wear over oil engines using 
the same materials. 

General Electric testing of a 1000 RPM medium speeds four-stroke 
locomotive diesel enginel has shown that: 

Excellent ignition and combustion are obtained using about 47% 
coal loaded water slurry and various DF2 pi1ot injection 
schemes of less than 5% total heat content. 

Thermal efficiency of a coal fired diesel engine is equal to 
the oil fired diesel engine except for the loss of the latent 
heat of vaporization from the water in the coal slurry fuel. 
At this point in the development, it is felt that the engine 
will idle on diesel fuel and pilot injection (less than 5%) 
will be required even at full power conditions to assist 
timely combustion initiation. The thermal efficiency of the 
coal-fired diesel enqine is depicteq below (Fig. 1.8.4). 

1Hsu, Bertrand D., Ignition Studies of CWS in GE7FDL Engine, GE Report 
86DTSD001, 1986. 

2Leonard, G. and Fiske, G., Coal Slurry Combustion Characteristics in a 
Medium-Speed Diesel Engine Environment, GE Report 84CRD304, December, 1984. 

3steibe, H. A., Sulzer Single-Cylinder Test Results with Various Coal-Water 
Slurries, presented at Coal Fueled Diesel for Cogeneration Seminar, 7/25/85, 
Rosemont, IL. 
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COAL BURNING LOCOMOTIVE STUDY 

I. RESULTS 

B. Technical and Environmental Considerations 

1. Coal Fired Diesel Electric Locomotive· 

Coal Fired Diesel Engine (continued) 

IIII'VT '0 TUCT 011 AI. !M1 ,Till 

IG .. 
OIL FIUD DlE.S!l. IIIU'I lte 

.. 
.... I"'"" ... l,..) 

"""" J'Cl "' ~ I--!"''; 

j[.o... j...--" r-- r- COAL FIREII DIE.Sil. 

~W 

2D 

~ t-
D OUTl CYCLE HFICIEIICY t-t-

OIL FIRED DIESEL (REF) J9.n r- t-
COAL FIRED DIESEL 35.!11 t- t-

t- t-

0 

o a 211 » e » • ~ ~ • m 
% Pa'lfR 

Fig. !.8.4 

Very little new wear testing has been done to date and it must be 
understood that a significant development will be required to 
obtain an acceptable coal fired diesel engine (CFDE). However, 
modern materials appear to offer an approach which theoretically 
can provide engine attrition rate reduction of two orders of mag­
nitude from presently used materials but with accompanying higher 
material cost, to produce a CFDE engine with a life expectancy of 
today's OFD engine. In making this economic analysis, these 
additional material costs have been added. 
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COAL BURNING LOCOMOTIVE STUDY 

I. RESULTS 

··"to 

B. Technical ahd Environmental Considerations 

1. Coal Fired Diesel Electric Locomotive 

Exhaust Emissions 

The coal water slurry fuel which is proposed for the diesel 
engine will be accompanied by a small amount of diesel fuel 
pilot, thus, the fuel will contain at least some level of all the 
emissions of diesel fuel as well as the emissions of the coal 
itself. It is apparent that the emissions from the engine will 
be a function of the cleanliness of the micronizP.d and processed 
coal fuel. The cleaning of the exhaust is probably best accom­
plished as a fuel rather than using aftP.r combustion technique~. 
The exhaust emission~ will also be influenced by the myriad uf 
engine parameters which are now only partially understood. Since 
coal slurry exhaust enrission test1ng of diesel engines is nearly 
non-existent, only estimates can be made of the quantity of 
emissions. These emissions will be compared with present .day 
locomotive diesel exhaust. 

NOx formation is combustion process related 1. GE diesel engine 
testing revealed a 50% reduction in NOx using diesel fuel 
emulsified with 30% water.2 Additional testing with 20% coal in 
diesel fuel (no water) was done.3 The additional fuel bound 
nitrogen in the coal (many orders of magnitude greater) produced 
no measurable increase in NOx, which would indicate that the NOx 
1s primarily thermal NOx. Since the water lowers the peak local 
temperatures and NOx is reduced, it is estimated that the NOx 
formation in a coal fired diesel enyine w111 be about half that 
of the oil fired diesel. Preliminary test results by Sulzer 
Company4 also substantiate this estimate. 

Carbon monoxide (CO) is formed in the intermediate combustion 
stages, due to lack of oxidants and/or low temperature, and is 
also combustion process dependent. All other things being equal, 

1MIT Report, 1984: Farmayan et al., NOx- Carbon Emission Control in 
Coal-Water Slurry Combustion. 

2B.D. Hsu: Combustion of Water-in-Diesel Emulsion in an Experimental Medium 
Speed Diesel Engine. SAE Paper 860300, 1986. 

3B.D. Hsu: Combustion eed GE-7FDL Diesel 
Engine. G •. 

4steiger, H.A.: Sulzer Single-Cylinder Test Results with Various 
Coal·Water Slurries. Presented at Coal-Fueled Diesel for Cogeneration 
Seminar, 7/25/85, Rosemont, IL. 
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RESULTS ~.) 

B. Technical and Environmental Considerations 

1. Coal Fired Diesel Electric Locomotive 

Exhaust Emissions (continued} 

the lower combustion temperature, due to the water in the slurry, 
should result in higher formation of CO. Using two different 
coal water slurry fuels, Sulzer Company's limited testing 
obtained both an increase (150%} and a decrease (50%} in CO 
formation, respectively. A 100% increase ·in CO over oil fired 
diesels is courageously estimated. 
Hydrocarbon emissions are due primarily to incomplete combustion 
by quenching, impingement, late or bad atomization. It is 
assumed that the quantity of HC produced is at least proportional 
to the amount of diesel pilot fuel. Coal-water-slurry 
combustion, however, seems to follow the sequence water . 
vaporization, ignition, burning of volatiles, burning of char. 
Thus, if the char has had time to burn, one should expect nearly 
complete combustion of the volatiles. It is estimated·that the 
coal portion of the HC emission contribution is negligible, and 
with 16% diesel fuel (over the duty cycle} HC emissions will be 
about 16% of the oil diesel engine. 

It is assumed that all of the sulfur present in the fuel (slurry 
plus pilot} will be converted to SOx. Thus, SOx is highly 
dependent upon the coal cleaning process. 

Particulates are produced from the ash in the fuel as well as 
agglomerated carbon particles. Boiler studies of burning CWS 
indicated that the ash contribution was 20% to 60% of the 
particulate emissions. Using coal with a maximum of 0.2% ash 
content, approximately 0.4 grams of ash will pass through the 
engine per brake HP-hour. In the absence of better data, the 
particulates are estimated to be .7 to 2 grams/HP-hour. 

In summary, 

Emissions Estimate (Grams/HP-HR} 

NOx co HC SOx Particulates 

Oil Fired Diesel 10.7 1.8 0.6 1. 5* 0.3 
Coal Fired Diesel 5 to 6 3.5 to 4 .06 to 0.1 3.0** 0.7 to 2.0 

* 1/2% sulfur fuel oil 
** .7% sulfur in cleaned, process coal 
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I. RESULTS 

B. Technical and Environmental Considerations 

1. Coal Fired Diesel Electric Locomotive (continued) 

Fuel Systems 

Diesel fuel only will provide idle and first power level input. 
Further experimentation is required to determine the quantity of 
pilot diesel fuel at various other power levels. Over the duty 
cycle, it is assumed that 16% of the total fuel used will be 
diesel fuel. 

Coal water slurry is drawn from the main tank, then introduced 
directly 1nto the engine slurry injection system. 

During periods of below freezing temperatures. the diesel engin~ 
is allowed to run continuously. Jacket water at approximately 
165°F passes through a heat exchanger, which provides he~t to 
coils in the main insulated fuel tank. 

The fuel tanks, pumps and piping must be material such as 
stainless steel or a lined material, to prevent corrosion. 
Because the fuel is a slurry, filtering will be minimal. 

Cooling System 

A dual cooling system is anticipated, separating the intercooler 
circuits from the water jacket circuit. This will allow 
independent inlet manifold temperature control which may be 
required using a coal slurry fuel. Water pumps, intercoolers, 
radiators and fans will be of conventional locomotive design. 

Propulsion Equipment and Running Gear 

The propulsion equipment, control and running gear will be the 
same general design as that used in today•s locomotives. 

Technical and Environmental Summary 

A locomotive size, medium speed, coal-fired diesel engine is 
feasible, and will provide acceptable performance, reliability, 
and maintenance. The initial cost and maintenance for a coal 
firr.d diesel will be higher than an oil fired which has been 
included in this economic analysis. Further, it is believed that 
a satisfactory CWS fuel and fuel process can be developed in a 
timely fashion to meet the engine needs. 

It is further believed that the engine and its fuel could be 
developed within a time frame of 5 to 8 years, with sufficient 
economic incentive. 
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COAL ING LOCOMOTIVE STUDY 

I. RESULTS 

B. Technical and Environmental Considerations 

2. Direct Fired Gas Turbine Locomotive (DFGTL) 

General Description 

About 1960, the Union Pacific Railroad purchased a small quantity 
of gas turbine powered locomotives from the General Electric 
Company which utilized Bunker COil. These locomotives were 
operated in revenue service for a few years and subsequently 
retired by the Union Pacific. 

One of the major problems in the use of these early gas turbine 
(vs diesel) prime movers is the inherent high SFC at part load 
operation, which was one of the main reasons why UP retired these 
locomotives. More modern two-spool turbines have greatly reduced 
this part load high SFC problem. 

Again, with the recent escalation of diesel fuel prices, 
attention is directed toward development of various coal burning 
locomotive options, including the DFGTL which will use coal water 
slurry (CWS). 

A gas turbine of approximately 5900 HP can be accommodated in a 
unit shorter than the prese~t diesel equivalent. Fuel storage of 
only 2600 gallons is on the locomotive, so a tender of 14,000 
gallons is utilized. This minimizes the weight change and 
resultant adhesion loss. The tender is ballasted to a minimum 
weight of 32,900# per axle to .minimize train handling problems 
that result from a light car at the beginning of a train. The 
locomotive is capable of operation without a tender at a reduced 
range (Fig. !.8.6- a fnlrl-out). 

The turbine output shaft is coupled to a planetary gearbox which 
is coupled to an alternator at a suitable RPM. The alternator 
will incorporate an integral auxiliary alternator similar to that 
employed in the base line oil fired diesel. 

Weight is not a problem with this engine since a gas turbine is 
inherently considerably lighter than a diesel engine. 

Horsepower per axle is 737 with eight powered axles as shown. A 
6-axle version is also possible for high speed service at 980 HP 
per axle and reduced continuous and starting tractive effort. 
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COAL BURNING LOCOMOTIVE STUDY 

RESULTS 
\ .. 

B. Technical and Environmental Considerations 

2. Direct Fired Gas Turbine Locomotive 

Gas Turbine Engine 

The GE27 General Electric Gas Turbine engine was selected as the 
most suitable engine to be used. It is still in the prototype 
stage, but incorporates the most modern techniques for perform­
ance, fuel efficiency, maintenance, and cost. It is similar and 
closest in rating and size to the fully developed GE LMSOO 
engine. Preliminary testing using coa.l slurry fuel would be 
accomplished using the LMSOO turbine hardware. Combustor designs 
must be optimized for CWS operation. They will require more 
length ror adequate burning or coal particles which will require 
additional space. 

An engine design is shown below (Fig. I.B.S} based on the LMSOO, 
but showing a sketch based on proposed combustor modifications 
for burning coal. The final engine will be based on the GE-27 
and will be significantly shorter in length and weigh less than 
1000 pounds. 

CC»!PRESSOR 
SECT! Oil 

t--1.---------~" 

1ST STAGE (HOT SECTION) 
TURBINE FAN COMPRESSOR 

DRIVE 

GENERAL ELECTRIC GAS TURBINE ENGINE SHOWING 
PROPOSED cHANGES FOR BuRNING coAL 

Fig. I.B.S 
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COAL BURNING LOCOMOTIVE STUDY 

I. RESULTS 

B. Technical and Environmental Considerations 

2. Direct Fired Gas Turbine Locomotive 

Gas Turbine Engine (continued) 

The gas turbine engine rating is noticeably affected by ambient 
temperature as depicted below (Fig. I.B.7). 

1.10· 
1.00 

• 90 

.80 

.70 

.60 

.50 

.40 

30 40 50 

5000 HP (DF2} 
s 9oo HP (cws) 

3500 (HP OF~ 
4130 lHP cws) 

60 70 80 . 90 100 110 120 
AMBIENT TEMPERATURE (°F) 

APPROXIMATE GE27 RATINGS USING COAL WATER SLURRY 

Fig. I.B.7 

Notice the HP using CWS is considerably increased over DF2. This 
is due to the increase in mas~ flow through the engine from the 
water content 1n the slurry. Engine thermal efficiency is also 
somewhat enhanced using CWS. The thermal efficiency 1s dep1cted 
below compared to the oil fired diesel engine (Fig. 1.8.8). 

Within the past 5 years or so, there has been a renewed interest 
in the development of coal fuels, and coal fueled internal 
co•nbustion engines. Physical and chem1ca1 coa1 c1eaning 
processes are both being developed which will comminute coal to 3 
to 5 micron mean size, and clean the coal to an ash content below 
0.2%. ·Generally speaking, a lower ash content should signifi­
cantly reduce enqine wear and lubrication problems. The process 
developments are currently at the pilot scale stage and are now 
ready for full scale trials. 
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COAL BURNING LOCOMOTIVE STUDY 

I. RESULTS 

B. Technical and Environmental Considerations 

2 Direct Fired Gas Turbine Locomotive 

Gas Turbine Engine (continued) 

Because of the difficulties in handling and transporting dry 
powdered fuels, within and externally to the engine, it is felt 
that coal in liquid slurry form offers significant advantages. 
In a turbine engine, it would appear that coal-oil mixtures would 
minimize the fuel characteristic differences, with oil to 
initiate and ensure complete combustion of the less certain coal 
particles. However, coal content appears to be limited to about. 
50% by weight, because the high viscosity makes pumping and 
injection difficult. 
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COAL BURNING LOCOMOTIVE STUDY 

I. RESULTS 

B. Technical and Environmental Considerations 

2. Direct Fired Gas Turbine Locomotive 

Gas Turbine Engine (continued) 

Economically, however, there simply is not enough of a fuel cost 
savings with only 50% coal loading to warrant the development of 
a turbine locomotive using coal-oil mixture for fuel. It appears 
that recently this economic conclusion is being reached even in 
non-engine coal-oil slurry applications. The far more economi­
cally attractive concept of using coal mixed with water is 
receiving maximum attention. Note 1 below compares the economics 
of coal slurries using oil (COS) and water (CWS). 

Engine grade fuei is being developed by several companies 
including AMAX Extractive Research & Development, Inc., and 
Otisca Co., bot~ of which have supplied fuel for diesel engine 
research. The AMAX process can be classified as primarily a 
chemical cleaning process, whereas the Otisca process is a 
mechanical cleaning process. Neither company is presently in 
corrmercial plant production. Conceptual plant designs are being 
developed and a conceptual plant based on the Otisca process was 
developed and used in this economic study. 

Potential problems exist with protecting hot section components 
from abra~ivP./r.nrrn~iv~ prorlucts of combustion. 

In order to address the problem of abrasion/corrosion, a 
deposition testing program was developed and conducted by 
General Electric at their Cotporate Research & Development 
Center. This testing program was sponsored by GE's 
Transportation Systems Business Operations in Erie and partly by 
the U.S. DOE. The deposition test phase was conducted on a GE 
LM-500 turbine nozzle sector and was completed in Nov. 1985.1 

Note 1: Assuming: Diesel fuel @ $.85/gal and 18,400 BTU/lb = $6.18/106 BTU 
Micronized Clean Coal and 14,000 BTU/lb = $3.00/106 BTU 

Then, Savings using Coal/Oil Slurry @$4.81/106 BTU = 22% . 
Savings using Coal/Water Slurry @ $3.00/106 BTU = 51% 

1Internal GE Memo Report by S.G. Kimura, CR&D on Summary of Deposition 
Testing, 11/13/85. 
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COAL 8URNING LOCOMOTIVE STUDY 

I. RESULTS 

B. Technical and Environmental Considerations 

2. Direct Fired Gas Turbine Locomotive 

Gas Turbine Engine (continued) 

Results were generally encouraging, the deposition rate wa! far 
lower than originally anticipated. In 23 hours of testing, the 
nozzle area was reduced by 3% with approximately 0.8% ash fuel. 
With 0.2% ash, this area reduction should be 0.75%. Although 
this is less than expected, this causes a performance 
deterioration which must be evaluated in the future. A concept 
for further study, sponsored by DOE, will be to clean the 
deposits by on-line nut shelling, and off-line by water wash. 

Normally, when using liquid fuels, alkali sulphates are formed 
which are corrosive, and also tend to act as a glue for ... ··· 
deposition. With coal water slurry, however, the alkali metals 
in the deposits are in the form of aluminosilicates which are 
far ~ess corrosive. 

Erosion and abrasion were expected to be reduced because of the 
small particle size of the ash due to the coal micronizing 
process. However, there had been some concern about 
agglomeration of the particles just before, during, or after 
combustion. It appears that agglomeration does take place in the 
form of cenospheres (hollow spheres). After the carbon has 
burned out, the fragile "egg shell 11 breaks up again into small 
particles which tend to follow the gas stream lines rather than 
impinge the blades and buckets causing erosion/abrasion. 

One finding. in this testing program which might be considered 
negative, was that in order to realize high combustion 
efficiency, supplemental JP-4 fuel was required (15%- 25%). If 
significant diesel fuel is required on a locomotive, then the 
resultant fuel savings with coal will be reduced. However, at 
this point in time, it is unfair to penalize the turbine, since 
the combustor design was not fully optimized to burn CWS. 
Accordingly, in this study, no diesel fuel was assumed for the 
DFGTL. -

Exhaust Emissions 

Limited exhaust emissions testing was conducted by General 
Electric, CRD, during the deposition testing. The results are 
shown below, and compared with today•s production oil fired 
diesel locomotive. 
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COAL BURNING LOCOMOTIVE STUDY 

I. RESULTS 

B. Technical and Environmental Considerations 

2. Direct Fired Gas Turbine Locomotive 

Exhaust Emissions (continued) 

The emissions estimate of SOx is straightforward. It is assumed 
that all of the sulfur present in the fuel which enters the 
engine will be converted to SOx and discharged in the exhaust. 
Thus, if the processed coal in the slurry has 1% sulfur and the 
duty cycle thermal efficiency is 28.9%, then 5.57 grams of SOx 
will be generated per HP-hour. 

The formation of NOx was measured in the exhaust during the 
deposition testing using coal water slurry with 25% diesel fuel 
at 3.4 grams/HP-hour. With 100% diesel fuel NOx emissions 
produced is 2.0 grams/HP-hour. Although the combustors are not 
the same, nonetheless, we estimate 3.8 grams/HP-hour with 
straight coal water slurry using a linear relationship. It is 
also believed that development can lead to substantial 
improvements to this estimate. 

The formation of HC in the exhaust was measured during the 
deposition testing using coal water slurry with 25% diesel fuel 
at 0.25 grams/HP-hr. Since HC is nearly immeasurable using 
diesel fuel only, one might estimate that HC was a result of coal 
combustion and that it could rise 33% if the diesel fuel were 
replaced by more coal slurry with other phenomenon of combustion 
being equal. Therefore, we estimate 0.33 grams/HP-hr wou1d be 
expected. Assuming the same combustion temperature, the 
propensity to form CO would be. nearly the same and the estimate 
for CO will be 0.8 grams/HP-hour. 

The particulates measured in the deposition tests were 1.7 grams 
per HP-hour which was just about equal to the ash content of the 
fuel (.8%). Since normally the particulate output of the engine 
using diesel fuel is nearly zero, it has been concluded that the 
ash is the main contributor to the exhaust particulate emissions. 
Prorating to account for straight coal slurry with 0.2% ash, the 
particulate emissions estimate is 0.6 grams/HP-hour. 

1LM500 Gas Turbine Installation Design Manual MID-1DM-500-1, May 1980 
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COAL BURNING LOCOMOTIVE STUDY 

I. RESULTS 

B. Technical and Environmental Considerations 

2. Direct Fired Gas Turbine Locomotive 

Exhaust Emissions (continued) 

Summarizing, 

Exhaust Emissions Estimate 
(Grams/HP-HR) 

NOx co HC SOx* 

Oil Fired Diesel 10.7 1.8 0.6 1.5 
D.F. Gas Turbine 3.8 0.8 0.33 3.9 

Fuel Systems 

Parti-
culates 

0.3 
0.6 

The locomotive fuel tank is normally kept full and fuel is drawn 
from the tender. To keep the fuel from freezing, an exhaust gas 
heat exchanger circulates hot water through heating coils on 
both the locomotive and tender. When the turbine is shut down 
rl"rina idle~ a small auxiliary diesel engine of about 35 HP 
capacity (not shown) will furnish heat via a jack~t water and 
exhaust heat exchanger to the circulating fuel system. The 
electrical output will provide battery charging and run the 
circulating pumps. Spot electrical heaters will also be provided 
if jacket heat is insufficient. Both fuel tanks are planned to 
have 4 inches of insulation. 

Since the fuel is a slurry using water, stainless steel or lined 
tanks and piping must be provided to prevent corrosion. 

A diesel fuel or propane supply will also be provided for turbine 
starting. The cranking power will be provided by the battery. 

Propulsion and Auxiliaries 

Dynamic braking, air brakes, ventilation, control and propulsion 
equipment will be the same type as on the base line oil fired 
diesel locomotive. 

* .5% sulfur fuel oil, .7i in cleaned, processed coal 
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COAL BURNING LOCOMOTIVE STUDY 
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B. Technical and Environmental Considerations 

2. Direct Fired Gas Turbine Locomotive 

Technical & Environmental Considerations Summary 

The limited testing to date shows an encouraging outlook for a 
direct fired coal water slurry gas turbine engine which could be 
used on a locomotive. The need to clean the engine of deposits 
requires development, and, if unsuccessful, could be a serious 
problem. Erosion and abrasion appear to be nearly absent due to 
the small ash particle size. Engine maintenance will be pri­
marily inspection, with ultimate remo~al, return and overhaul (or 
unit exchange) which can be easily done due to the small size and 
weight of the turbine. Economically, the GT must be able to 
operate without using diesel fuel, only CWS. The economic 
results of this report assumes combustor design wi 11 . improve, 
allowing this to happen. 

Further, it is believed that a satisfactory fuel and fuel process 
can be developed in a timely fashion to meet the engine needs. 
An engine and its fuel could be developed within 5 to 8 years 
with sufficient economic incentive. The GE27 engine,. however, 
requires additional development to advance from the prototype to 
production stage. 
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COAL BURNING LOCOMOTIVE STUDY 

I. RESULTS 

B. Technical and Environmental Considerations 

3. Direct Burn Steam Injection Gas Turbine (DBSIGT) 

General Description 

The GE27 gas turbine with steam injection is similar to the DFGTL 
discussed in Section I.B.2 except that steam generated by heating 
water with the hot exhaust products is injected directly back 
into the gas turbine combustor. As a result, the output power of 
the gas turbine is increased from 5900 to 8000 HP. 

With exhaust heat recovery provided by this process, the overall 
cycle efficiency is increased providing an increase in fuel 
savings. (See the economic analysis Section VIII). 

The locomotive is composed of two units plus a tender. The 8000 
HP rating requires about 10 traction motors and increased fuel 
capacity, dictating a 12-axle layout (Fig. I.B.9, a fold-out). 

The locomotive has a cab at each end, thus, either end can lead. 
The tender can be attached at either end, avoiding turning the 
locomotive. 

All fuel is carried aboard the powered units, whereas the tender 
is reserved for steam injection water 

The axle weights have been kept within 70,000# limits. The. 
weight change on the auxiliary unit of 21,000# per axle is higher 
than normally considered desirable. Controls will be arranged 
to initially use fuel in such a manner as to keep the weight 
balanced between the units. Further use of fuPl will unbalance 
the units requiring dual propulsion systems with individual 
traction generators for each unit. Optimum control will now 
allow the tractive effort to vary as the weight changes. Both 
cabs are full width, the choice primarily dictated by the boiler. 

Since it utilizes the same turbine (GE27) as the direct fired gas 
turbine option, a larger inlet air filter and silencer will be 
required proportional to the horsepower increase. 

Gas Turbine Engine 

The GE27 engine is recommended for this locomotive and is 
described in the direct burning simple cycle concept in Section 
I.B.2. The exhaust from the engine passes through a heat 
recovery exchanger (boiler) which generates steam to be fed back 
to the turbine combustion chamber. The waste heat in the exhaust 
is utilized to vaporize water and raise it to about 800°F (at 
full load). The steam is further raised to firing temp in the 
turbine combustion chamber to about 2000°F. This increases 
engine output to 8000 HP in traction as well as thermal 
efficiency (duty cycle thermal efficiency increase to 34.4% from 
28.9). 
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COAL BURNING LOCOMOTIVE STUDY 

I. RESULTS 

B. Technical and Environmental Considerations 

3. Direct Burn Steam Injection Gas Turbine 

Gas Turbine Engine (continued) 

The exact program of steam injection versus load is not yet 
determined. The approach requiring the least water is to inject 
no steam below 3800 HP. The approach providing best thermal 
efficiency, lowest fuel cost and easiest control is to _gradually 
increase steam injection with load. This latter approach appears 
most likely to succeed and has been utilized in the fuel cost 
calculations. It is assumed that the heat rate at idle power 
utilizes no steam. Injection linearly increases up to maximum at 
8000 HP. 

The required engine development and feasibility is the same as 
described in Section I.B.2 for the straight slurry burning GE27. 
The thermal efficiency of coal fired turbine with steam injection 
is shown below (Fig. I.B.lO). 
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COAL BURNING LOCOMOTIVE STUDY 

I. RESULTS 

Oil 

B. Technical and Environmental Considerations 

3. Direct Burn Steam Injection Gas Turbine (continued) 

Exhaust Emissions 

Exhaust emissions will be the same as for the direct coal burning 
simple cycle except reduced inversely with the duty cycle 
efficiency. Thus, 

Exhau5t Emissions Estimate 
(Grams/HP-HR) 

Parti-
NOx co HC SOx l.:ulates 

Fired Diesel 10.7 1.8 0.6 1. 5* 0.3 

Direct Burning Gas 3.1 0.7 0.3 3.2** 0.6 Turbine w/Steam 

Injection Water & Fuel System 

A 16,000 gallon capacity insulated tender furnishes injection 
water via a circuiating pump. This same water is circulated 
during turbine shutdown to keep the coal slurry and water warm. 
A 35 HP auxiliary diesel engine furnishes this heat from its 
jacket water and exhaust as well as spot electric heating. Pumps 
and battery charging are also supplied by this engine. 

Water is heated in the turbine exhaust boiler (heat exchanger) 
for injection into the combustion chamber. Steam injection is 
proportional to the power level; maximum planned injection rate 
is 8200#/hour. 

A portion of the boiler water (steam) returns to the main water 
tank to prevent freezing. A heat exchanger in this same path 
provides preheat for the fuel slurry. Hot water is also 
circulated through coils in the slurry storage tanks.· 

* 1/2% Sulfur in Fuel Oil 
** .7% Sulfur in Cleaned, Processed Coal 
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I. RESULTS 

B. Technical and Environmental Considerations 

3. Direct Burn Steam Injection Gas Turbine 

Injection Water & Fuel System (continued) 

Since the heat recovery steam generator is a once-through boiler, 
the water impurities entering the generation must either leave 
with the steam or be deposited within the unit. Thus, high 
purity water will be required to prevent the buildup of scale, 
prevent corrosion within the gas turbine and minimize exhaust 
emissions. Demineralized water will be required. The cost for 
demineralizing the water (approximately $.01/gal) has been 
included as part of the fuel cost. 

Propulsion & Auxiliaries 

The traction alternators, motors and control will be of the same 
design as present day locomotives, except that two back-to-back 
systems will be employed. This will assure optimum, separate 
control to each powered unit as the weight distribution is 
changed when fuel is consumed. 

Because of the length of the powered, married pair, the loco­
motive cannot be easily turned, and therefore has a cab on each 
end to allow bi-directional operation. Dual cabs require some 
duplication of control and air brake equipment. 

Summary of Technical & Environmental Considerations· 

To summarize, it may be said that limited testing shows an 
encouraging outlook for a direct fired_coal water slurry ~as 
turbine engine which may be used on a locomotive (See Section 
I.B.2). The need to clean the engine of deposits requires 
development, but erosion and abrasion appear to be nearly absent 
due to the small ash particle size. Engine maintenance will be 
primarily inspection, with ultimate removal, return and overhaul 
(or exchange) of the turbine which can be easily done due to its 
small size and weight. 

Further, it is believed that a satisfactory fuel and fuel process 
can be developed in a timely fashion to meet the engine needs. 
An engine and its fuel could be developed within 5 to 8 years 
with sufficient economic incentive. The GE27 engine, however, 
requires additional development to advance from the prototype to 
production stage. 

Demineralized water in large quantities must also be provided for 
steam injection to prevent scale buildup, minimize emissions, and 
prevent turbine corrosion. 
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I. RESULTS 

B. Technical and Environmental Considerations 

3. Direct Burn Steam Injection Gas Turbine 

Summary of Technical & Environmental Considerations (continued) 

8000 HP is about the maximum 11 block of power 11 compatible with 
railroad practice. In other words, such high horsepower in a 
locomotive limits its application to specific, dedicated high 
power trains, reducing application flexibility. More horsepower 
also requires larger fuel tanks, larger tender, and a larger heat 
recovery steam generator. On the oth~r hand1 less horsepower 
will not appreciably reduce the size of the locomotive. Two 
units and a tender would be required in any case •. Interestingly, 
the turbine itself does not reQuire mu~h space. 
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COAL BURNING LOCOMOTIVE STUDY 

I. RESULTS 

B. Technical and Environmental Considerations (continued) 

4. Classified Coal Gasifier Gas Turbine 

General Description 

This locomotive configuration uses coal gas as a fuel in 
conjunction with a gas turbine with steam injection as described 
in Section I.B.3. It would be designed to have 8000 HP for 
traction. The fuel gas is generated on board by .a pressurized 
gasifier. 

The primary reason for considering this configuration is the low 
cost of raw coal compared to the cost of CWS. This low cost ad­
vantage brings the coal processing on board the locomotive making 
it more complex. 

A two unit locomotive with a water tender-is required for this 
concept. In order to utilize the horsepower, 12 powered axles 
are ~sed. To avoid turning this long two unit locomotive, 
operating cabs are placed at each end along with separate tender 
connections (Fig. I.B.ll, a foldout). 

The gasifier and turbine are mounted in one unit to avoid high 
pressure or big volume gas connections between units. Coal is 
delivered pneumatically from the auxiliary unit to the power 
unit.As in previous gas turbine options, inlet air filters and 
silencer are provided. 

Preliminary weight estimates indicate the locomotive can probably 
be designed within acceptable standards. Volume of the equip­
ment, particularly the gasifier, is high and careful attention to 
accessibility for maintenance must be observed during design. 
The design will be very tight. The initial size of gasifier 
equipment will require a two-unit locomotive, and so 8000 HP for 
traction was deemed desirable. 

Gasifier & Emissions 

·A high pressure, fixed bed (countercurrent) gasifier was chosen 
for this locomotive application. It has high thermal efficiency 
(about 85%), and relatively low off gas temp (about 1400°F). 
However, there are liquid hydrocarbons in the gas, and the 
gasifier has a limited ability to use 11 Caking 11 coal. 

Coal gas is generated by the sub-stoichiometric burning of coal in 
an air and steam environment. The produced·gas consists primar­
ily of nitrogen (N2), carbon monoxide (CO), hydrogen (H2), carbon 
dioxide plus some methane (CH4), and hydrogen sulfide (H2S). A 
pressurized gasifier is employed, where coal is introduced 
through the top; steam and air from below through tuyeres. The 
hot gas exits near the top of the vessel while the accumulated 
ash is removed from the bottom. 
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B. Technical and Environmental Considerations (continued) 

4. Classified Coal Gasifier Gas Turbine 

Gasifier & Emissions (continued) 

The generated gas from the gasifier first passes through a 
cyclone filter to remove entrained particulate matter. These 
removed solids contain unprocessed coal which are reinserted into 
gasifier for reprocessing. 

The ~as from the cyclone filter next passes through a zinc 
ferr1te sorbent tank to remove hydrogen sulfide. Next, the gas 
then passes through a bank of porous ceramic 11 Candle 11 filters 
which remove the very fine particulates before it passes into the 
gas turbine combustor. 

Alkali metals, mostly potassium, will be in the condensed form 
because of the low temperature and are removed as particulates. 
Thermal Nox produced in the gasifier is very low due to the 
relatively low temperature. The nitrogen enters the combustion 
chamber of the turbine combined with hydrogen as ammonia (NH ) 
which finally burns in the engine to NOx and H2 0. The relatively 
low combustion temperature in the turbine engine also limits the 
formation of NOx. 

Actual ·tests run at GE•s Corporate Research & Development Center 
with a fixed bed qasifier, M$6000 combustor, and just cyclone 
cleanup provides the data for the emissions estimate for this 
system. 

Exhaust Emissions Estimate 
(Grams/HP-HR) 

sox1 Parti-
NOx co HC culates 

Oil Fired Diesel 10.7 1.8 0.6 1.5 0.3 

Gasifier- 2 0.05 0.05 ·a 1.3 Gas Turbine 2.6/2.3 

1112% Sulfur in Fuel Oil 
1% Sulfur in Cleaned Process co·al Water Slurry 

2Based on N2 content of fuel (1.6% Eastern, 1.3% Western) 
3water Cooled Component Testing Program; DOE Topical Report DE-AC21·83MC20192. 
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B. Technical and Environmental Considerations 

4. Classified Coal Gasifier Gas Turbine 

Gasifier & Emissions {continued) 

The gasifier operates at a pressure slightly higher than engine 
combustion chamber pressure (300 psi max.) and thereby varies 
with engine output power. The pressurized air is supplied from 
the gas turbine compressor but needs a pressure boost by an air 
compressor driven off the engine P.T.O. The stirring mechanisms 
within the gasifier, coal feed system and ash removal system, 
must operate at gasifier pressure. The mechanical details of 
these various systems must be developed. 

To save space and weight, the cyclone separators were placed 
within the zinc-ferrite sorbent vessel, balancing the pressure on 
both sides of the cyclone and reducing its wall thickness (GE 
patent pending). Connections, piping, flanges, etc., are all 
"hot" and subject to high pressure, mandating short pipe lengths 
and rigid assembly. For these reasons, the gasifier, ash removal 
system, scrubbers, particulate candle filter, turbine, and heat 
recovery steam generator are packaged on a single locomotive 
platform (unit). The conceptual layout shows that this may be 
possible, but it is extremely tight making maintenance difficult. 
Needless to say, detailed work must still be done before an 
acceptable design is obtained. 

The sorbent utilizes zinc-ferrite pellets which must be removed 
and regenerated. The frequency of regeneration will depend upon 
the amount of SOx to be removed. 

Gas Turbine Engine 

It is normal practice for a gas turbine to bur~ a gaseous fuel. 
The fuel which is generated by the gasifier is clean but has a 
low heat content due to the large nitrogen content. Tests were 
conducted by_ General Electric using a simulated low BTU fuel.l 
The test results indicate that combustion was successful and 
efficient. Thus, it appears that required modifications to the 
engine are primarily to allow steam injection. No technological 
problems are seen that are unsolvable. 

A tank of propane gas is planned to start ·the system - both the 
turbine and gasifier. 

1Internal GE Evendale Monthly Status Report #2, September 5, 1984, titled "Gas 
Turbine System Development for Coal Burning". 
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B. Technical and Environmental Considerations 

4. Classified Coal Gasifier Gas Turbine 

Gas Turbine Engine (continued) 

The thermal efficiency of the engine with steam injection is 
shown below (Fig. I.B.12) .. 
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I. RESULTS 

B. Technical and Environmental Considerations 

4. Classified Coal Gasifier Gas Turbine 

Water Supply 

Water is required for two purposes: gasification and waste heat 
recovery steam for reinjection into the turbine. All water is 
stored in an insulated auxiliary tender. 

The gasifier has a water jacket. Water from the tender flows to 
the gasifier for preheat. This heated water is circulated back 
to the tender and coal bin to keep them from freezing up~ 

Heated water is also supplied to the turbine exhaust gas heat 
exchanger. The steam output is injected into the turbine for 
supplemental mass flow, hence, augmenting the turbine power 
output. Steam output is also injected into the gasifier. 

Since the heat recovery steam generator (boiler) is a 11 0nce-thru 11 

system, all of the impurities in the water either scale the 
boiler or pass through the system. To minimize scaling, erosion, 
corrosion and emissions, high quality demineralized water will be 
required. This water and processing cost is added to the fuel 
cost in the economic analysis. 

Solid Fuel System 

Coal of 1/2 11 diameter or less is placed aboard the locomotive. 
Two augers in the bottom of the bin deliver this coal to one of 
two hoppers. The hopper is then sealed. Compressed air at 70 to 
100 psi forces the coal onto the power unit into a similar high 
pressure hopper. A tap from the gasifier's process compressed 
air supply injects this coal into the gasifier at a rate deter­
mined by the power requirements. 

Ash is mechanically withdrawn from the bottom of the gasifier and 
stored in an ash storage bin. Ash is also removed from bins 
below the candle filters. The candle filters are cleaned by 
compressed air blown through them periodically and automatically 
in the reversed flow direction. 

Propulsion and Auxiliaries 

As in the other turbine options, the turbine is coupled to the 
alternator through a speed reducing planetary gearbox. 

Due to the weight change on the auxiliary unit, as fuel is used, 
two separately controlled alternators mounted on a common shaft 
plus an integral auxiliary alternator are provided. This allows 
separate control of the tractive effort level on each of the 
powered units. All auxiliaries are electrica11y powered for this 
option also. 
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B. Technical and Environmental Considerations 

4. Classified Coal Gasifier Gas Turbine 

·Propulsion and Auxiliaries (continued) 

Dynamic braking, air brakes and ventilation follow standard 
diesel electric locomotive practices. 

Technical and Emissions Considerations Summary 

A coal fired locomotive concept using an on-board gasifier and 
.gas turbine engine is composed of a two-unit married assembly 
with a water t~nder. The turbine required would not need 
technological developments. The gasifier, being mobile, would 
entail considerable development to make it acceptable with 
respect to maintenance and reliability. Although the concept may 
be feasible, it appears that it is very tight and rather complex. 
Thus, the estimates for reliability are relatively low. As 
presently conceived, ash removal is also difficult, and 
regeneration of the sorbent is another task to be deve·loped. 

Demineralized water is required for operation. The complexity of 
the concept and probable high initial cost is offset by 
relatively low cost and high availability of raw coal, and low 
emissions. Control of the gasifier system will be a function of 
the particular coal fuel analysis, probably enhanced by the .use 
of microcompute~s. 
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B. Technical and Environmental Considerations 

5. Classified ROM Fluidized Bed Steam Turbine 

General Description 

A coal fired steam turbine locomotive concept capable of burning 
classified ROM coal was analyzed. It was felt that the unit 
should be a condensing system minimizing the need for water 
replenishment. Early in the study, it was realized that at least 
two locomotive units would be required to handle all of the 
equipment. To keep locomotive size and horsepower in balance, 
something more than 5000 HP for traction was desirable. After 
the study had progressed, it was found that the minimum equipment 
for 5000 HP would probably not fit on two units. Three units are 
used and aooo HP capability could be realized. Th·is is also 
about as large a block of power that can be utilized by the 
railroads and still afford some application flexibility. To 
minimize exhaust emissions and maximize the variety of acceptable 
coals, a fluidized bed boiler was chosenl. Also, fluidized bed 
boilers are relatively compact due to the high heat transfer 
coefficient within the boiler, due to scrubbing action of the 
particles. 

The fluidized bed boiler, turbine-generator, necessary pumps ·and 
blowers are mounted on the power unit. Because the weight 
remains constant, it has powered axles (six). The auxiliary unit 
contains the exhaust baghouse and heat r~jeetion radiator system. 
The auxiliary also experiences relatively little change of weight 
during operation and so it also has six powered axles. The 
tender unit carries the coal fuel and water as well as auxiliary 
equipment such as air compressors and fuel transfer hoppers. It 
experiences a large change in weight during operation, and so the 
axles are not powered. The three-unit locomotive always operates 
as a single locomotive and therefore an operator•s cab is 
provided on each end and eliminates the need for turning the 
locomotive around (see Fig. I.B.l3 - fold-out). 

Fuel, Combustion, & Emissions 

Coal of 1/2" or les~ di~meter, mixed with limestone, is taken 
from the bin by one of two augers. The coal is fed to a hopper, 
sealed and blown across the connection betwee~ u~its by 
compressed air, at approximately 70 psi. 

Two blowers supply combustion air to the fluidized bed. The 
fluidized bed air box is compartmentalized to vary the combustion 
quantity, allowing energy turn-up (more of the bed fluidized·) and 
energy turn-down. 

1Preliminary studies eliminated the use of pulverized coal or coal slurry 
fired boilers for size and fuel handling reasons. 
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B. Technical and Environmental Considerations 

5. Classified ROM Fluidized Bed Steam Turbine 

Fuel, Combustion, & Emissions (continued) 

An economizer located in the boiler exhaust preheats the boiler 
feed water. 

Exhaust gas is then cleaned in one of two cyclone type 
separators. A percentage is returned to the boiler to reclaim 
any unburned coal. Exhaust is drawn through an induced draft 
fan, passed across the junction between units via a flexible boot 
and then into a baghouse for final ash removal before exhausting 
through exhaust stacks. 

Combustion takes place at about 1600°F. At this temperature, 
most of the ash remains as a solid and is captured in the 
baghouse. The presence of limestone (CaC03) with the coal 
results in the formation of calcium sulphate (CaS04) which is a 
solid and is trapped in the baghouse. Ninety percent of the 
sulphur can be captured if calcium to sulfur ratio is 
approximately 2.5 to 1. Assuming the coal .is 4% sulfur~ this 
requires about .3 pounds of limestone per pound of coal. The 
sulfur which is not captured in this manner passes through the 
exhaust as SOx. Due to the low bed temperature, most of the NOx 
is generated from the nitrogen content of the fuel. For nitrogen 
values of 1.3%, about 3.5 grams of NOx will be generated per 
HP-hour. Unburned hydrocarbons are expected to be 
insignificant. Baghouses can be expected to capture most of the 
particulates. Particulates which are emitted are expected to be 
less than 0.14 grams/HP-hour. Carbon monoxide, CO, is 
anticipated 300 to ~00 ppm or 10.2 grams/HP-hour . 

The emissions are summarized below: 
"''~"R 

Exhaust Emissions Estimate (Grams/HP-HR)1 

NOx co HC sox2 Particulates 

Fired Diesel 10.7 1.8 0.6 1.5 0.3 
-

Steam Turbine 3.53 10.2 - 3. 1 0.14 

1 courte~y of Combustion Engineering, Inc. 

~Assumes ~/2% sulfur in fuel, 2% sulfur in Western coal, and 90% capture. 
1.3% N2 1n coal fuel. 
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B. Technical and Environmental Considerations 

5. Classified ROM Fluidized Bed Steam Turbine 

Steam and Water 

High pressure steam (850 psig) leaves the boiler ana enters the 
steam turbine. Turbine exhaust steam is condensed within a jet 
condenser. A circulating pump removes hot water from the 
condenser and circulates water in two parallel paths. The larger 
flow is to the radiators on the third auxiliary unit. Installed 
radiator fan capacity requires 400 HP. After cooling, this water 
returns to the jet condenser. Use of a jet condenser in this 
fashion results in a water to air heat exchanger in the 
radiators, instead of steam to air. This minimizes the area 
required for heat transfer. Since water is the medium for heat 
rejection rather than steam, piping and flexible connections 
between the units can be smaller. 

A second parallel path circulates condensate through a water 
jacket on the coal bin to prevent freezing, then returns yia a 
water make-up tank to the main circulating pump. Boiler feed 
water is also tapped off the condensate line from the jet 
condenser. 

Fairly high purity water is used to minimize boiler scaling and 
repair. 

The steam pressure of 850 psi represents the best compromise 
between thermal cycle efficiency and turbine mechanical effi­
ciency for 8000 HP. In other words, although higher pressures 
result in higher cycle efficiencies, the turbine gets smaller 
with resulting decrease in mechanical efficiency. Highest 
thermal efficiency is obtained by varying boiler pressure for 
changes in power, rather than throttling. The cooling water 
system is designed to run about 1 psi gage pressure, and not 
under a vacuum. This is done because the unit is mobile, and it 
is deemed worthwhile for reliability in spite of a slight penalty 
in efficiency. 
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5. Classified ROM Fluidized Bed Steam Turbine 

Steam and Water 

Overall thermal efficiency is shown below (Fig. I.B.l4) 
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B. Technical and Environmental Considerations 

5. Classified ROM Fluidized Bed Steam Turbine (continued) 

Turbine Engine 

The proposed turbine design is a 7-stage, 7200 rpm machine 
coupled to the traction alternator through a gear unit. The 
steam turbine is believed to be as mechanically efficient as a 
reciprocating engine, and it can be designed to be virtually 
maintenance free in the locomotive application. The reliability 
and maintenance challenge with the steam turbine locomotive is 
not with the turbine but with the boiler and its total support. 

Propulsion & Auxiliaries 

The main alternator is driven by the steam turbine through a 
planetary speed reducer gearbox, and has an integral auxiliary 
alternator within it. 

All fans, blowers, pumps and compressors are electrically driven. 
Control would be enhanced by microprocessor control. 

Propulsion control follows conventional diesel-electric practice 
except for dynamic braking. 

Dynamic braking is accomplished by placing electrically heated 
resistors in the combustion blower air stream. The heat 
generated preheats the boiler combustion air. The energy in the 
resultant steam, bypasses the turbine and is dissipated in the 
radiator cooling system. This arr.angement has the advantage of 
keeping the boiler hot during an otherwise low load condition 
thus allowing rapid load recovery while eliminating the need for 
separate dynamic braking grid blower. 

Technical & Emissions Considerations Summary 

The steam turbine locomotive as conceived does not require tech­
nological breakthroughs while having the advantage of burning 
inexpensive classified ROM coal. Emissions are greater than one 
would expect, even when using limestone. This is due primarily 
to the quantity of coal burned caused by the relatively low ther­
mal efficiency. It is also a very large locomotive of 8000 HP 
with limited flexibility (application) on the railroad. It is 
complex and the design is tight which may lead to difficult. 
maintenance. Maintenance is expected to be relatively high for 
the system. Modern electrical microprocessor control and the use 
of electrical driven pumps and blowers are required for control 
and reliability. It is estimated that the system can respond 
from idle to full power in 6 to 10 minutes, with only 5 to 10 
seconds required from 60% to full power. Although this may 
appear to be unusually long, it is felt that it is an acceptable 
characteristic in the dedicated type of service these kinds of 
locomotives would see. 
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C. Railroads' Financial Expectations 

0. Evaluation Procedure 

As with any business, a new type machine, or in this case, a 
locomotive, will be commercially attractive only if it meets or 
surpasses certain financial objectives. The investment required 
for the purchase of a new locomotive fleet together with the cost 
of upkeep and changes in infrastructure competes with the present 
locomotive system as well as the attractiveness of other business 
investments. This competition for locomotive fleet funds can 
best be evaluated by calculating the 11 incremental 11 investment ilnd 
savings which result from using an alternative locomotive system 
over the present oil fired diesel locomotive (OFDL) system. 
Competition with other investment needs can be evaluated by using 
a desired discounted rate of return (DCRR) of, say, 15% or 20%, 
on the cash f1ow of this investment. · 

Figure I.C.l is a logic flow chart which describes the economic 
analysis procedure assumed to be used by the railroads. 

The main elements of the financial analysis are: 

. Coal fuel costs. 

Fuel cost savings . 

. Incremental maintenance costs . 

. Incremental infrastructure capital costs . 

. Fle.et s1ze and fuel· consumption 

. DCRR analysis. 

The object of the analysis is to calculate the incremental 
purchase price* of the locomotive (cost to the railroad} which a 
railroad should be willing to pay and still realize a given DCRR. 

1. Coal Fuel Costs 

Eng1ne grade CWS is not presently commercially available. In 
order to introduce a CWS fleet to the railroads, fuel processing 
plants must be constructed. This analysis assumes that the 

·railroads will build, own and operate the plants and that the 
fuel is manufactured per the Otisca Co. process. The analysis is 
then pursued on a railroad-by-railroad basis for six major 
railroads systems: 1) Santa Fe-Southern Pacific; 2) the 
Burlington-Northern; 3) the CSX Corporation; 4) Conrail; 
5) Norfolk-Southern; and 6) Union Pacific-Missouri Pacific. 

*Selling Price of the Coal-Fired Locomotive minus Selling Price of Equivalent 
Oil-Fired Diesel Locomotive. 
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1. Coal Fuel Costs (continued) 

ROM 
COAL 

Using the Otisca process as described in the literature, a 
conceptual processing plant was developed. A simplified flow 
diagram is shown in Figure I.C.2. The main inputs to the plant 
are coal, water, power and additives. The output is the 
coal-water slurry, and sludge (mineral matter and water). 

Figure l.C.2 

MINERAL 
MATTER 
~~~ 

Although the proximate analysis of coal is extremely variable for 
our purposes, washed-run-of-mine (ROM) coal r.an he ~dequately 
described as in Table 1.C.1. 

% Mineral Of 
10 

Coal Rank BTU/Lb % Water Matter Combustibles 
-~...,_- .. 

Eastern Bituminous 12,000 5 10 85 

Western Sub-Bituminous 8,500 29 11 60 
·- .m:c.:::.."'"~·'-"" ..... ·' . "' .. '• .. ,., .•. ··~ . ,..,. .. : . ~-·~·..,.,. , .. -

Table I.C.l 

The input (ROM) coal cost to the plants is $33.00/ton for Eastern 
coal and $11.00/ton for Western coal. 

The cost for processing the fuel has been determined as shown in 
Table I.C.2. 
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1. Coal Fuel Costs (continued) 

Eastern Western 
Coal Coal 

$!106 BTU % $!106 BTU % 

Power 0.271 31.7 0.289 31.3 
Water 
Agglomerate 
Additives 

Plant Payroll 
Plant Maintenance 

Total 

0.099 11.6 
0.106 12.4 

. 0.208 24.4 

0.064 7.5 
0.106 12.4 

0.854 100.0 

CWS Processing Costs 
Table I.C.2 

0.064 6.9 
0.106 11.5 
0.295 31.9 

0.064 6.9 
0.106 11.5 

0.924 100.0 

ROM coal will have to be transported to the plant site and slurry 
fuel will have to be transported from the plant site to various 
locomotive fueling depots. To ascertain the distances involved, 
locations for the plant sites (1 or 2 per railroad) and fueling 
depots· (3 to .6 per railroad) were selected, usinq railro~d m~ps, 
and-recognizing the range of. locomotive is less than 1000 miles. 
Typical selection results are shown in Figure I.C.3. Transporta­
tion costs are then calculated for each railroad using $.0175/ 
ton-mile for ROM coal and $.0263/ton-mile for slurry as the 
railroad cost rate. 
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1. Coal Fuel Costs (continued) 

Figure I.C.3 

Table I .C.3 summarizes the total fu.el cost. 

ROM Coal Processing 
Railroad Cost Cust 

BN (W) 0.647 0.924 
Conrail (E) 1.375 0.854 
csx (~) 1.3/5 0.854 
NS (E) 1.375 0.854 
ATSF/SP (W) 1.011 0.889 
UP (W) 0.647 0.924 

Average RR Cost = 3.033 (E) 
Average Eastern RR Cost = 2.85 (W) 
Average Western RR.Cost = 3.19 

Fuel Cost ($/MBTU) 
Table I.C.3 
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Transportation 
Cost 

1.673 
0.417 
0. 759 
0.571 
1.200 
1.654 

= Eastern RR 
= Western RR 

Total 
Co&t 

3.244 
2.646 
2.988 
2.800 
3.100 
3.225 
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1. Coal Fuel Costs (continued) 

Figure I.C.4 graphically illustrates that the greater shipping 
distance results in higher transportation costs for Western coal 
which more than compensates for the lesser ROM initial fuel cost. 

COAL-WATER SLURRY 
COSTS BREAK DOWN 

4 .. ·······························-································-······················---··················-······················· 

3 

$/19"'6 _BTU's z 
( $/1. 955CJ' s) 

1 

. Dltsrt. turt.··:· $6.18. /"i9"6.8tu•s "C$~5:86/ C.if 
········· · ····· : : :::: i,a_ .s~:.~~ ;,:~~: :~$~24· .. ~~::; ~l:y·· 

WESTERN EASTERN 
RAILROAD LOCATION 

Figure I .C.4 · 

2. CWS Fuel Cost Savings 

0 SLURRY TRNSP. 

112 PROCESSING 

~ ROM COAL TRNSP. 

IJ ROM COAL 

It is apparent from the preceding that the cost per mil1ion BTU 
is less than half that of diesel fuel (@ 85¢/gallon = $6.18 
MBTU). The total fuel savings per locomotive per year is a 
direct function of the amount of fuel burned per year, which in 
turn is different for the various railroads and duty cycles. 
Table I.C.4 shows the duty cycles used in this analysis which is 
somewhat different for Eastern and Western railroads. Notice 
that the time spent in Notch 8 (full power) is 22% for Western 
Railroads and less than 12% for Eastern Railroads. Nonetheless, 
although most of the fuel is consumed in Notch 8, engine part 
load thermal efficiency will have a measurable effect on fuel 
consumption. 

Diesel engines inherently have very good part load efficiency as 
well as superior full load efficiency compared to other prime 
movers and it is ~xpected that this type of performance will not 
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2. CWS Fuel Cost Savings (continued) 

change with the use of CWS as fuel. However, because the CWS 
fuel is about 50% water. the latent heat of vaporization of this 
water is lost and the full load thermal efficiency is estimated 
at about 38%. Full power thermal efficiency with the diesel fuel 
is about 42%. Table I.C.4 also illustrates the results of the 
analyses for Eastern and Western Duty Cycles, Locomotives Burning 
cws. 

Eastern Railroads Western Railroads 
-· 

:t Time Totil Fuel to&t& 'l: Time Total Fuel Co3t3 
(Equivalent 3800 HP) (Equivalent 3800 HP) 

Notch \ HP cws cws cws 
Oil Fired cws Simple Steam Oil Fired CWS Simple 
Diesel Diesel G.T. G. T. Diesel Diesel G.T. 

1 2.7 6.3 20 20 53 39 6.5 20 20 62 
2 11.5 5.8 65 54 • 71 55 4.5 50 43 62 
3 21.2 4.8 99 68 78 64 4.2 87 63 76 
4 31.9 3.6 110 70 74 .62 4.9 150 102 113 
5 48.1 2.6 112 67 70 60 4.5 194 127 136 
6 64.3 2.8 156 91 93 80 4.8 268 170 178 
7 83.2 2.4 170 97 97 84 2.8 199 124 126 
8 100.0 11.3 957 536 521 452 22.0 1864 1150 1139 

Idle 1.0 9.0 16 16 70 49 9.0 16 16 78 
Yard Idle 1.0 47.6 64 64 -- -- 33.0 44 44 --
Oyn Brake 2.0 J.H 1~ 1~ 32 22 3.8 12 12 35 

- -- -- -- --
Total (56 hour run) $1781 $1094 $1157 $966 $2903 $1871 $2005 

Duty Cycle Fuel Co:.t Comp.tr·lson for CWS Burrrin~ Lucumotlves 
Dl~sel Fuel • $6.18/MBTU 
Eastern CWS = $2.85/MBTU 
Western CWS = $3.19/MBTU 

Table I.C.4 

In spite of the greater thermal efficiency of the diesel engine, 
the qas tyrbine locomotives show a greater savings in fuel cost 
at full power. This results from the assumption that no pilot 
diesel fuel is required for the gas turbines (sti11 to be ver­
ified) whereas pilot diesel fuel is employed for the CWS diesel. 

Generally speaking, Western Railroad locomotives use more 
fuel/locomotive than Eastern Railroad locomotives. With the 
information above, fuel costs for an equivalent 3800 HP locomo­
tive are depicted below (Figure I.C.5). 
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45 
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90 
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55 
--
25 
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2. Fuel Cost Savings (continued) 

160 200 240 280 320 360 400 440 ~0 

GALLONS OF DF2/YR USED BY OIL-FIRED DIESEL 
LOCOMOTIVES (000 1S) 

Figure I.C.S 

520 

OIL FIRED DIESEL 

CWS SIMPLE G.T. 

COAL FIRED DIESEL 

CWS STEAM G.T. 

Savings per year, increase with increased utilization of the 
coal-fired locomotives. 

Fluidized Bed Steam Turbines & Gasifier Gas Turbines Burning 
Classified ROM Coal 

The fluidized bed boiler and the gasifier alternatives both use 
classified ROM coal for fuel. Up to 3 fuel sources were evalu­
ated for each fueling station for each of the six railroads. The 
coal sources were chosen using price and proximity as primary 
criteria. Coal heating value and quality were used as secondary 
criteria. The delivered cost of coal is determined by adding 
coal cost plus transportation cost using haulage mileage de­
termined from railroad maps and a rate of $.0175 per ton-mile 
(large coal contract). 

The cost of neutralizing the sulfur in the coal was calculated by 
supplying calcium in the form of limestone. To assure about 90% 
capture, a weight ratio of 3 1/3 lbs. of coal to 1 lb. of lime­
stone is required for 4% sulfur coal. Crushed limestone is 
generally available throughout the country, so a constant price 
of $4 per. ton is used with 100 miles of haulage at $0.03 per 
ton-mile. 
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The gasifier does not use limestone, but it is assumed that the 
hot gas sulfur removal system involving zinc-ferrite regeneration 
will be a competitive process. For this reason, no distinction 
is made between the cost of fuel for the fluidized bed and the 
gasifier with water injection. 

The cost of ash disposal of $4 per ton of ash is used throughout. 

Table I.C.5 summarizes the total fuel cost. 

Rail road 

BN (W) 
Conrail (E) 
csx (E) 
NS (E) 
SF/SP (W) 
UP (W) 

Average RR Cost 
AveNge Eastern 
Average Western 

----- -·-·-· - -

Sulfur. 
ROM Transp Removal Ash 

Coal Cost Cost Cost Disposal 

.723 .490 .018 .030 
1.354 .093 .037 - .042 
1.359 I .200 .036 .039 
1.348 .108 .034 .038 

.666 .430 .017 .026 

.696 .322 .019 .035 

= 1.36 (E) = Eastern RR 
RR Cost = 1.562 (W) = Western RR 
RR Cost • 1.157 

Classified ROM Coal Fuel Cost ($/MBTU) 
Table I.C.S 

The duty cycle fuel cost comparison for Eastern and Western 
railroads is shown below (Table I.C.6). 
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1.261 
1.526 
1.633 
1.528 
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Eastern Railroads Western Railroads 

Total Fuel Costs Total Fuel Costs 
7; (Equivalent 3800 HP) . (Equivalent 3800 HP) . 

Time Time 
Oil F.B. Gasifier Oil F.B. Gasifier 

Notch 1: Power Diesel Steam G.T. Diesel Stea111 G.T. 

1 2.7 6.3 20 45 26 6.5 20 32 22 
2 11.5 5.8 65 64 44 4.5 so 34 ~5 
3 21.2 4.8 99 75 53 4.2 87 45 33 
4 31.9 3.6 110 75 53 4.9 150 70 51 
5 48.1 2.6 112 74 52 4.5 194 88 64 
6 64.3 2.8 156 102 70 4.8 268 120. 87 
7 83.2 2.4 170 110 75 2.8 199 88 63 
8 100.0 11.3 957 619 409 22.0 1864 830 575 

Idle 1.0 9.0 16 57 36 9.0 16 40 27 
Yard Idle 1.0 ·47 .6 64 -- 189 33.0 44 -- 98 
Oyn Brake 2.0 3.8 1'2 26 16 3.8 12 18 12 

Tot a 1 (56 Hour Run) $1781 $1247 S1050 S2903 $1367 $1057 

Duty Cycle Fuel Cost Comparison for 
Classified ROM Coal Burning Locomotives 

Table I.C.6 

Note that for the assumed 56 hour run, it is no more fuel expen­
sive to do twice as much work on the Western Railroad as the 
Eastern Railroad. This is because of the less expensive Western 
coal and the need for less limestone. 
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3. Incremental Maintenance Costs 
(See Section III for additional details) 

Maintenance cost is divided into planned or scheduled (preven­
tive) maintenance, and unscheduled maintenance. Over the years, 
railroad maintenance has evolved such that about 60% is planned 
and 40% is unplanned due to locomotive failures. Analysis of 
locomotive maintenance costs reveals that the costs tend to stay 
constant with lesser influence by duty and fuel usage. 

The maintenance requirements for the coal fired locomotives can 
be e~timated in the following manner. 

Planned Maintenance 

Running gear, platform, traction motors, alternators, propul­
sion control equipment can be prorated by number of equipments 
from oil diesel data, because it is in fact the same or 
similar equipment. 

Coal fired diesel maintenance is modified by diesel engine 
parts affected either in projected life or parts cost as a 
result of using coal. Cooling system maintenance is the same 
as present oil engines. 

Other planned maintenance requirements are estimated by using 
similar equipment data and is a function of the locomotive 
size or number of maintained parts and locomotive usage if 
applicable. 

Certain planned maintenance due to regulations is a function 
of time only, independent of locomotive usage or condition • 

. Y..nplanned Maintenance 

Unplanned maintenance by defin1t1on is a direct result of 
equipment failure, and therefore is a function of equipment 
usage and reliability estimates for the equipment. The 
reliability of the locomotive is expressed in terms of fail·­
ures per locomotive-year, and the maintenance cost is estimated 
to be inversely proportional to the reliability. Experience 
indicates that the maintenance costs are dominated by labor 
costs expended in troubleshooting and changeout of single 
failed parts. The reliability of each of the locomotive 
alternatives is shown later in Section_I.C.4, Table I.C.9. 

Actual Maintenance for each locomotive alternative is based on 
actual locomotive horsepower and actual fuel consumed based on a 
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3. Incremental Maintenance Costs (continued) 

straight line relationship between 280,000 and 440,000 gallons 
DF2 equivalent. Because the analysis is determined upon incre­
mental changes to the oil fired diesel locomotive, absolute value 
error is of second order importance. 

Total maintenance cost of each of the locomotive alternatives is 
given below (@ equivalent 3800 HP) (Table I.C.7). 

Planned Unplanned Total 

Locomotive Alternative 280 440 280 440 280 440 

Oil Fired Diesel 41.7 47.6 27.8 31.8 69.5 79.4 
Coal Fired Diesel 62.0 66.2 30.4 34.7 92.4 100.9 
Gas Turbine Simple Cyc~e 44.6 62.3 27.8 31.8 72.4 94.1 
Gas Turbine w/Steam 57.1 76.2 43.1 47.8 100.2 124.0 
Gasifier-Gas Turbine 94.6 117.9 51.4 58.8 146.0 176.7 
Steam Turbine 63.3 70.9 75.2 85.9 138.6 156.8 

Maintenance Cost for Given Oil Diesel Fuel Usage @ 3800 HP Engine 
280 = 280,000 Gal. DF2/Yr. 
440 = 440,000 Gal. DF2/Yr. 

Table I.C.7 

4. Incrementa 1 Infrastructure and Capita 1 Costs 
(For additional details, see Section VI) 

Any new fuel locomotive tryi.ng to displace the already developed 
pP.troleum fuel locomotive system will require investment in the 
new locomotive infrastructure. This infrastructure system 
includes changes to locomotive maintenance systems as well as new 
fuel p~ocessing and handling systems. Thus, the net ~avings 
which result from fuel and maintenance considerations will be 
offset to some extent by the capit~l investment due to infra­
structure changes as well as increased capital cost of new coal 
fired locomotives. This latter factor is addressed in 
Section I.C.6. 

The coal fired diesel and coal slurry gas turbine locomotive 
alternatives require fuel processing plants and .fuel handling 
systems. 
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Coal Water Slurry Capital Costs 

It is assumed that the railroads themselves wilT build, own 
and operate the plants which will manufacture the CWS fuel. 
Based on the Otisca process, conceptual plants were outlined 
and the capital expenditures determined. Table I.C.B lists 
the estimated capital expenditures. Within appropriate 
limits, the estimates indicate that investment is a function 
of the 0.8 power of required plant CWS capacity. 

PLANT f.APIIr.lTY 1.7~ (10 1 ~) !TU/)R ~-~~ llU1JJ BTU/VR 
(Nominal) (135 Ton/Hr) 

(5 000) 

Raw Coal Storage & Handling 5,589 
C011111unition 11,160 
Separation & Mineral Matter Disposal 3,520 
Heat Recovery 3,531 
water Conditioning Slurrying 

CWS Storagl! 6,701 
Buildings, Lab & External 

Fue 1 i ng [iepots 7,906 
SubTotal 38,407 
Indirect (25%) Contingency (15%) 15,363 
In-Process Material Inventory 1,526 

--
Grand Tulal 55,296 

Coal Water Slurry Fuel Plant Capital Costs 
Table I.C.B 

Other Possible Capital Costs 

(450 Ton/Hr) 
($ 000) 

10,750 
36,005 
9.668 
9. 720 

12,176 

22,027 

100,346 
40,138 
5,085 

--
145,569 

For the non-engine maintenance requirements (cabs, platforms, 
motors, generators, running gear, piping and wiring), there 
will be insignificant capital inyestment needs. because these· 
parts at the locomotive are similar to present oil fired 
diesel. 

For a coal fired diesel locomotive. the engine maintenance 
changes are relatively insignificant and, therefore, there 
will be little or no capital investments required for mainte­
nance. (It is assumed that the railroads will continue to 
maintain the engine as they do for the present oil diesel.) 

.For the other locomotive alternatives, it is assumed th~t the 
major maintenance of the turbines will not be by the 
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railroads, but rather by the turbine manufacturer, and this 
expense is covered in the yearly maintenance costs. Thus, 
there is no investment required for turbine maintenance. 
Similarly, major repair of boilers and heat recovery steam 
generators are assumed to be done by the manufacturer or 
non-railroad maintenance specialists. 

Classified ROM Coal Fuel Capital Costs 

For the steam turbine and gasifier gas turbine alternatives, 
new fueling station handling ROM coal and water rather than 
diesel fuel will be required. This includes storage silos, 
conveyors, etc. A railroad will require at least two fueling 
stations (one on each end of the line) for a cost of $2.65 
million, which will handle up to 134 locomotives. Additional 
locomotives will require more investment, so that the total 
investment is estimated as: 

0 to 134 locomotives 
134 to 200 locomotives 
200 to 267 locomotives 

$2,64 mi 11 ion 
$3.96 million 
$5.28 mill ion 

Capital Costs to Cover 11 Unavailability 11 

Locomotive reliability affects locomotive availability as well 
as maintenance costs. Less reliable locomotives are less 
available and so additional monies must be invested in more 
locomotives for any given amount of wor~. Since the required 
fleet size will be determined by the number of oil fired 
diesels presently used whose availability is 92.9%, the 
additional capital investment required is determined by, 

(NcHc~ (92. 9 - Ac~ · fpd\ = 
3800) . 92.9 J ~ 1 Investment for availability 

where, Nc 
He 
Ac 
Pd 

= 
= 
= 
= 

number.of coal fired locomotives . 
horsepower per coal fired locomotive 
availability of coal fired locomotive(%) 
current price of oil fired diesel ($1,325,000} 

which is summarized below (Table I.C.9). 
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Per Locomotive 
Additional 

Locomotive HP No. of Reliability Investment for 
Prime Mover Technolo~ for Traction Powered Axles in F/LY 

Availa~ility 
Availabilit~ !OOO'S) 

Standard, General Electric 3800 6 3.090 92.0 
Oil Diesel 

CWS Burning Diesel 3800 6 3.376 92.5 

CWS Burning G.T. 5900 8 J .0~1 n.? 

CWS Burning G.T. with 8000 12 4.641 85.2 
Steu Injection 

ROM Coal G.T. 8000 12 5.528 66.0 
with Gasifier 

Steam Turbine with 1!000 12 7.913 78.1 
Fluidized Bed Boiler 

Comparison of Availability, Reliability and 
Investment Required for Coal Burning Locomotives 

Table I.C.9 

5. Fleet Size and Fuel Consumption 
(See Sec. VII for further details) 

0 

0 

231 

808 

444. 

The locomotive fleet size and total fuel consumption savings 
which will offset the capital investment must be determined. 
This detennination is pr'edicated upon the following precepts: 

a) The highest mileage/year locomotives generally: 
. are the newest and most efficient 
. have the lowest average maintenance 
. are the highest horsepower 

As older locomotives tend to have lower horsepower and higher 
maintenance per mile, they are usually assigned to lower 
mileage duty. Thus, it is possible to rank locomotives by 
descending mileage using available data and ascertain the 
following: 

Western Railroad: 

. Top 10% of locomotives burn 17% of total fuel 

. Top 33.3% of locomotives burn 50% of total fuel 

. Top 66.6% of locomotives burn 90% of total fuel 
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and, 

Eastern Railroad: 

. Top 10% of locomotives burn 24% of total fuel 

. Top 33%.of locomotives burn 59% of total fuel 

Further examination of the data indicates that the top 2/3 of 
the western locomotive fleet and the top 1/3 of the eastern 
locomotive fleet have more than 3000 HP. Locomotives less 
than 3000 HP are not powerful enough or utilized enough (or · 
both) to burn enough fuel to warrant the additional incre­
mental capital investment required to replace them with coal· 
fired locomotives. This conclusion is intuitively apparent 
and has been assumed, and it was born out by the analysis. 

The potential oil fired locomotive fleet to be replaced and 
the corresponding fuel consumption scenario is estimated as 
shown below (Table I.C.10). 

·Potential DF2 
Fleet Fue 1 Consumed 

Railroad (Units). (Gal ·Per Loco) 

Conrail 492 272,000 
NS 565 304,000 
csx 883 309,000 

BN 1242 358,300 
UP 1280 307,660 
ATSF & SP 1606 281 '700 

Total 6068 

Potential Locomotive Market 
Represented Bt Today 1s 3000 HP & Up 

Oil Fired ocomotive Fleet 

Table I.C.10 

b) AveragP. consist HP is expected to be between 10,000 and 
12,000 HP. Thus, greatest application for a locomotive 
will be those with 4000 to· 6000 HP, because multiples of 
this wi.ll result in maximum utilization of power. Locomo­
tive alternatives with 8000 HP are less flexible and less 
useful and will replace a smaller portion of the oil fired 
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locomotive fleet. Approximately 1/3 of the total ton miles 
is handled by trains of around 16,000 HP* and the 8000 HP 
coal fired units could be best used in this dedicated 
service. 

c) The reliability of the locomotive affects maintenance cost 
and availability, and these costs have been accounted for 
in the maintenance costs and additional investment for lack 
of availability. Poor reliability also lessens the attrac­
tiveness of the locomotive because of the effects on 
delivery and overall railroad productivity. It is assumed 
that the actual potential market must be adjusted propor­
tionally by reliability. 

The potential market for each of the locomotive alterna­
tives replacing present locomotives greater than 3000 HP is 
shown below (Table I.C.11). 

3800 HP 5900 HP 
Present Oil Coal Gas Turbine 8000 HP unns 

rired OiC!,Cl Fif'ed Diesel Simple Cyc:le 

DF2/ DF2 DF2 Gas Turbine Gasifier Stea111 
Ho. HP Loco Ho. Equiv Ho. Equiv w/Steam Gas Turbine Turbine 

OF2 
Equiv 

Units (ne) (DOD's) Units /Loco Units /Loco No. Units Ho. Units Ho. Units Ga 1/Locc 

Conrail 589 
Norfolk Southern 673 

csx 1073 

BN 1&&1 

Un Pac & Mo Pac 1580 

Stntl Fe 6 So P~~ HI~~ 

Total 7379 

3178 227 492 272 317 422 53 45 
3189 255 565 304 364 472 61 !11 

3128 254 883 309 569 480 95 80 

3041 287 1242 )5ij ROO ~56 133 113 
3078 249 1280 307 824 478 137 116 

~279 243 1606 282 1034 437 172 146 
--

6068 3908 652 551 
..... ,.OM ......... ··~· ... 

Probable Marke~_for Coal Burning Locomotives 
Versus Equivalent DF2 Fuel Burned 

Table I.C.ll 
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6. Discounted Cash Rate of Return (DCRR) 

One of the prime objectives of this Coal Burning Locomotive Study 
has been to determine the incremental value to the railroads for 
the fuel savings obtainable from burning coal as a-locomotive 
fuel. The study has employed the accepted technique of DCRR 
analysis as the means to determining the various coal burning 
technologies value to the railroads in the form of how much more 
they should be willing to pay versus a standard oil burning 
locomotive. The DCRR allows the railroad's investment in both 
increased locomotive price and new supporting capital structures 
to be offset by net expense savings (fuel and maintenance) at 
specified rates of return (15% and 20%). The following 
assumptions were used in the calculation: 

a) The railroad has decided to buy locomotives. 

b) The total fleet will be changed out over 10 years (10% per 
year). 

c) Locomotive life= 15 years, with no salvage value. 

d) . CWS plant investments in 1st and 3rd year for 1st plant and 
6th and 8th year for 2nd plant for CWS burning loco options . 

. Classified ROM coal refueling station investments for 
gasifier fed G.T. and steam turbine options. 

e) 5-year accelerated depreciation. 

f) 46% corporate tax with 10% tax investment credit. 

g) The economics of what replaces the coal burning locomotive 
after its 15-year life does not affect this study. 

Figures I.C.12 and I.C.13 summarize the results of the railroad. 
by railroad analysis. 

Note: Because the analysis is based on "incremental" 
investments, some confusion may arise on what "total" 
a railroad have to pay for a coal burning locomotive. 
of how this "total" price can be estimated may help. 
5900 HP DFGT locomotive: 

costs and 
price would 

An example 
Ex amp 1 e, a 

. Assume the selling price of today•s 3800 HP OFD loco is 
. $1,325,000. 
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COAL BURNING LOCOMOTIVE STUDY 

I. RESULTS 

C. Railroads' Financial Expectations 

6. Discounted Cash Rate of Return (DCRR) (continued) 

. Base price is 5900 HP worth of 3800 HP OFD locomotives or 

5900 38QO• ($1,325,000) = $2,057,000 

. Add to the base the incremental loco sell price from Table 
I.C.ll for NS@ 15% DCRR; selling price estimate 
$2,057,000 + 497,600 = $2,554,600. 
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COAL BURNING LOCOMOTIVE STUDY 

~800 HP COAL FIRED DIESEL 
-- . --- . -··· 

PER LOCO DEL. TA EXPENSES CAPITAL IIVESTNENT LOCO SEl.L PRICE INCREASE 
fEAR PER LOCO fEAR 1(0001 1(0001 OYERL 003800 H.P. OFD'S 

6Al DF2 BTU FUEL PlAINT. NET FUEL LOCO 110001 1(0001 
Fl£1. 10"10 SAVINSS INCR. SAVIN&S FACILITJES AVAIL i20% DCRR i1Sl DCRR 

281.7 3.9 92.2 -22.8 69.4 175937 0 229.1 327.9 
358.3 4.9 111.9 -22.2 89.7 173630 0 298.7 426.3 

272.0 3.7 89.7 -22.9 66.8 66398 0 184.3 281.0 
309.0 4.3 99.2 -22.6 76.6 117399 0 238.3 348.1 

304.2 4.2 98.0 -22.7 75.3 81114 0 218.0 326.7 
307.7 4.2 98.9 •22.11 76.3 157471 0 244?.1 n1.1 

- --

5900 HP DIRECT COAL 8URMIM& TURBIHE-&E-27 

PER LOCO DEl. TA EXPOSES CAPITAL INVESTPIENT LOCO SEl.L PRICE INCREASE 
YEAR PER LOCO YEAR 1(0001 1(0001 OYEil. 553800 .H.P. DFD'S 

-· 

SAL DF2 BTU FUEl. PlAINT. NET FUEL LOCO 1(000) I (000) 

Ftn 10" 10 SAVINSS !I«:R. SAVIN&S FACILITIES AVAIL i201 DCRR i1Sl DCM 

437.4 8.9 130.0 -4.5 125.4 240304 0 372.4 552.9 
556.3 11.3 154.5 -13.2 141.2 237153 0 376.8 581.9 

422.3 8.6 126.9 -3.4 123.4 90690 0 295.5 470.2 
479.8 9.8 138.7 -7.6 131.1 160350 0 340.9 531.6 

472.3 9.6 1!7.2 -7.1 1~0.1 110790 0 306.7 497.6 
477.7 9.7 138.3 -7.5 130.8 215082 0 366.1 555.2 

8000 HP SE 27 WITH STEAPI INJECTIOW -
PER LOCO DEl.TA EIPENSES CAPITAL INVESTftENT LOCO SEll PRICE INCREASE 

YEAR PER LOCO YEAR 1(0001 1(0001 OYER 2.11 3800 H.P. DFD'S 

SAL DF2 BTU FUEl . PlAINT. N£T FUEL LOCO 110001 1(0001 
FUEl. 10"10 SAVINSS !NCR. SAY INtiS FACILITIES AVAIL i20% DCRR i1Sl DCRR 

636.2 10.9 242.7 -72.7 170.1 57368 39930.0 178.6 3S6.4 
881.9 15.1 314.1 -96.0 218.1 71876 30910.0 255.7 576.6 

063.8 11.4 250.7 -75.3 175.4 27010 12210.0 56.4 319.6 
804.2 13.8 291.5 -89.6 202.9 50440 22000.0 181.2 481. J 

701.1 13.0 279.0 -84.5 194.5 33772 14080.0 79.5 3~.5 

713.1 12.2 265.0 -90.0 195.1 61498 31790.0 178.8 452.9 

Summary of Economic Analysis of CWS Burning Locomotives 
Fig. I.C.l2 
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COAL BURNING LOCOMOTIVE STUDY 

8000 HP 6ASIFI£R FED 6E·27 

PER LOCO DEL. TA EXPENSES CAPITAL INYESTftEMT LOCO SELL PRICE INCREASE 
YEAR PER LOCO YEAR 110001 110001 OYER 2.11 3800 H.P. OFD'S 

CASE SAL DF2 BTU FUEl. IIAIIIT. NET FUEl Latn 110001 tiOOOI 
Ft££T FUEl. 10"10 SAYIN65 !NCR. SAYIN6S FACILITIES AVAIL i201 DCRR i151 DCRR 

14h Olo.2 13.7 243.1 ·168.9 74.2 3954 117888.0 I ·3SO.II 
113 881.9 19.1 390.0 ·200.6 189.4 21130 91008.0 138.5 398.2 

45 663.8 14.3 259.6 -172.5 87.1 2636 36096.0 • ·l39.1 
80 804.2 17.4 343.5 -190.6 m.o 2U6 64896.0 I uo.a 

51 761.1 16.4 !17.7 -195.0 132.7 2636 41472.0 I -26.5 
116 713.1 15,4 289.0 -178.8 110.2 2olo 936911.0 • -122.1 

551 

8000 HP FLUID BED-STEAl! TURBINE 

PER LOCO DEL. TA EXPrnES CAPITAl INVEST~T LOCO SEll PfiiC£ IIOEASE 
Y!AR ~ER LOCO lEAN S!OOOI 11000) OYER 2.11 3800 H.P. OFD'S 

CASE SAl DF2 BTU FUEL IIAINT. NET FUEL LOCO 110001 11000) 
FLEET FUEl 10"10 SAVIII&S IIICR. SAYI116S FACILITIES AVAIL i20t Dtn a1n DCRR 

101 h36.2 20.6 1,.5 -1~4.9 52.7 2636 44732.0 • ·142.5 
78 981.9 29.6 387.~ -155.~ 232.0 2636 34604.0 705.7 1025.1 

31 c63.a 21.5 71!P -l'b.O iU 2U• 13715,0 I ·IIS.2 
56 804.2 26.1 327.5 -152.2 175.3 2636 24687.0 378.4 626.1 

36 761.1 24.7 294.1 -150.3 143,8 26!6 15825.0 I l70.6 
eo 713.1 23.1 257.0 -148.2 108.8 2m ~659.0 I 214.1 

381 

I NOT CAlCULATED-TOO LOV TO COIISIDER 

Summary of Economic Analysis of 
Classified ROM Coal Burning Locomotives 

Fig. I.C.l3 
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COAL BURNING LOCOMOTIVE STUDY 

I. RESULTS 

D. ·Manufacturer•s Expectations 

Both the 8000 HP steam turbine locomotive and the 8000 HP gasifier 
gas turbine locomotives are larger and more complex than the present 
day oil fired diesel. Figure I.C.13 indicates that no railroad could 
realize a 20% DCRR on an 8000 HP option unless the price was very 
near (or below) the equivalent oil fired diesel. Such relatively low 
selling price~ will not interest a locomotive manufacturer to build 
the technology. 

If only 15% DCRR is desired, then -the Burlington-Northern Railroad 
should offer the greatest opportunity to the manufacturer, with 
incremental prices of $398,000 ($189,000 at 3800 HP) for the gasifier 
and $1,025,000 ($486,000 at 3800 HP) for the steam turbine. But a 
review of the pot~ntial costs associated with producing these 
locomotives {proprietary information) and at limited financial 
acceptance by our customers, reveals that this is not attractive 
business for a locomotive manufacturer. 

Similarly, the estimated cost of producing a gas turbin~ with steam 
injection locomotive is too high relatively to the potential locomo­
tive selling price, so that it too is unattractive to the locomotive 
manufacturer. 

The projected costs of the coal fired diesel indicate that it is an 
attractive business worth further pursuit. 

The simple cycle gas turbine locomotive which is predicated on the 
highly efficient, low cost projections of the GE27 turbine is mar­
ginally attractive, and would be pursued only as an alternative to 
the coal fired diesel locomotive. 
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COAL BURNING LOCOMOTIVE STUDY 

I. RESULTS 

E. Summary 

Table I.E.l summarizes the technical and economic data for each of 
the locomotive alternatives. The method used in the economic 
analysis renders each alternative equally economically attractive to 
the railroads. Thus, an incremental locomotive price adder (or 
subtracter) is calculated for each alternative and it is then up to 
the locomotive manufacturer to compare the incremental selling price 
to incremental cost to produce the alternative. 

Only the coal slurry fired diesel ~nd the coal slurry fir~d simple 
cycle gas turbine look attractive to the manufacturer. further, the 
yds turbine Is only marginally attractive; i.e., railroads would have 
to accept a OCRR of less than 15% for it to be attractive to the 
manufacturer. The simple cycle gas turbine should continue to be 
developed as the fall-back alternative to the diese1, should technical 
development difficulties arise. Should the price of diesel fuel 
rise, the simple cycle turbine's attractiveness will gain relative to 
the coal diesel alternative. This is due to the assumption as to the 
need for DF2 pilot injection for th~ diesel and not for the turbine 
which remains to be proven by development. 

Coal Fired Diesel Locomotive 

The coal fired diesel engine tests conducted as part of this study 
have shown that a coal water slurry fuel can in fact be burnt in the 
diesel engine even without pilot injection under certain conditions 
and w'fth themal efficiency comparable to an o11 f1red d1ese1. 
Laboratory 1nject1on schemes have been developed anrl have led the way 
to development of prototype production hardware. The wear and oil 
contamination problems have not been addressed, but the new ceramic 
materials offer promise for a solution. 

A locomotive using a coal slurry fired diesel engine is not greatly 
different than the present oil engine locomotive, and so that changes 
to the railroad infrastructure would be in the operation of plants to 
process the coal-slurry fuel. Such a locomotive would be dispatched 
in the same fashion as today's oil fired locomotives with 3800 HP. 

The total emissions estimate is slightly less than an oil diesel, but 
higher in SOx and en and particulate emissions, and lower in NOx .. 

Coal Fired Simple Cycle Gas Turbine Locomotive 

The coal fired simple cycle gas turbine locomotive actually has 
greater net savings than does the diesel, but requires a relatively 
highPr total investment. Combustion testing of this alternative has 
reveal~d considerably less deposition than would have been expected 
as a result of heavy fuel tests. This is vpry encouraqing. However, 
as of this time the deposits appear to be harder th~n petroleum 
deposits and may be more difficult to removP.. More development is 
needed. There appears to bP. iittle or no erosion as the agglomerated 
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COAL BURNING LOCOMOTIVE STIJOV 

I. RESULTS 

E. Summary 

Coal Fired Simple Cycle Gas Turbine Locomotive (continued) 

particles have a weak cenosphere structure which breaks up after 
combustion and follows the air stream. Although considerable 
development was expended in coal nozzle development, still the 
deposition testing required pilot injection of DF2, to achieve high 
combustion efficiency. Again, more development is needed. The 
economics are marginally favorable for this alternative and are 
predicated on the projected high efficiency and low cost of the GE27 
gas turbine. Only prototype machines have been made and it is 
assumed that this d~v~lnpmPnt will happen under pro~rams outside of a 
coal fired locomotive. Present production turbines such as GE's 
LMSOO could be used to prove the feasibility of a coal fired turbine, 
but the efficiency and cost must be improved to the projected GE27 
level to make the locomotive application economically viable. 

The locomotive itself can be dispatched and used in much the same way 
as today's oil fired diesels. The 5900 HP unit of power is still 
relatively flexible and can be used for all mainline railroad appli­
cations. 

The simple cycle gas turbine locomotive will experience deration at 
higher ambient temperatures. ' 

It is anticipated the railroad maintenance infrastructure will change 
as engine overhaul and repair is eliminated, Engines are a~~umcd to 
be returned to the manufacturer for this service. 

Normdl engine maintenance will be substantially less than the coal 
diesel alternative. The total exhaust emissions is estimated to be 
substantially less than oil diesel although higher in SOx and partic­
ulates. 

8000 HP Coal Fired Locomotives 

The three 8000 HP units, gas turbine with steam injection, gasifier 
gas turbine, and steam turbine, are all large, complex designs. 
Because of this, reliability and availability decrease along with an 
application flexibility dAcrease. So they have a smaller, more · 
dedicated market and because of their poor availability, additional 
investment is needed in the form of more locomotive power (expressed 
in dollars in the analysis) to do the given job on a railroad. 

The gas turbine with steam injection has the same engine and fuel 
development concerns as the simple cycle gas turbine alternative, 
except that additional steam injection at high ambient temperat~res 
will probably eliminate the deration concern. Examination of the 
costs to build such a locomotive for the allowable selling price 
increase, however, would make it unacceptable to a locomotive manu­
facturP.r. 
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COAL BURNIN~ LOCOMOTIVE STUDY 

!. RESULTS 

F.. Summary 

AOOO HP Coal Fired Locomotives (continued) 

The gasifier gas turbine will have no engine development worries, but 
the mobile gasifier is complex, large and heavy. The conceptual 
design is tight and maintenance may be very difficult. It is also 
dependent on sorbent pellet regeneration system development for 
sulfur removal. Although this alternative appears ~o generate the 
lowest emissions, it simply cannot be built to sell for the allowable 
increased selling price. 

The steam turbine alternative is also a tight design. And in spite 
of the use of limestone, it has the highest total exhaust emissions 
(~%Sin Western Coal). This results primarily from low temper~ture 
combustion and low thermal efficiency. The study shows that only one 
railroad, the Burlington-Northern, would burn sufficient amount OT 
low cost western fuel, to be able to afford a locomotive selling 
price which would be attractive to the locomotive manufacturer. ~ven 
so, the DCRR for this railroad is only 15%. Such a small ~arket, 
however, would probably not be sufficient to offset loco~otive 
development cost which is not considered in this analysis. 

F. Conclusions 

A coal fired locomotive using coal water slurry and a diesel engine 
or a gas turbine merits further technical development. The di~sel 
engine locomotive could save the nation's railroads S350 million/year 
in operating expense which represents 15% to 20% return OT their 
investment. Coal ·slurry fuel development processes also looks 
promising. However, additional funding must be generated to cover 
the manufacturer's engine development costs, which are estimated to 
be about $40 million for the diese1 engine only. Assuming the 
manufacturer would share in 1/2 the market of 6000 diesel locomo­
tives, a simple analysis would indicate an additional locomotive cost 
of about $14,000 per locomotive would .be rP.quired to cover the 
development cost. · 

However, ~he development funds are upfront money, and they represent 
a sizable risk to the locomotive manufacturer who is not assured of 
recouping this investment·. Furthermore, qiven the tough current 
railroad business climate (caused by deregulated competition and low 
or no growth of traffic), the railroad industry will be hardpressed 
to risk scarce capital on long term development projects. Thus, the 
risks (and rewards) may have to be shared by all, and more federal 
qovernment support may be needed if a coal-fired diesel-electric 
locomotive is to become a reality. 
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C0AL BURNING LOCOMOTIVE STUDY 

r RESULTS 

F. Conclusions (continue~) 

The coal fired locomotive should be economically attractive to both 
the railroarls and the locomotive manufacturer provided that: 

1) Technical developments for both enginP. and fuel which now look 
feasible can be truly achiP.ved, 

2) OevelopmP.nt funding can be generated. 
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COAL BURNING LOCOMOTIVE STUDY 

II. FUEL COST SAVINGS 

A .. Estimated Cost of Micronized Superclean Coal in Coal-Water Slurry 
with 50% Loading 

1. Introduction 

The superclean coal fuels needed to burn coal successfully in 
diesel engines are not commercially available today (February 
1986). The precise degree of beneficiation needed to provide 
reliable, low maintenance operation of a diesel engine or gas 
turbine with environmentally acceptable emissions is an unknown 
as well. One cannot, therefore, put a precise number on the 
delivered cost of a suitable coal-water slurry fuel, in 
$/mi 11 ion BTU's. 

It is known that a number of manufacturers are working on coal 
beneficiation processes because of the large market potential 
for coal-slurries as a petroleum substitute. Most of these 
efforts are aimed initially at a boiler or heater retrofit 
market where mineral levels of .1-3% can be tolerated. To reach 
these levels, the coal needs to be ground typically to 150 
micron top particle sizes, which may result in 80% below 200 
mesh (depends on raw coal mineral content). 

The coal-water slurries described in most publications are of 
this type and may be referred to as "boiler grade" s 1 urri es. 
For direct combustion in diesel engines, however, coal particles 
must be much smaller and contain lower mineral levels in the 
order of 0.2% by weight. Coal-water slurries of this type are 
sometimes referred to as "engine grade'', and they may have a top 
particle size as low as 20 microns with a mean size of 3-5 
micron~. 

The preparation of superclean, "engine grade" slurries is even 
more .developmental than that of "boiler grade" slurries. 
However, some manufacturers, notably Otisca Industries, Ltd. of 
Syracuse, New York have achieved small scale success in reaching 
particle sizes necessary for good combustion and in reaching 
mineral levels below 1% by weight. Test fuels are available for 
engine testing, but final production economics are not totally 
verified at this time. 

Very important variables in the delivered fuel costs are raw 
coal cost at the mine site and transportation costs. These may 
vary widely depending on location of the operating railroad, 
location of a fuel processing facility, and the location of' 
fueling stations on the railroad. 
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COAL BURNING LOCOMOTIVE STUDY 

II. FUEL COST SAVINGS 

A. Estimated Cost of Micronized Superclean Coal in Coal-Water Slurry 
with 50% Loading 

2. Methodology 

Because of the many variables, it is considered necessary to 
consider costs on a railroad by railroad basis. This can be 
accomplished with reasonable accuracy by the following 
technique: 

2.1 Examine the railroad system in question and determine most 
likely coal sources. A few trials show that the impac~ 
transportation costs are app~a7iable and that ~t ~ill not 
usually r~y to haul coal ~dd1t1onal hundreds ot m1 les to 
achieve a somewhat lower coal price. (See Fig. II.A.3.0). 

2.2 Determine the location of fueling stations such that no 
part of the system is more than 400-500 miles from a 
fueling station. (The locomotives will be designed for a 
range of 1000 miles or more.) See Figs. II.A.3.1 thru 3.6. 

2.3 Determine which fueling station sites would also 
choices ·for location of a coal processing plant. 
should be done to minimize transportation costs, 
raw coal and coal-water slurry (final product). 
II.A.3.1 thru 3.6. 

be likely 
This 

both for 
Figs. 

2.3.1 A summary of Railroad, Fuel Processing Plant & 
Fueling Center Locat1ons and Distances Jre included 

· in Table II.A.3-1. 

2.4 Determine the likely processing cost to produce .. engine 
grade 11 micronized coal water slurries from both Eastern and 
Western coals, independent of capital costs, raw coal costs 
and transportation costs. See Section II.A.5 of this report 
for the derivation of this processing cost. 

2.5 Bas~d on typical coal costs, transportat1~n costs, and 
processing costs, an averaqe fuel prir.P per mil~ion BTU's 
~dn thus be calculated. These numbers, in $/10 BTU's will 
then be used 1n th~ economic study to generate the fuel 
savings which can be achieved by a coal burning locomotive. 
Table II.A.3-2 provides a summary of results by railroad. 

2.6 Based on the above methodology, a typical scenario is· 
outlined. Two coal processing plant locations were 
selected for each railroad system, with the exception of 
Conrail. 
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LOCATIONS OF COAL DEPOSITS IN THE UNITED STATES 

... ANTHIIACt:rl 

~ •TVMtNOUI 

SUI-IITIJMtNOUS 

~ LICIIIIITI 

SOURCE: DOE/EDP-OD12 

FIGURE II.A.3.0 

Locatiuns of fi~lds in which the many ranks of coals are found in the 
United States are shown on the above map. Note. that, in general, the 
higher rank or oldest coals (anthracite) are found in the eastern part of 
the c.ountry and that th~ rank decreases going from east to west. 
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TAIL£ II A 3-1 

SUftftARY OF RR LOCATIOHS,FUEL PROCESSING PLANTS AND FUELING CENTERS 

PROCESSIII6 DISTANCE FuaiN6 DISTANCE AVERA&£ 
COAL SOURCE PLANT CL.TO PLNT STATION SLURRY-Hl SlURRY-HL 

RAILROAD LOCATION LOCATION IIILES LOCATION IIILES IIILES 
------------------------------------------------------------------------------

BN IIYOIIING 6ALESBUR6,Il 900 6AI.£SBURG 0 
IIEIIPHIS 440 
FT. IIORTH · 804 415 

IIYOIIING Bl Lll NGS ,liON 188 BILLINSS · 0 
SPOKANE, IIA 500 
80LD!N, CO ~10 :m 

CONRAIL PENNSYLVANiA . PITTSBRSH 1 PA ton PITTS9R6H,PA 0 
BUFFALO, NY 220 
INDNPLS, IIID 290 167 

CSl KENTUCKY . KNOXYILLE, TE 150 KIIOIYILLE, TE 0 
JCKSHVLLE,FL 520 
MILIIH6TON,HC sen 
IIEIIPHIS,TE 520 408 

PENNSYLVANIA PITTSBR&H,PA 100 PITTSBR&H,PA 0 
CHICASO, Ill 500 250 

HS K(NTUCKY KNOXVILLE, TE 1~0 KNOXVILL!, Tt 0 
ATlANTA, &A 200 
Sf .LOU[&, 110 440 213 

OHIO BELLEVIEW, GH 100 BELLEVIEW, OH o 
NORFOLK, VA 505 253 

SP-ATSF ARZ/NIIEI BRDR ARZ/NII!l BRD 0 ARZ/NIIl BRDR 0 
CADIZ, CA 569 
[1. PASO,. TEl 488 352 

KEIHUC.:V SPRINSFLII,IL 460 SPRJN6FJELD 0 
KANSAS CY,IIO 284 
IIOU~TON, T(l ?75 47D 

UP WY0111N6 TOPEKit,KA 700 TOPEKA, KA 0 
ST.LOUIS, 110 280 
FT .IIORTH, TE 500 260 

IIYOIHH6 SR.RIVER111YO 550 SREEN RIYER,II 0 
ISILLETTEl CALLENTE,NE 380 

RENO JCT.,CA .600 327 
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16-Sep-85 

TABLE II.A.3-2 

SUMMARY OF FUEL COSTS BY RAILROAD 

HEAVY DUTY 1 AVE.COST/tOA6BTU' AVE.C~ST/10~68TU! SYSTEM 
!WESTERN EASTERN 1 PROCESSING PLANT' PROCESSI~G PLANT' AVE.COST 

RAILROAD N0.1 N0.2 $/10A6BTU 
-----~---'----------------'-~---------------'-----------------'----------

8N X 3.938 ' 

CONRAIL I X .I ::.646 I 

csx X ~ ·-·. 166 

NS. X 2.780 I 

I 

ATSF/SP X 2.742 I 

UP X 3.'287 I 

AVERAGE COSTS FOR WESTERN RAILROADS= 

AVERAGE COSTS FOR EASTERN R0ILROADS= 

t~'/ERAGE COSTS FO~: RA ~ I_RCr-.GS·= 

II-11 

:.550 I 

2.810 

2.816 ' 

3.466 I 

3.163 I 

I 
I 

3. 191 

2.844 

:::. ():":.3 

:.646 

2.988 

2. :](l 

3. 1 (i 



30-Au;-e~ 

TABLE II.A.3.1-1 

BN RAILROAD 

GALESBURG COST IN BILLINGS COST l .. ITEM UNITS ILL. S/lO"'oBTU MONT. S/10"'oE 

-------------------- ----- --------- --------- -------- -------
1 MOISTURE-FINAL PROD. X ~3Y. ~3X 
2 COAL SOURCE STATE WYOMING WYOMING 
3 RAW COAL H.HTG.VAL. BTU/et e~oo. e~oo 
4 RAW COAL COST •/TON 11.00 0.6~ 11.00 o. 
~ YIELD X oOY. oOY-
o TONS HLD./TONS PROD. 1.67 1.67 
7 TRANSPORTATION MILES 900 199 
8 II S/T-MI 0~017~ 0.017~ 
CJ II S/TON-ROM 1~.7~ 3.29 

10 II S/10""'6 BTU 1. ~44 o.: 
11 PROCESSING COST S/10"'6 BTU 0.924 o.c 
12 MINUS CAP.COSTS 
13 PRODUCT COST S/10"'6 BTU 3.11~ 1. I 
14 SLURRY TRANSP. MILES 41S 337 
1~ S/T-MI 0.0263 0.0263 
16 S/TON-SL. 10.91 0.822 8.8o o.' 
17 S/TON-CL. 21.83 17.73 
18 H.HTG.VALUE<SLURRY> .BTU/et 663~ 67~0 

19 
20 DELIVERED PROD.COST S/10"'6 BTU 3.939 2.! 
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30-Aug-8:5 

TABLE II. A. 3. 2-1 

CONRAIL RAILROAD 

PTTSBURGH COST IN .. ITEM UNITS PA. I/10"'6BTU 

-------------------- ----- --------- ---------1 MOISTURE-FINAL PROD. ~ :so 
2 COAL SOURCE STATE PA. 
3 RAW COAL H.HTG.VAL. BTU/ .. 12000 
4 RAW COAL COST II TON 33.00 1.38 
:5 YIELD ~ e~x 
6 TONS HLD./TONS PROD. 1.18 
7 TRANSPORTATION MILES 100 
8 II 1/T-I"'I 0.017:5 
9 II 1/TON-ROM 1. 7:S 

10 II 1/10"'6 BTU 0.086 
11 PROCESSING COST 1/10"'6 BTU 0.8:54 
12 MINUS CAP.COSTS 
13 PRODUCT COST 1/10"'6 BTU 2.31~ 
14 SLURRY TRANSP. MILES 167 
l:S S/T-MI 0.0263 
16 1/TON-SL. 4.39 0.331 
17 1/TON-CL. 8.78 
18 H.HTG.VALUECSLURRY> BTU/ .. 663:5 
19 
20 DELIVERED PROD.COST ,1/10"'6 BTU 2.646 

I I-13 



30-AuQ-8' 

TABLE II.A.3.3-1 

csx RAILROAD 

KNOXVILLE COST IN !PTTSBlJRGH COST IN .. ITEM UNITS TENN. S/10""'cBTU PA • ./10""'6B' 
---------------~---- ----- --------- --------- -------- -------~ 

1 MOISTURE-FINAL PROD. % ,0 ,0 
2 COAL. SOURCE STATE KENTUCKY PA. 
3 RAW COAL H.HTG.VAL. BTU/I 12000 12000 
4 RAW COAL COST •/TON ~~.00 t.:!e 33.00 1.: , YIELD % 8'X 8'X 
4 TONS HL.D./TONS PROD. 1.11i 1.18 
1 TRANSPORTATION MILES 1,0 100 
a " S/T-MI 0.017, 0.01?, 
9 " tiTON-ROM 2.63 1. ?:5 

10 .. t/10""6 BTU 0.129 o.o 
11 PROCESSING COST t/10""6 BTU o.e,4 o.8 
12 MINUS CAP.COSTS 
13 PRODUCT COST S/10""6 BTU 2.3~8 2.3 
14 SLURRY TRANSP. MILES 408 2,0 
1, S/T-MI 0.0263 0.0263 
16 S/TON-SL. 10.73 0.809 6.,8 0.-4 
17 S/TON-CL. 21.46 13.1, 
18 H.HTG.VALUE<SLURRY) BTU/I 663, 663, 
19 

l 

20 DELIVERED PROD.COST t/10""~ BTU 3.166 ~.e 
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30-Aug-9~ 

TABLE II.A.3.4-1 

NS RAILROAD 

KNOXVILLE COST IN ~TTSBURGH COST IN .. ITEM UNITS TENN. S/10"'6STU . ~A • S/10"'6STU 

-------------------- ----- --------- --------- -------- ---------1 MOISTURE-FINAL ~ROO. ~ ~0 ~0 
2" COAL SOURCE STATE KENTUCKY ~A. 
3 RAW COAL H.HTG.VAL. BTU/tt 12000 12000 
4 RAW COAL COST S/TON 33.00 1.39 33.00 1. 39 
~ YIELD ~ B~Y. 9~'r. 
6 TONS HLO./TONS ~ROO. 1. 19 1. 19 
7 TRANS~ORTATION MILES 1~0 100 
a II S/T-MI 0.017~ 0.017~ 
9 II S/TON-ROM 2.63 1. 7~ 

10 II S/10"'6 BTU o. 129 0.096 
11 ~ROCESSING COST S/10"'6 STU 0.9~4 0.8~4 

12 MINUS CA~.COSTS 
13 ~ROOUCT COST S/10"'6 STU 2.3~8 2.31~ 
14 SLURRY TRANS~. MILES 213 2~3 
1~ S/T-MI 0.0263 0.0263 
16 S/TON-SL. ~.60 0.422 6.6~ 0.~01 

17 S/TON-CL. .11. 20 13.31 
19 H.HTG.VALUECSLURRY> STU/tt 663~ 663~ 
19 

l 

20 DELIVERED ~ROO.COST S/10"'6 STU 2.790 2.916 
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30-AuQ-9~ 

TABLE I I. A. 3. ~-1 

SP/ATSF RAILROAD 

ARIZ/NMEX COST IN SPRINGFL.O. COST I .. ITEM UNITS BORDER S/10""'6BTU ILL. • S/10""'6E 

-------------------- ----- --------- --------- -------- -------
1 MOISTURE-FINAL. PROD. % ~0 ~0 
2 COAL. SOURCE STATE ARIZ/NMEX KENTUCKY 
3 RAW COAL. H.HTG.VAL.. BTU/• 8~00 12000 
4 RAW COAL. COST S/TON 11.00 0.647 33.00 1.~ 

~ YIELD % 60% 8:5% 
6 TONS HL.D.ITONS PROD. 1.67 1.19 
1 TRANSPORTATION MILES 27o 460 
8 ii $/T-MI 0.017:5 0.017!5 
~ " S/TON-ROM · 4.83 8.0~ 

10 " S/10""'6 BTU 0.474 o.: 
11 FlflltOCESSING COSl S/10"'6 BTU 0.924 o. e 
12 MINUS CAP.COSTS 
13 PRODUCT COST S/10""'6 BTU 2.04~ 2. ~ 
14 SL.URRY TRANSP. MILES 3~2 42~ 
1~ S/T-MI 0.0263 0.0263 
16 S/TON-SL.. 9.26 0.698 11. 19 o. ~ 
17 S/TON-CL.. 18.~2 22.36 
19 H.HTG.VAL.UE<SL.URRY> BTU/I 663~ 663~ 
19 

' 20 DELIVERED PROD.COST t/10""'6 BTU 2.742 3 •• 
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30-Au;-8~ 

TASL.E II.A.3.6-1 

UP RAIL.ROAD 

TOPEI<A COST IN GRN.RIVER COST IN .. ITEM UNITS I<ANSAS S/10"'6STU WYO. S/10"'6STU 
-------------------- ----- ------- --------- -------- ---------1 MOISTURE-FINAL. P.ROD. ~ ~0 ~0 

2 COAL. SOURCE STATE WYOMING WYOMING 
3 RAW COAL. H.HTG.VAL.. STU/4t 8~00 s~oo 
4 RAW COAL. COST S/TON · 11.00 0.6~ 11.00 .0.6~ 
~ YIEI..D X 60X 60X 
6 TONS HL.D./TONS PROD. 1. 67 1. 67 
7 TRANSPORTATION MIL.ES 700 ~~0 

e .. S/T-MI 0.017~ 0.017~ 
9 .. S/TON-ROM 12.2~ 9.63' 

10 II S/10"'6 STU 1.201 0.944 
11 PROCESSING COST S/10""6 STU 0.924 0.924 
12 MINUS CAP.COSTS 
13 PRODUCT COST S/10"""6 STU 2.772 2.~1~ 
14 SL.URRY TRANSP. MIL.ES 260 327 
1~ S/T-MI 0.0263 0.0263 
16 S/TON-SL.. 6.84 0.~1~ 8.60 0.648 
17 S/TON-CL.. 13.68 17.20 
18 H.HTG.VAL.UECSL.URRY> STU/4t 663~ 663~ 

19 
20 DELIVERED PROO.COST ,S/10~6 STU 3.287 3.163 
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COAL BURNING LOCOMOTIVE STUDY 

II. FUEL COST SAVINGS 

A. Estimated Cost of Micronized Superclean Coal in Coal-Water Slurry 
with 50% Loading 

2. Methodology (continued) 

Th~ best.location for these plants will ultimately be determined 
by many factors such as land cost and availability, water 
availability, and other factors. For this study, the processing 
plant locations were selected on maj9r lines of the railroads 
and with the idea of minimizing overall transportation casts. 

If the railroad chooses to provide fuel at more locations, it 
should have little impact on the economics as slurry 
transportation ton-miles are not likely to be impacted 
appreciably (on the average). 

It should be noted that a freight rate of $0.02/ton-mile has 
been used for the raw coal since this appears typical of long 
term contracts* presently in force for supplying coal to 
utilities or parts of shipment. The slurry transportation costs 
were determined to be $0.03 per ton-mile with the need to 
transport equal weights of water and coal accounted for. This 
value is close to the average costs of shipping all commodities 
by ra i1 road. 

Removing the railroads' profit on commercial shipping of coal 
provides a slight reduction in cost per ton-mile and represents 
a more reasonable basis for the fuel transportation costs. With 
a net income of 6.75% on sales, it was estimated that costs 
would be 0.875 x selling price. The numbers for coal and slurry 
transportation costs used in the study without railroad profit 
are 1.75¢/ton-mile for raw coal and 2.63¢/ton-mile for the 
slurry. 

The proces~iny cost of the fuels 1s shown as 92.4ct/milliori 
STU's. This value is for Wp~tP.rn ~o~ls and is sliqhtly higher 
than Eastern coal (85.4¢/MBTU) because of differences in coal 
chemical and physical properties. Details supporting the 
processing costs are covered 1n Section II.A.6 of this report. 

3. Caiculations by Railroad 

3.1 Burlinaton Northern 

The total BN system covers a large portion of the west and 
mid-west. Whereas initial use of a coal burning locomotive 
is likely to take place along heavy coal hauling corridors 

.,. f 

* FRCM VARIOUS TRADE PuBLICATIONS 
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COAL BURNING LOCnMOTIVE STUOY 

· II. FUEL COST SAVINGS 

A. Estimated Cost of Micronized Superclean Coal in Coal-Water Slurry 
with 50% Loading 

3. Calc;rl~tions by Railroad 

3.1 Burlington Northern (continued) 

to maximize savings, it is assumed that, eventually, coal 
burning locomotives would be .distributed to all portions of 
the railroad. See BN system map (Fig. II.A.3.1.). It was 
determined through map inspection that coal processing 
plants be situated in Billings, Montana and Galesburg, 
Illinois. 

The Billings, Montana plant would receive raw coal from 
Powder River Basin (Wyoming) mines and its slurry product 
would be used to fuel locomotives at Billings, Spokane, 
Washington, and Golden, Colorado. By scaling, haulage 
distances were estimated to be 188 miles, on the average, 
for raw coal and 337 miles, on the average for slurry. 

The second fuel processing plant site was selected as 
Gal~sburg, Illinois. This site appeared to involve several 
possible coal sources, such as Wyoming, Illinois or Kentucky. 
Transportation costs would be lowest for Illinois coar, but 
it was assumed that the coal in this area might not be low 
enough in sulphur. The next best source location was 
calculated to be Western, sub-bituminous coal and 
transportation and coal costs were therefore based on this 
source. 

Table II.A.3.1-1 shows the average cost for slurry, includ­
ing transportation costs to the fueling sites, based on the 
assumption of equal fuel cogsumed by each fueling station. 
The higher value of 3.94/10 BTU's is based on the 6 Galesburg, Illinois location. The lower value of $2.55/10 
BTU's is based on Billings, Montana. 

3.2 Conrail 

The Conrail system is an extensive one covering most of 
Northeastern United States. It was determined that one 
large coal processing plant, located at Pittsburgh, could 
serve their entire system, using coal from Pennsylvania or 
West Virginia. 

In addition to a fueling station for slurries in 
Pittsburgh, one was tentatively located in Buffalo, 
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COAL BURNING LOCOMOTIVE STUDY 

II. FUEL COST SAVINGS 

A. Estimated Cost of Micronized Superclean Coal in Coal-Water Slurry 
with 50% Loading 

3. Calculations by Railroad (continued) 

3.2 Conrail (continued) 

New York and one in Indianapolis, Indiana for purposes of 
calculating slurry transportation costs. 

Average costs are estimated to be $2.65/million BTU's. See 
Table II.A.3.2-1. 

3.3 csx 
The CSX system is a widespread system covering much of the 
Eastern United States. It was determined; 1 arge ly by 
inspectiurl uf the maps, that a coal processing piant at or 
near Knoxville, Tennessee using coal from Tennessee or 
Kentucky and a second plant near Pittsburgh using Pennsyl­
vania or West Virginia coal should be able to handle the 
needs of the CSX system. 

The Knoxville plant would provide slurry to fueling facil­
ities at Knoxville; Jacksonville, Florida; Wilmington, 
North Carolina; and Memphis, Tennessee. The Pittsburgh 
plant would provide slurry to fueling facilities in 
Pittsbur·yh ami Chicago, Illinois. · 

Average costs are estimated/calculated to be $3.17/million 
BTU;s for coal processed at Knoxville and $2.81/million 
BTU's for coal processed at Pittsburgh. The differences 
are entirely in transportation charges. See Table 
II.A.3.3-1. 

3.4 NS 

The Norfolk Southern coal processing plants appeared to be 
optimized for locations close to Knoxville and Belleview, 
Ohio. The NS fuel costs were calculated to be $2.78/MBTU 
ann $2.82/MBTU for the Knoxville and Oelleview ~urtions of 
the system. Details are shown in Tabln TT.A.3.4~1. 
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COAL BURNING LOCOMOTIVE STUDY 

II. FUEL COST SAVINGS 

A. Estimated Cost of Micronized Superclean Coal in Coal-Water Slurry 
with 50% Loading 

3. Calculations by Railroad (continued) 

3.5 Southern Pacific/Santa Fe 

This anticipated merger of railroads operates primarily in 
the southwestern part of the United States. With fuel 
processing plants on the Arizona-New Mexico border and 
Springfield, Illinois, fuel costs are calculated to be as 
shown in Table II.A.3.5-1. 

3.6 Union Pacific 

The UP system operates in the far west and central south 
portions of the country. With fuel processing plants at 
Green River, Wyoming and Topeka, Kansas, the fuel costs are 
calculated to be as shown in Table II.A.3.6-1. 
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COAL BURNING LOCOMOTIVE STUDY 

II. FUEL COST SAVINGS 

A. Estimated Cost of Micronized Superclean Coal in Coal-Water Slurry 
With 50% Loading 

4. Fuel Savings Equation 

4.1 Coal Burning Diesel Locomotive 

Fig. I.C.5. shows the method of calculation of fuel 
savings, based on two points, (1) Eastern railroad heavy 
duty cycle, and (2) Western railroad heavy duty cycle. 
These two cases correspond to the Digicalc spreadsheets 
WS-30 and WS-17 (Appendix 'A'). 

The annual fuel consumption for these two cases are known 
from railroad data to be 280,000 ga11ons for Eastern Heavy 
Duty and 440,000 gallons for Western Heavy Duty. 

The fuel cost savings are obtained directly from WS-30 and 
WS-17. These worksheets show a cost per HP-HR for the 
engine operating on diesel fuel as well as the cost when 
operating on coal water slurry with pilot diesel injection 
only. The savings are 38.55% for Eastern duty cycle and 
35.54% for Western duty cycle. There are two principal 
factors which contribute to these differences: 

. The dominant factor is the lower slurry cost per 106 
DTU's for East~rrr rdllroads derived from the fact that 
cual transportation costs and processing costs were lower 
for Eastern than for Western railrn~d~. This fact more 
than compensates for factor number 2 . 

• The Eastern duty cycle has less time in notch 8 and more 
time in yard idle. This tends to provide higher fuel 
costs for Eastern than for Western roads, since more 
BTU's are supplied from diesel fuel (at idle) and since 
the nvP.rall duty c.vcle thermal efficiency is lower 
(35.295% versus 36.440%). 

Based on the two cases calculated, the fuel savings per 
year for the Eastern duty cycle is $91,749 and for the 
Western duty cycle is $132,920. 

In applying these results to various railroads, it is 
assumed that there is a linear relationship in fuel cost 
savings as a function of the total gallons of diesel fuel 
normally consumed by the locomotives in question. The fuel 
cost savings, therefore, take the form of a = b +ex, where 

b = the fuel savings for a low usage fleet of 
locomotives which burn only 160,000 gallons of fuel 
per year. 
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COAL BURNING LOCOMOTIVE STUDY 

II. FUEL COST SAVINGS 

A. Estimated Cost of Micronized Superclean Coal in Coal-Water Slurry 
With 50% Loading 

4. Fuel Savings Equation 

4.1 Coal Burning Diesel Locomotive (continued) 

c = the slope of the line for increased fuel savings/year 
per additional gallon consumed above 160,000 
gallons/year. · 

The equation then becomes (for the data analyzed): 

Fuel Savings = $60,871 + 0.257 x (Gallons/yr. - 160,000). 

This equation is included in each DCRR spreadshe~t to 
determine the fuel cost savings per locomotive year. 

4.2 Direct Fired GE27 Gas Turbine Locomotive 

In a similar fashion, a fuel savings equation was developed 
for the direct fired GE27 gas turbine locomotive. Percent 
fuel savings taken directly from Digicalc Spreadsheets, 
WS36 and WS40 for the Eastern Duty Cycle & Western Duty 
Cycle respectively were 35% & 30.9%. 

Using the same procedure as in Section 4.1, the fuel 
savings equation was found to be: 

Fuel Savings = $58,663 + .2059 X (Gal/Year - 160,000) 

4.3 Direct Fired GE27 Gas Turbine Locomotive With Steam 
Injection 

By injecting steam, the GE27 output is increased from 
5900 to 8000 HP with this alternative. Percent fuel 
savings taken directly from Digicalc Spreadsheets, WS8 
and WS9 for the Eastern Duty Cycle and Western Duty 
Cycle respectively were 45.73% & 41.53%. 

Using the same procedure as in Section 4.1, the fuel 
savings equation was found to be: 

Fuel Savings = $73,980 + .2905 X (Gal/Year-160,000). 
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COAL BURNING LOCOMOTIVE STUDY 

II. FUEL COST SAVINGS 

A. Estimated Cost of Micronized Superclean Coal in Coal-Water Slurry 
with 50% Loading 

5. Coal Processing Costs 

Introduction 

The following pages, with Fig. II.A.6-l to Fig. II.A.6-3, provide 
a detailed estimate of the operating costs of the coal processing 
plants as covered under Section VI. Additionally, the operating 
costs are expressed as dollars per million BTU's to assist in 
determining the total fuel costs. The· costs are broken down into 
input electrical power, water, maintenance, chemicals and 
salarie$, Taxes were not included in the oper~ting r.n~ts of th~ 
plant. (They are included in the capital costs.) It is assumed 
that whatever local taxes are affected would either be very small 
or replace taxes now in effect. 

The figures also provide concise specifications of the plant 
capacity in BTU's and coal water slurry output. 

B. Estimated Cost of ROM Coal for Fluid Bed Steam Turbine and Gasifier 
Concepts 

1. Introduction 

Fuel costs were determined prcviou~ly for CWS fuel3 to be used 
for the coal burning diesel, direct fired gas turbine and direct 
fired gas turbine with steam injection alternatives. For 
fluidized bed steam turbine and gasifier options, ROM coal will 
be used with inherently lower costs because it is not processed 
prior to burning on the locomotive. 

As for the CWS, transportation co~t~ will ul5o be important. 
Fueling stations h~ve been selected as in Section IIA, but for 
the alternat1ve 1ocomot1ves, there will be no need for CWS 
processing pl~nt.~. Th~ ~oal is therefore transported directly 
from mine to the fueling station, saving the extra transportation 
step to the processing cent.er. 
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COAL BURNING LOCOMOTIVE STUDY · 

COAL PROCESSING COSTS 

PLANT SPECIFICATIONS 
A. PLANT SLURRY OUTPUT (BTU/YR) 
B. PLANT HRS/YR 
I. INPUT TONS/YR 
J. INPUT TONS/HR 

ROM COAL SPECIFICATIONS 
C. BTU/LB 
D. % MOISTURE 
E. % MINERAL MATTER 
G. COST/TON ($) 
H. COST/106 BTU 

INPUT POWER 
K. HAMMER MILLS KWH/INPUT TON 
L. HAMMER MILL YEARLY COST ($) 
M. HAMMER MILL (COST/106 BTU) 
N. DRY COAL INPUT (TONS/YR) 
P. OTHER POWER (KWH/OUTPUT TON) 
Q. OTHER POWER YEAR COST ($) 
R. OTHER POWER (COST/106 BTU) 

SLURRY SPECIFICATIONS 
F. DRY COAL OUTPUT (TONS/YR) 
S. WATER (TONS/YR) 
T. TOTAL SLURRY (TONS/YR) 
U~ SLURRY HEAT CONTENT {BTU/#) 

EASTERN BITUMINOUS 

DATA COST/106 BTU 

WESTERN BITUMINOUS 

DATA COST/106 BTU 

1. 755x 1013 

6,500 
731,250 

112.5 

12,000 
5 

1.755x1013 

6·, 500 

1, 035 '940 
159 

8,500 
29 

10 11 

3.20 
117,000 

694,688 
133.5 

These costs shown separately 
These costs shown separately 

3.20 
165,700 

0.007 
735.517 
133.5 

$4,637,300 $4,909,600 

621,563 
700,910 

1,322,473 
6,635 

FIG. II.A.6-1 
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COAL BURNING LOCOMOTIVE STUDY 

COAL PROCESSING COSTS 

EASTERN BITUMINOUS WESTERN BITUMINOUS 

DATA COST/l06·BTU DATA COST 1106 BTL 
WATER USAGE 
v. WATER ADDED (TONS/YR) 664,347 400,487 
w. PROCESS MAKE-UP (TONS/YR) 29,248 45,580 
X. TOTAL WATER (TONS/YR) 693,595 446,067 
Y. WATER PROCESSING COST ($/YR) 1,733,988 1,115,168 
z. WATER COST/106 BTU 0.099 0.064 

MAINTENANCE 
AA. YEARLY MAINTENANCE 1,864,689 1,864,689 

(@ $3/0UTPUT DRY COAL) 
AB. MAINTENANCE ($/106 BTU) 0.106 0.106 

AGGLOMERATE 
AC. AGGLOMERATE USAGE #/TON DRY COAL 10 10 
AD. YEARLY AGGLOMERATE COST $ 1,864,689 l,864,689 

(@ $1.50/GALLON) 
A E. AGGLOMERATE (COST/106 BTU) 0.106 0.106 

ADDITIVES 
AF. YEARLY COST @ $5/INPUT TON 3,656,250 5,179,700 
AG. ADDITIVES COST/106 BTU 0.208 0.295 

PAYROLL 
AH. YEARLY COST ($) 1,131,520 1,131,520 
AI. PAYROLL COST/106 BTU 0.064 0.064 

AJ. TOTAL PROCESSING COST 
COST/106 BTU $0.854 $0.924 

FIG. II.A.6-2 
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COAL BURNING LOCOMOTIVE STUDY 

COAL PROCESSING COSTS 

* FOOTNOTES 

1. A, 8, C, D, E, F, G, K, P, AC are given. 

2. I = A/ ( 2000*C) 
3. J = I/8 
4. F = I x [ 1 - ( D+E) I 100] 
5. L :: K * I * $.OS 
6. M = L/A * 1E6 
7. N = I * [1 - D/100] 
8. P = 133.5 KW/Ton 
9. Q = P * N * .ns 

10. R = Q/A * 1E6 
11. S = 53/47 * F 
12. T = S + N 

13. U = A/(T * 2000) 
14. V = S - I(D/100) 
15. W = (E/100)I * (.4) 
16. X = V + W 

17. Y = $.01 * X * 2000/8 
18. Z = Y/A * 1E6 
19. AA = N * $3.00 
20. A8 = AA/A * 1E6 
21. AD = $1.50 * (AC/5) * F 
22. AF • $5 *· I 
23. AG = AF/A * 1E6 
24. AH = 832,000 * 1.36 
25. AI = AH/A * 1E6 
26. AJ = M + ~ + Z + A8 + AE + AG + AI 

FIG. II.A.6-3 
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COAL BURNING LOCOMOTIVE STUDY 

II. FUEL COST SAVINGS 

B. Estimated Cost of ROM Coal for Fluid Bed Steam Turbine and Gasifier 
Concepts (continued) 

2. Methodology 

The purpose of this study was to determine the most economical 
fuel sourcing strategies for railroads operating a coal fueled 
locomotive with a fluid bed boiler, steam turbine or a gasifier 
power plant. Coal ROM cost, transport cost, desulfurization 
cost and ash disposal costs were calculated and summed to 
determine the total fuel dependent cost. 

Fuel sources were studied for six major domestic 
including BN, Conrail, CSX, NS, SP-ATSF and UP. 
sites were evaluated for each railroad as listed 
(see maps Sect1on IIA). 

railroads, 
Several fueling 
in Table II 8.3 

The fluid bed combustion system under study required l/4XO 
screened coal. The ROM coal prices were based on current 
reports on double screened stoker coal. Coal was considered 
from all the major domestic coal producing reginns, but was 
limited to bituminous and sub-bituminous ranks. State-wide 
averages were used for coal heating value, sulfur, ash and ROM 
price. No attempt was made to minimize these quantities with 
reference to local conditions or contracts. Coals from 16 
states were included in the study. They fell into four basic 
categories: (1) Low sulfur Appr~l.::u::hian bituminous; (2) High 
sulfur Midwest bituminous; (3) Western bituminous; (4) Western 
sub-bituminous. The heating value, sulfur, ash and ROM price of 
the coals are listed in Tabl~ II B.4. 

Coal from up to three sources was evaluated at each fueling 
station. The coal sources were chosen based on price and 
proximity as primary criteria. Coal heating value and quality 
were used as secondary criteria. 

The delivered cost· was determined by adding thP ROM pri~e and 
transportation cost and normalizing by heating value. Coal 
haulage mileage was esti~a~~d for r~illine maps! H~yl~ge rates 
were determined to be $.0175/ton mile for large coal contracts 
and $.03/ton mile for ~eneral freight. The low~r rate w~s 2u~ed for coal haulage and h1gher rate was used for l1mestone. ' ' 

The cost of neutralizing the sulfur in the coal was calculated 
by supplying Ca in the form of limestone. A Ca/S molar ratio of 
two is necessary for a high degree of removal. Since limestone 
(CaC03) has three times the molecular weight of sulfur, a weight 
ratio of six was used in this study. Crushed limestone is 
generally available throughout the country so a gonstant price 
of $4/ton and a distance of 100 miles was used ' . 
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COAL BURNING LOCOMOTIVE STUDY 

II. FUEL COST SAVINGS 

B. Estimated Cost of ROM Coal for Fluid. Bed Steam Turbine and Gasifier 
Concepts 

2. Methodology (continued) 

The disposal cost of ash and spent limestone was determined to 
be $4/son from the local power plant and was used for the entire 
study. 

The major drivers that determined the total fuel cost were ROM 
coal price and coal transport cost. The cost of sulfur 
neutralization and ash disposal normally contributed less than 
10% of the total fuel cost. The sulfur and ash content of the 
fuel may have a major impact on the capital cost and 
maintenance cost of the locomotive, however. 

The minimum cost fuel for each fueling station was chosen and an 
unweighted average taken for each railroad. These figures can 
be seen in Table II.B.5~ The average fuel costs grouped the six 
railroads into two groups. The western railroads, UP, SP-ATSF, 
and BN, which had close access to low cost western coal had an 
average coal cost of 1.157 $/MBTU. The eastern railroads, 
ConRail, CSX, and NS, had to rely on more expensive eastern coal 
which had a higher a-verage co a 1 cost at 1. 562 $/MBTU. 
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COAL BURNING LOCOMOTIVE 

II. FUEL COST SAVINGS 

B. Estimated Cost of ROM Coal For Fluid Bed Steam Turbine 
and Gasifier Concepts 

Railroad 
BN 

CR 

csx 

NS 

SF-SP 

UP 

3. Summary of Most Economical Coal Sources 

·Table II.B.3.a 

Fuel Station 
Galesburg, IL 
Memphis, TN 
Ft. Worth , TX 
Bi 11 i ng, MN 

-Spokane, WA 
Golden, CO 

Buffalo, NY 
Pittsburgh, PA 
Indianapolis, IN 

Knox vi 11 e, TN 
Jacksonville, FL 
Wilmington, NC 
Memphis, TN 
Pitt~burgh; flA 
Chicago, IL 

Knoxville, TN 
Atlanta, GA 
St. Louis, MO 
Belleview, OH 
Norfolk, VA 

Arizona/New Mexico 
Cadiz, CA 
El Paso. TX 
Springfield, IL 
Kansas City, MO 
Houston, TX 

Topeka, KS 
St. Louis, MO 
Ft. Worth, TX 
Green River, WY 
Ca 11 en to, NV 
Reno Junction, CA 

Coal Source 
Illinois 
Wyoming 
New Mexico 
Montana 
Arizona 
Wyoming 

Average 

Pennsylvania 
Pennsylvania 
Indiana 

Average 

Tennessee 
Kentucky 
Kentucky 
Indiana 
P!nnsylvania 
Indiane 

Tennessee 
Kentucky 
Illinois 
Ohio 

Average 

Pennsylvania 

Arizona 
Arizona 
Arizona 
I 11 i noi s 
Wyoming 
Arizona 

New Mexico 
Illinois 
New Mexico 
Wyoming 
Arizona 
Arizona 
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Average 

Average 

Average 

Fuel Cost {$/M BTU) 
1.617 
1. 578 
1.216 

.749 
1.487 

.919 
1. 261 

1.578 
1.453 
1.546 
1. 526 

1.439 
1.804 
1. 731 
1.746 
1. 452 
1.626 
1.633 

1.439 
1.622 

. 1. 498 
1.452 
1.631 
1. 528 

.612 
1.010 
1. 010. 
1.577 
1.375 
1.249 
1.139 

1.169 
1.498 
1. 216 
.767 
.771 

1.010 
1.072 



. COAL BURNING LOCOMOTIVE 

II.· FUEL COST SAVINGS 

B. Estimated Cost of ROM Coal For Fluid Bed Steam Turbine 
and Gasifier Concepts 

3. Surrmary of Most Economical Coal Sources (continued) 

Table II.B.3.b 

Coal data used to calculate appropriate coal sources to fuel 
fluid bed boiler locomotive 

State BTU/lB %S $Ash 

Alabama 12129 1.40 12.30 
Arizona 10998 .52 9.31 
Colorado 10728 .46 8.20 
Illinois 11027 2.66 9.99 
Indiana 10937 2.53 10.01 
Kentucky 12012 1.77 10.52 
Missouri 10242 4.57 16.07 
Montana 8968 .61 7.11 
New Mexico 9350 .71 19.35 
Ohio 11664 3.27 11.45 
Pennsylvania 12266 1.83 13.53 
Tennessee 12530 1. 36 10.11 
Utah 11575 .so 10.12 
Virginia 12818 .98 9.93 
West Virginia 12491 1. 75 11.04 
Wyoming 8638 .41 5.85 

Refer"·eru:.t::!S: 

Cost and Quality of Fuels for Electric Utility Plants 1984, 
DOE/EIA-9191 (84), Energy Information Actm·inistration, 
Wash1ngton, DC, July 1985. 

Coal Outlook, January - July 1985. 

$ROM 

39 
11 
30 
30 
30 
33 
30 
11 
11 
30 
33 
33 
30 
33 
33 
11 

Coal Fired Diesel Engine - Economic Study, DOE-GE TSBO, September 1985. 

Keystone Coal Handbook, 1984. 
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COAL BURNING LOCOMOTIVE 

II. FUEL COST SAVINGS 

B. Estimated Cost of ROM Coal For Fluid Bed Steam Turbine 
and Gasifier Concepts (continued) 

4. Distribution of Sulfur in Actively Mined Bituminous and 
Sub-Bituminous Coals 

Fig. II.B.4 

PER C~NT SUL..~UR 

t. ' 0 - 1 

1 - 2 

2 - 3 

3 - 4 
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COAL BURNING LOCOMOTIVE 

II. FUEL COST SAVINGS 

B. Estimated Cost of ROM Coal For Fluid Bed Steam Turbine 
and Gasifier Concepts (continued) 

5. Regional Fuel Averages 

Table II.B.5 

Western Railroads Total Coa 1 Cost 

UP 1.072 

SF-SP 1.139 

BN 1.261 
Average 1.157 

Eastern Railroads 

CR 1.526 

csx 1.633 

NS 1.528 
Average 1.562 

II-33 

($/MBTU) 



COAL BURNING LOCOMOTIVE 

II. FUEL COST SAVINGS 

B. Estimated Cost of ROM Coal For Fluid Bed Steam Turbine 
and Gasifier Concepts (continued) 

6. Calculations by Railroad 

As in Section liAs calculations have been prepared for each 
railroad and for each fueling station. 

These have been summarized in Tables II.B.6-1- !1.8.6-17. 

Locations of these sites may be seen in the maps in Section 
II.A.3. 
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II. FUEL COST SAVINGS 

B. Estimated Cost of ROM Coal for- Fluid Bed Steam· 
Turbine and G~sifier- Concepts 

6.0 Calculations by Railr-o~d 

6.1 SP-ATSF RAILROAD 

Tablt~ IIB.6-1 

COAL FUELING STATION 

COAL SOURCE 
COAL HEAT VALUE 
COAL X SULFUR 
COAL X ASH 
ROM COAL COST 
COAL PROCESS COST 
COAL DISTANCE 
COAL HAUL RATE 
COAL TRANS. COST 

COAL DELIVERED COST 

LIMESTONE COST 
LIMESTONE DISTANCE 
LIMESTONE HAUL RATE 
LIMESTONE/SULFUR 
ASH DISPOSAL COST 
TOTAL L.S. &c ASH 

TOTAL COAL COST 

COAL FU!LING STATION 

COAL SOURCE 
C()!:\L HEAT VALUE 
COAL X SULFUR 
COAL X ASH 
ROM COAL COST 
COAL PROCESS COST 
COAL DISTANCE 
COAL HAUL RATE 
COAL TRANS. COST 

STATE 
BTU/LB 

X 
X 

$/TON 
$/TON 
MILES 
$/TON*MI 
$/TON 

S/MBTU 

$/TON 
MILES 
S/TON*MI 
MOLE RATI 
$/TON 
S/MBTU 

S/MBTU 

STATE 
8TU/LB 

X 
X 

$/TON 
$/TON 
MILES 
$/TON*MI 
$/TON 

COAL DELIVERED COST S/M6TU 

LIMESTONE COST 
LIMESTONE DISTANCE 
LIMESTONE HAUL RATE 
LIMESTONE/SULFUR 
ASH DISPOSAL COST 
TOTAL L.S. & AS~ 

TOTAL COAL COST 

$/TON 
MILES 
S/TON*MI 
MOLE RATI 
$/TON 
$/MBTU 

S/MBTU 
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ARIZONA-NEW MEXICO BORDER 

WYOMING ARIZONA 
B638 . 10998 

• 4 • 5 
5.8 9.3 

11.00 11.00 
o.oo 0.00 

600 100 
.018 .018 

10. 50 1 . 75 

1 .245 

·4.00 
100 

. 030 
2 

4.00 
. 029 

1. 274 

.sao 
4.00 

100 
.030 

2 
4.00 
.033 

.612 

CAD 1 Z , CALI FOR I A 

WYOMING 
9638 

.4 
5.9 

11 • 00 
o.oo 

950 
.019 

~6.62 

UTAH ARIZONA 

1. 599 

4.00 
100 

.030 
2 

4.00 
.029 

1.629 

115'75 10998 
.s 

1 0. 1 
30.00 
o.oo 

600 
.019 

.. 10.50 

1 • 749 

4·.00 
100 

. 030 
2 

4.00 
.032 

1 • 791 

.s 
9.3 

11 • 00 
0.00 

600' 
.019 

10.50 

.. 977 

4.00 
100 

. 030 
2 

4.00 
.033 

1 • 0 1 0 



I I . FUEL COST SAVINGS 

B. Estimated Cost of ROM Coa 1 fol" 
Tul"bine and Gasifier' Concepts 

6.0 Calculations by Rai ll"oad 

6. 1 SP-AT SF RAILROAD 

Table I I B. 6-2 

COAL FUELING STATION 

COAL SOURCE 
COAL HEAT VALUE 
COAL % SULFUR 
COAL X ASH 
ROM COAL COST 
COA~ ~ROCESS COST 
COAL DISTANCE 
COAL HAUL RATE 
COAL TRANS. COST 

COAL DELIVERED COST 

LIMESTONE COST 
LIMESTONE DISTANCE 
LIMESTONE HAUL RATE 
LIMESTONE/SULFUR 
ASH DISPOSAL COST 
TOTAL L.S. & ASH 

TOTAL COAL COST 

COAL FUELING STATION 

COAL SOURCE 
COAL .HEAT VALUE 
COAL % SULFUR 
COAL 'l. ASH 
ROM COAL COST 
COAL PROCESS COST 
COAL Cl STANCE 
COAL HAUL RATE 
COAL TRANS. COST 

COAL DELIVERED COST 

LIMESTONE COST 
LIMESTONE DISTANCE 
LIMESTONE HAUL RATE 
LIMESTONE/SULFUR 
ASH DISPOSAL COST 
TOTAL L.S. & ASH 

TOTAL COAL COST 

STATE 
BTU/LB 

% 
X 

$/TON 
$/TON 
MILES 
$/TON*MI 
$/TON 

$/MBTU 

$/TON 
MILES 
$/TON*MI 
MOLE RATI 
$/TON 
$/MBTU 

S/HBTU 

STATE 
BTU/LB 

% 
% 

$/TON 
$/TON 
MILES 
'i/TON*t"li 
$/TON 

$/MBTU 

$/TON 
MILES 
$/TON*MI 
MOLE RATI 
$/TON 
$/MBTU 

$/MBTU 
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Fluid Bed Steam 

EL PASO, TEXAS 

WYOMING NEW MEX ARIZONA 
8638 9350 10998 

.4 .7 .5 
5.9 19.4 9.3 

11 . 00 11 . 00 11 • 0 0 
o.oo o.oo o.oo 

850 400 600 
.018 .018 .018 

14.88 7.00 10.50 

1. 499 .963 .977 

4.00 4.00 4.00 
100 100 100 

.-030 • 030 .030 
2 2 2 

4.00 4.00 4.00 
.029 • 066 .0~3 

1. 527 1 • 029 1 . 010 

SPRINGFIELD, ILUNOIS 

ILLINOIS KENTUCKY WYOMONG 
11027 12012 8638 

2.i 1.8 .4 
10 0 0 10.5 5.8 

30.00 33.00 11 . 00 
o.oo 0.00 o.oo 

150 5UU 750 
.018 .018 .018 
2.63 8.75 13. 13 

1 .479 1. 738 1·. 396 

4.00 4.00 4.00 
100 100 100 

• 030 • 030 . 030 
2 2 2 

4.00 4.00 4.00 
.098 .066 .029 

1. 577 1. 804 1. 426 



II. FUEL COST SAVINGS 

B. Estimated Cost of ROM Coal for Fluid Bed Steam 
Turbine and Gasifier Concepts 

6.0 Calculations by Railroad 

6.1 SP-ATSF RAILROAD 

Table IIB.6-3 

COAL FUELING STATION KANSAS CITY, MISSOURI 

COAL SOURCE 
COAL HEAT VALUE 
COAL X SULFUR 
COAL. X ASH 
ROM COAL COST 
COAL PROCESS COST 
COAL DISTANCE 
COAL HAUL RATE 
COAL TRANS. COST 

COAL DELIVERED COST 

LIMESTONE COST 
LIMESTONE DISTANCE 
LIMESTONE HAUL RATE 
LIMESTONE/SULFUR 
ASH DISPOSAL COST 
TOTAL L.S. & ASH 

TOTAL COAL COST 

COAL FUELING STATION 

COAL SOURCE 
COAL HEAT VALUE 
COAL X SULFUR 
COAL X ASH 
ROM COAL COST 
COAL PROCESS COST 
COAL DISTANCE 
COAL HAUL RATE 
COAL TRANS. COST 

COAL DELIVERED COST 

LIMESTONE COST 
LIMESTONE DISTANCE 
LIMESTONE HAUL RATE 
LIMESTONE/SULFUR 
ASH OISPOSAL COST 
TOTAL L.S. & ASH 

TOTAL COAL. COST 

STATE 
BTU/LB 

X 
X 

$/TON 
$/TON 
MILES 
S/TON*MI 
$/TON 

S/MBTU 

$/TON 
MILES 
S/TON*MI 
MOLE RATI 
$/TON 
S/MBTU 

$/MBTU 

$TATE 
BTU/LB 

X 
X 

$/TON 
$/TON 
MILES 
S/TON*MI 
$/TON 

S/MBTU 

$/TON 
MILES 
S/TON*MI 
MOLE RATI 
$/TON 
$/MBTU 

$/MBTU 
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ILLINOIS KENTUCKY 
11027 12012 

2.7 1.8 
10.0 10.5 

30.00 33.00 
. 0.00 0.00 

300 450 
.018 .018 
5.25 7.88 

1. 598 

4.00 
100 

• 030 
2 

4.00 
.098 

1 .696 

1 • 7.0 1 

4.00 
100 

. 030 
2 

4.00 
.066 

1. 768 

HOUSTON, TEXAS. 

COLORADO 
10728 

.5 
8.2 

30.00 
0.00 

900 
.019 

15.75 

2.132 

4.00 
100 

.030 
2 

4.00 
.029 

2. 162 

ALABAt-1A 
12129 

1 • 4 
12.3 

39.00 
o.oo 

500 
.018 
9.?5 

1 .969 

4.00 
100 

.030 
2 

4.00 
.058 

2.027 

WYOMING 
9639 

.4 
5.8 

11 . 0 0 
o.oo 

700 
.018 

12.25 

1.346 

4.00 
100 

• 030 
2 

4.00 
. 029 

1. 375 

ARIZONA 
10998 

.5 
9.3 

11 . 00 
o.oo 

900 
.018 

15.75 

1 ·• 21 6 

4.00 
100 

.030 
2 

4.00 
.033 
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II. FUEL COST SAVINGS 

B. Estimated Cost of ROM Coal for Fluid Bed Steam 
Turbine and Gasifi•r Conc•pts 

6.0 Calculations by Railroad 

6.2 BN RAILROAD 

Tabl• IIB.6-4 

COAL FUELING STATION BILLINGS ,Ma-ITANA 

COAL SOURCE STATE MONTANA WYOMING 
Co.t.L HEAT VALUE BTUl'LB 8968 i'ii 
COAL X SULFUR X .6 .4 
COAL. X ASH X 7. 1 ~.e 
ROM ·COAL COST $/TON 11 .oo. 11 • 00 
C~L PROCESS COST s/TON o.oo o.oo 
COAL OI STANCE MILES 100 200 
·COAL HAUL RATE $/TON•MI .018 .018 
COAL TRANS. COST $/TON 1. 75 3.50 

COAL DELIVERED COST S/MBTU . 711 .839 

LIMESTONE COST $/TON 4.00 4.00 
LIMESTONE DISTANCE MILES 100 100 
LIMESTONE HAUL RATE S/TON•MI • 030 .030 
LIMESTONE/SULFUR. MOLE RATI 2 2 
ASH DISPOSAL COST $/TON 4.00 4.00 
TOTAL L.S. & ASH ./MBTU • 039 .029 

TOTAL COAL COST S/MBTU .749 .869 

COAL FUELING STATION GALESBURG, ILLINOIS 

COAL SOURCE STATE ILLINOIS p~ WYOMING 
COAL HEAT VALUE BTU/LB 11027 12266 8638 
COAL X SULFUR X 2.7 1.8 .4 
COAL X ASH X 10 I 0 13.5 ~.8 
ROM COAL COST $/TON 30.00 33.00 11.00 
COAL PROCESS COST $/TON o.oo o.oo 0100 
COAL DISTANCE MILES 200 600 900 
COAL HAUL RATE $/TON•MI .018 .018 .018 
COAL TRAt-.!S I COST S/TON 3.50 10.50 15175 

COAL DELIVERED ~CST S/MBTU 1 I 519 1. 773 1 1548 

LIME STONE COST S/TON 4.00 4.00 4.00 
LIMESTONE DISTANCE MILES 100 100 100 
~IMESTONE HAUL RATE S/TON•MI . 030 .030 . 030 
LIMESTONE/SULFUR MOLE RATI 2 2 2 
ASH DISPOSAL COST S/TON 4.00 4.00 4.00 
TOTAL L.S~ & A'SH S/MBTU .098 . 071 .029 

t TOTAL COAL COST S/MBTU 1. 617 1. 844 1 ,578 
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II. FUEL COST SAVINGS 

8; Estimated Cost of ROM Coal for Fluid Bed Steam 
Turbin• and Gasifier Concepts 

6.0 Calculations by Rai !road 

6.2 BN RAILROAD 

Table IIB.6-5. 

COAL FUELING STATION 

COAL SOURCE 
COAL HEAT VALUE 
COAL X SULFUR 
COAL X ASH 
ROM COAL COST 
COAL PROCESS COST 
COAL DISTANCE 
COAL HAUL RATE 
COAL TRANS. COST 

COAL DELIVERED COST 

LIMEST()>..IE COST 
LIMESTONE DISTANCE 
LIMESTONE HAUL RATE 
LIMESTONE/SULFUR 
ASH DISPOSAL COST 
TOTAL L.S. & ASH 

TOTAL COAL COST 

COAL FUELING STATION 

COAL SOURCE 
COAL HEAT VALUE 
COAL X SULFUR 
COAL X ASH 
RCJ-1 COAL COST 
COAL PROCESS COST 
COAL D I ST~CE 
COAL HAUL RATE 
COAL TRANS. COST 

COAL DELIVERED COST 

LIMESTONE COST 
LIMESTONE DISTANCE 
L1MESTONE HAUL RATE 
LIMESTONE/SULFUR 
ASH DISPOSAL COST 
iOTAL L.S. & ASH 

TOTAL GOAL. CI;)ST 

STATE 
BTU/LB 

X 
X 

$/T()-..1 
$/TON 
MILES 
$/TON*MI 
$/TON 

$/MBTU 

$/TON 
MILES 
S/TON*MI 
MOLE RATI 
S/TON 
$/MBTU 

$/MBTU 

STATE 
BTU/LB 

X 
X 

S/TON 
S/TON 
MILES 
S/TON*MI 
S/TON 

S/MBTU 

S/TON 
MILES 
S/TON*MI 
MOLE RATI 
S/TON 
S/MSTU 

$. 'MBTU 
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GOLDEN, COLORADO 

COLORADO WYOMING 
10729 9639 

• 5 • 4 
9.2 5.9 

30.00 11.00 
o.oo o.oo 

200 250 
.019 .019 
3.50 4.39 

1 . 561 .990 

4.00 4.00 
100 100 

.030 .030 
2 2 

4.00 4.00 
.029 • 029 

1 . 591 .919 

FORT WORTH, TEXAS 

ALABAMA NEW HEX 
12129 9350 

1 • 4 .7 
12.3 19.4 

39.00 11 . 00 
o.oo o.oo 

150 600 
.019 .019 
2.63 10.50 

1. 716 1 .150 

4.00 4.00 
100 100 

.030 .030 
2 2 

4.00 4.00 
.058 • 066 

1. 774 1.214! 

WYOMING 
9639 

.4 
5.9 

11 • 00 
o.oo· 
1000 
.019 

17.50 

1 .650 

4.00 
100 

. 030 
2 

4.00 
.029 

1. 679 



II. FUEL COST SAVINGS 

B. Estimated Cost of ROM Coal for Fluid Bed Steam 
Turbin• and· Gasifier Concepts 

6.0 Calculations by Railroad 

6.2 BN RAILROAD 

Tabl• IIB.6-6 

COAL FUELING STAT I ON MEMPHIS, TENNESSEE 

COAL SOURCE STATE ILLINOIS KEN. WYOMING 
COAL HEAT VALUE BTU/LB 11027 12012 8638 
COAL X SULFUR X 2.7 1.8 .4 
COAL X ASH X 10.0 10.5 5.8 
Ra-1 COAL COST $/TON 30.00 33.00 11 . 00 
COAL PROCESS COST S/TON 0.00 o.oo 0.00 
COAL DI ST~CE MIL.ES 250 400 900 
COAL HAUL RATE S/TON*Ml • 018 .018 .018 
CoAL TRANS. COST S/TON 4.38 7.00 15.75 

COAL DELIVERED COST S/MBTU 1 .559 1 .665 1.548 

LJ MESTet-IE COST S/Tr:N 4.00 4.00 4.00 
LIMESTONE DISTANCE MILES 100 100 100 
LIMESTONE HAUL RATE S/TON*MI .030 • 030 • 030 
LIMESTONE/SULFUR MOLE RATI 2. 2 2 
ASH DISPOSAL COST $/TON 4.00 4.00 4.00 
TOTAL L.S. & ASH S/MBTU . 098 .066 . 029 

TOTAL COAL COST S/MBTU 1. 656 1 • ?31 1 ."5?9 

COAL FUELING STATION SPOKANE, WASHINGTON 

COAL SOURCE STATE ARIZONA WYOMING 
COAL HEAT VALUE BTU/LB 10998 8638 
COAL X SULFUR X .5 .4 
COAL X ASH X 9.3 5.8 
ROM COAL COST $/TOJ-..I 11 . 00 11 . oo 
COAL PROCESS COST $/TON 0.00 o.oo 
COAL DISTANCE MILES 1200 1000 
COAL MAUL. RATE S/TON*MI ·. 019 .ole 
COAL TRANS. COST $/TON 21 . 00 17.50 

COAL DELIVERE~ COST S/MBTU 1 .455 1 .650 

L..IMESTONE COST $/TON 4.00 4.00 
LIMESTONE DISTANCE MILES 100 100 
LIMESTONE HAUL RATE S/TON*MI .030 .030 
LIMESTONE/SULFUR MOLE RATI 2 2 
ASH DISPOSAL COST $/TON 4.00 4.00 
TOTAL L.S. & ASH S/MBTU .033 • 029 

TOTAL COAL COST S/MBTU 1. 487 1. 679 
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II. FUEL COST SAVINGS 

e. Estim~t•d Cost of ROM Coal for Fluid Bed Steam 
Turbine and Gasifier Concepts 

~.0 Calculations by Rai 1 road 

~.3 CCJ'.IRAI L RAILROAD 

Table IIB.~-7 

COAL FUELING STATION BUFFALO, NEW YORK 

COAL SOURCE STATE INDIANA p~ WY~ING 
COAL HEAT VALUE BTU/LB 10~37 122~~ . 8~38 
COAL X SULFUR X 2.5 1 • 8 .4 
COAL X ASH X 1 0 • 1 13.5 5.8 
ROM COAL COST S}TON 30.00 33.00 11 • 00 
COAL PROCESS COST $/TON o.oo o.oo o.oo 
COAL DISTANCE. MILES 400 220 1300 
COAL HAUL ~fi $/TON•MI .018 .018 .018 
COAL TRANS. COST $/TON 7.20 3.~~ 22.75 

COAL DEL I VERED CO.ST S/MBTU 1 • 701 1-.507 1 • ~54 

LIMESTONE COST S/TON 4.00 4.00 4.00 
LIMESTONE DISTANCE MILES 100 100 100 
LIMESTONE HAUL RATE S/TON*MI • 030 .030 .030 
LIMESTONE/SULFUR MOLE RATI 2 2 2 
ASH DISPOSAL COST $/TON 4.00 4.00 4. 00 

. TOTAL L.S. & ASH S/MBTU .0~5 .071 • 029 

TOTAL COAL COST S/MBTU 1. 795 1. 578 1. ~83 

COAL FUELING STATICN PITTSBURGH, PA 

COAL SOURCE STATE INDIANA PEr"'--A WYOMING· 
COAL HEAT VALUE BTU/LS 10937 122~~ 8638 
COAL :X SULFUR X 2.3 1 • 8 .4 
COAL X ASH X 1 0. 1 13.5 5.8 
Rc.1 COAL COST S/TON 30.00 33.00 11 • 00 
COAL PROCESS COST $/TON o.oo o.oo o.oo 
COAL DISTANCE MILES 250 50 1200 
COAL HAUL. RATE $/TON•MI .·o 1 e . 018 .018 
COAL TRANS. COST S/TON 4.38 .~0 21.00 

COAL DELIVERED COST S/MSTU 1. 572 1. 382 1. 952 

LIMESTONE COST S/TON 4. 00· 4.00 4.00 
LIMESTONE DISTANCE MILES 100 100 100 
LIMESTONE HAUL RATE $/TON•MI .030 .030 . 030 
LIMESTONE/SULFUR MOLE RATI 2 2 2 
ASH DISPOSA~ COST S/TON 4,00 4.00 4.00 
TOTAL L.S. & ASH S/MSTU .09S . 071 .029 

TOTAL COAL COST S/MBTU 1. ~66 1 . 45~ 1 . 881 
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II. FUEL COST SAVINGS 

8. Estimated Cost of ROM Coal for Fluid Bed Steam 
Turbine and Gasifier Concepts 

6.0 Calculations by Railroad 

6.3 CONRAIL RAILROAD 

Table II8.6-8 

COAL FUELING STATION I NO I ANAPOLI S , INDIANA 

COAL SOURCE STATE IND.IANA PENNA WYOMING 
COAL HEAT VALUE 8TU/L8 10937 12266 8638 
COAL X SULFUR % 2.5 1 . 8 .4 
COAL X ASH X 1 0 • 1 13.5 5.8 
ROM COAL. COST $/TON 30.00 33.00 11 . 00 
COAL PROCESS COST $/TON o.oo o.oo 0.00 
COAL DISTANCE MILES 100 :250 950 
COAL HAUL RATE $/TON*MI .018 .018 .018 
COAL TRANS. COST $/TON 1. 75 4.50 16.62 

COAL DELIVERED COST $/MBTU 1. 451 1 .529 1. 599 

LIMESTONE COST $/TON 4.00 4.00 4.00 
LIMESTONE DISTANCE MILES 100 100 100 
LIME STONE HAUL RATE $/TON*MI .030 .030 .030 
LIMESTONE/SULFUR MOLE RATI 2 2 2 
ASH DISPOSAL COST $/TON 4.00 4.00 4.00 
TOTAL L.S. & ASH $/H9TU .095 .071 .u2'i' 

TOTAL COAL COST $/M8TU 1 .~4Q 1. 600 1 .628 
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II. FUEL COST SAVINGS 

B. Estimated Cost of ROM Coal for Fluid Bed Steam 
Turbine and Gasifier Concepts 

6.0 Calculations by Railroad 

6.4 CSX RAILROAD 

Table IIB.6-9 

COAL FUELING STATION KNOXVILLE, TENNESSEE 

COAL SOURCE STATE TENN. INDIANA WYOMING 
COAL HEAT VALUE BTU/LB 12530 10937 9638 
COAL X SULFUR X 1 . 4 2.5 .4 
COAL X ASH· X 1 0 . 1 10. 1 5.8 
ROM COAL COST $/TON 33.00 30.00 11 . 00 
COAL PROCESS COST $/TON o.oo 0.00 o.oo 
COAL DISTANCE MILES 100 250 1200 
COAL HAUL RATE $/TON*MI . 018 .018 . 018 
COAL TRANS, COST $/TON 1 • 75 4.38 21.00 

COAL DELIVERED COST $/MBTU 1. 387 1. 572 1. 852 

LIMESTONE COST $/TON 4.00 4.00 4.00 
LIMESTONE DISTANCE MILES 100 100 100 
LIMESTONE HAUL RATE $/TON*MI .030 .030 .030 
LIMESTONE/SULFUR MOLE RATI 2 2 2 
ASH DISPOSAL COST $/TON 4.00 4.00 4.00 
TOTAL L.S. &: ASH $/MBTU .052 .095 .029 

TOTAL COAL COST $/MBTU 1 .439 1 .666 1 . 881 

COAL FUELING STATION JACKSONVILLE, FLORIDA 

COAl SOURCE STATE INDIANA KENTUCKY ALABAMA 
COAL HEAT VALUE BTU/LB 10937 12012 12129 
COAL X SULFUR % 2.5 1.8 1 . 4 
COAL X ASH X 1 0 . 1 10.5 12.3 
ROM COAL COST $/TON 30.00 33.00 39.00 
COAL PROCESS COST $/TON o.oo 0.00 o.oo 
COAL DISTANCE MILES 700 500 400 
COAL . HAUL RATE $/TON*MI .018 . 018 .018 
COAL TRANS. COST $/TON 12.25 8.75 7.00 

COAL DEL~VERED COST $/MBTU 1 .932 1. 738 1. 896 

LIMESTONE COST $/TON 4.00 4.00 4.00 
LIMESTONE DISTANCE MILES 100 100 100 

-LIMESTONE HAUL RATE $/TON*MI . 030 . 030 .030 
LIMESTONE/SULFUR MOLE RATI 2 2 2 
ASH DISPOS~L COST $/TON 4.00 4.00 4.00 

. TOTAL L.S. &: ASH $/M9iU . 095 . 066 .058 

TOTAL COAl. COST $/MBTU 2~026 1. 804 1. 955 
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II. FUEL COST SAVINGS 

B. Estimated Cost of ROM Coal for Fluid Bed Steam 
Turbine and Gasifier Concepts 

6.0 Calculations by Railroad 

6.4 CSX RAILROAD 

Table IIB.6-10 

COAL FUELING STATION 

COAL SOURCE 
COAL HEAT VALUE 
COAL X SULFUR 
COAL X ASH 
ROM COAL COST 
COAL PROCESS COST 
COAL DISTANCE 
COAL HAUL RATE 
COAL TRANS. COST 

COAL DELIVERED COST 

LIMESTONE COST 
LIMESTONE DISTANCE 
LIMESTONE HAUL RATE 
LIME STONE/SULFUR 
ASH DISPOSAL COST 
TOTAL L.S. & ASH 

TOTAL COAL COST 

COAL F~ELING STATION 

COAL SOURCE 
COAL HEAT VALUE 
COAL X SULFUR 
COAL X ASH 
ROM COAL COST 
COAL PROCESS CO!i 
COAL. DISTANCE 
COAL HAUL RATE . 
COAL TRANS. COST 

COAL DELIVERED COST 

LIME STONE COST 
LIMESTONE DISTANCE 
LIMESTONE HAUL RATE 
LIMESTONE/SULFUR 
ASH DISPOSAL COST 
TOTAL L.S. & ASH 

TOTAL COAL COST 

STATE 
BTU/LB 

% 
X 

$/TON 
$/TON 
MILES 
$/TON*MI 
$/TON 

$/MBTU 

$/TON 
MILES 
$/TON*MI 
MOLE RATI 
./TON 
$/MBTU 

$/MBTU 

STATE 
BTU/LB 

X 
X 

$/TON 
$/TON 
MILES 
$/TON*MI 
$/TON 

$/MBTU 

$/TON 
MILES 
$/TON*MI 
MOLE RATI 
$/TON 
$/MBTU 

$/MBTU 
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WILMINGTON, NORTH CAROLINA 

KENTUCKY ALABAMA INDIANA 
12012 12129 10937 

1 • s 1 • 4 2.~ 
10.5 12.3 10.0 

33.00 39.00 30.00 
o.oo 0.00 0.00 

400 500 650 
.018 . 018 .018 
7.00 8.75 11 . 38 

1. 665 1.968 1. 892 

4.00 4.00 4.00 
100 100 100 

. 030 .030 .0.30 
2 2 2 

4.00 4.00 4.00 
. 066 .0~8 .09~ 

1 • 731 2. 027 1 .986 

MEMPHIS,TENNESSEE 

INDIANA KENTUCKY 
10937 12012 

2.5 1.8 
10.1 10.5 

30.00 33.00-

ALABAMA 
12129 

1 • 4 
12.3 

39.00 
o.oo 

200 
.018 
3.50 

0.00 o.oo 
350 ~00 

.018 .018 
6. 13 a. 75 

1. 652 1. 738 1·. 752 

4.00 4.00 4.00 
100 100 100 

.·030 .030 .030 
2 2 2 

4.00 4.00 4.00 
. 095 . 066 .058 

1. 746 1. 804 ! . 910 



II. FUEL COST SAVINGS 

B. Estimated Cost of ROM Coal for Fluid Bed Steam 
Turbine and Gasifier Concepts. 

6.0 Calculations by Rail~oad 

6.4 CSX RAILROAD 

Tab 1 e I I B. 6-11 

COAL FUELING STATION PITTSBURGH, PENNSYLVANIA 

COAL SOURCE 
COAL HEAT VALUE 
COAL X SULFUR 
COAL X ASH 
ROM COAL COST 
COAL PROCESS COST 
COAL DISTANCE 
COAL HAUL RATE 
COAL TRANS. COST 

COAL DELIVERED COST 

LIMESTONE COST 
LIMESTONE DISTANCE 
LIMESTONE HAUL RATE 
LIMESTONE/SULFUR 
ASH DISPOSAL COST 
TOTAL L.S. & ASH 

TOTAL COAL COST 

COAL FUELING STATION 

COAL SOURCE 
COAL HEAT VALUE 
COAL X SULFUR 
COAL X ASH 
ROM COAL COST 
COAL PROCESS COST 
COAL DISTANCE 
COAL HAUL RATE 
COAL TRANS. COST 

COAL DELIVERED COST 

LIMESTONE COST 
LIMESTONE DISTANCE 
LIMESTONE HAUL RATE 
LIMESTONE/SULFUR 
ASH DISPOSAL COST 
TOTAL L,S, & ~SH 

TOTAL COAL COST 

STATE 
BTU/LB 

X 
X 

$/TON 
$/TON 
MILES 
$/TON*MI 
$/TON 

$/MBTU 

$/TON 
MILES 
$/TON*MI 
MOLE RATI 
$/TON 
$/MBTU 

$/MBTU 

STATE 
BTU/LB 

X 
X 

$/TON 
$/TON 
MILES 
$/TON*MI 
$/TON 

S/MBTU 

$/TON 
MILES 
$/TON*MI 
MOLE RATI 
$/TON 
$/HSTU 

$/MBTU 
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PENNA. 
12266 

1 • a 
13.5 

33.00 
0.00 

50 
.019 
.aa 

1. 391 

4.00 
100 

. 030 
2 

4.00 
• 0 71 

1. 452 

OHIO 
11664 

3.3 
11 . 4 

30.00 
o.oo 

100 
.019 
1.75 

1 • 361 

4.00 
100 

. 030 
2 

4.00 
. 112 

1. 473 

CHICAGO, ILLINOIS 

INDIAf\IA KENTUCKY 
10937 12012 

2. 5 1. 8 
10.1 10.5 

30.00 33.00 
o.oo 0.00 

200 450 
.019 .019 
3.50 7.99 

1 .531 

4.00 
100 

. 030 
2 

4.00 
.095 

1. 626 

1 • 70 1 

4.00 
100 

. 030 
2 

4.00 
.066 

1. 769 

INDIANA 
10937 

2.5 
1 0. 1 

30.00 
o.oo 

400 
.019 
7.00 

1. 692 

4.00 
100 

.030 
2 

4.00 
.095 

1. 796 

WYOMING 
9639 

.4 
5.9 

11 . 00 
o.oo 

900 
.019 

15.75 

1'. 549 

4.00 
100 

.030 
2 

4.00 
• 029 

1. 578 



II. FUEL COST SAVINGS 

B. Estimated Cost of ROM Coal for Fluid Bed St~am 
Turbin~ and Gasifier Concepts 

6.0 Calculations by Railroad 

6.5 NORFOLK-SOUTHERN RAILROAD 

Table IIB.6-12 

COAL FUELING STATION KNOX'v1I LLE, TENNESSEE 

COAL SOURCE S'fATE TENN. I NOlANA WYOMING 
COAL HEAT VALUE BTU/LB 12530 10937 8638 
COAL X SULFUR X 1 . 4 2.:5 .4 
COAL X ASH X 1 0 . 1 1 0 . 1 5.85 
ROM COAL COST $/TON 33,00 30.00 11 . 0 0 
COAL PROCESS COST S/TON o.oo o.oo 0.00 
COAL DISTANCE MILES 100 250 1200 
COAL HAUL RATE· $/TON*MI .018 .018 . 0 18 
COAL TRANS. COST $/TON 1 . 75 4.38 21.00 

COAL DELIVERED COST $/MBTU 1. 387 1. 572 1. 852 

LIMESTONE COST $/TON 4.00 4.00 4.00 
LIMESTONE DISTANCE MILES 100 100 100 
LIMESTONE HAUL RATE $/TON*MI .030 . 030 . 030 

"LIMESTONE/SULFUR MOLE RATI 2 2 2 
ASH DISPOSAL COST $/TON 4.00 4.00 4.00 
TOTAL L.S. & ASH $/I"IBTU • 1) :52 • 1) ·;.':I . 029 

TOTAL COAL COST $/MBTU 1. 439 1. 666 1 . 881 

COAL FUELING STATION ATLANTA, GEORGIA 

COAL SOURCE STATE INDIANA KENTUCKY ALABAMA 
COAL HEAT VALUE BTU/LB 10937 12012 121~9 
COAL X SULFUR /; :2.5 1. 8 1. 4 
COAL X ASH X 10.07 10.53 1:2.3 
ROM COAL COST $/TON 30.00 33.00 39.00 
COAL PROCESS COST $/TON o.oo 0.00 o.oo 
COAL.. DISTANCE MILliS 41)0 250 150 
COAL HAUL RATE $/TClN*MI .018 .018 . 0 18 
COAL TRANS. COST $/TON 7.00 4.38 2.63 

COAL DELIVERED COST $/MBTU 1. 69:2 1. 556 1 . 716 

LIMESTONE COST $/TON 4.00 4.00 4.00 
LIMESTONE DISTANCE MILES 100 100 100 
Lit·1ESTONE HAUL RATE $/TON*Ml . 030 . 030 • 030 
LIMESTONE/SULFUR MOLE RATI 2 2 . ., .... 
ASH DISPOSAL COST $/TON 4.00 4.00 4.00 

·-TOTAL L.S. & ASH ·$/tv! STU . 0'?5 . o.: .. £ .058 

TOTAL COAL COST $/I-1BTU 1. 786 1 .622 1. 774 
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II. FUEL COST SAVINGS 

8. Estimated Cost of ROM Coal for Fluid Sed Steam 
Turbine and Gasifier Concepts 

6.0 Calculations by Railroad 

6.5 NORFOLK-SOUTHERN RAILROAD 

Table II8.6-13 

COAL FUELING STATION ST. LOUIS, MISSOURI 

COAL SOURCE 
COAL HEAT VALUE 
COAL % SULFUR 
COAL % ASH 
ROM COAL COST 
COAL PROCESS COST 
COAL DISTANCE 
COAL HAUL RATE 
COAL TRANS. COST 

COAL DELIVERED COST 

LI t-1ESTONE COST 
LIMESTONE DISTANCE 
LIMESTONE HAUL RATE 
LIMESTONE/SULFUR 
ASH DISPOSAL COST 
TOTAL L.S. & ASH 

TOTAL COAL COST 

COAL FUELING STATION 

COAL SOURCE 
COAL HEAT VALUE 
COAL % SULFUR 
COAL % ASH 
ROM COAL COST 
COAL PROCESS COST 
COAL DISTANCE 
COAL HAUL RATE 
COAL TRANS. COST 

COAL DELIVERED COST 

LIMESTONE COST 
LIMESTONE DISTANCE 
LIMESTONE HAUL RATE 
LIMESTONE/SULFUR 
ASH DISPOSAL COST 
TOTAL L.S. & ASH 

TOTAL COAL r.OST 

STATE 
BTU/LS 

% 
% 

$/TON 
$/TON 
MILES 
$/TON*MI 
$/TON 

$/MSTU 

$/TON 
MILES 
$/TON*MI 
MOLE RATI 
$/TON 
$/MSTU 

$/MSTU 

STATE 
STU/LS 

% 
% 

$/TON 
$/TON 
MILES 
$/TON*MI 
$/TON 

S/MSTU 

$/TON 
MILES 
$/TON*MI 
MOLE RATI 
$/TON 
$/MBTU 

$/t18TU 

II-47 

TENN. ILLINOIS 
12530 11027 

1.4 2.7 
10.11 9.99 
33.00 30.00 
o.oo 0.00 

450 . so 
.018 .018 
7. 88 • 88 

1 • 631 1 . 400 

4.00 4.00 
100 100 

.030 .030 
2 2 

. 4 .oo 4.00 
. 052 .098 

1. 683 1.498 

BELLEVIEW, OH 

INDIANA PENNA 
10937 12266 

2.5 1. 8 
10.07 13.52 
30.00 33.00 
o.oo o.oo 

250 50 
• 018 • 018 
4.38 .88 

1. 572 1. 381 

4.00 4.00 
100 100 

. 030 . 030 
2 2 

4.00 4.00 
. 095 . 071 

1. 666 1.452 

WYOMING 
8638 

.4 
s.8s 

11 . 00 
o.oo 

950 
.018 

16.62 

1. 599 

4.00 
100 

. 030 
2 

4.00 
• 029 

1. 628 

WYOMING 
8638 

.4 
5.85 

11 • 00 
o.oo 
1200 
.019 

21 • 00 

1. 852 

4.00 
100 

.080 
2 

4.00 
.029 

1 . 891 



II. FUEL COST SAVINGS 

B. Estimated Cost of ROM Coal for Fluid Bed Steam 
Turbine and Gasifier Concepts 

6.0 Calculations by Railroad 

6,5 NORFOLK-SOUTHERN RAILROAD 

Tablil IIB.6-14 

COAL FUELING STATION NORFOLK, VIRGINIA 

COAL SOURCE STATE PEf\!NA, INDIANA 
COAL HEAT VALUE BTU/LB 12266 10937 
COAL ~~ SULFUR /; 1.8 :2.5 
COAL ~ ASH % 1::l.!'i? 10.07 
ROM COAL COST $/TON 33.00 30.00 
COAL PROCE55 COST S/TON 0.00 0.00 
COAL DISTANCE HILES 300 600 

. COAL HAUL RATE $/TON*MI .018 .018 
COAL TRANS. COST $/TON 5.25 10.50 

COAL DELIVERED COST $/MBTU 1. 559 1 .852 

LIMESTONE COST $/TON 4.00 4.00 
LIMESTONE DISTANCE MILES 100 100 
LIMESTONE HAUL RATE $/TON*MI • 030 .030 
LIMESTONE/SULFUR MOLE RATI 2 2 
ASH DISPOSAL COST $/TON 4.00 4.00 
TOTAL L.S. & ASH $/MSTU .071 '1)95 

TOTAL COAL COST $/MBTU 1 . 631 1. ·r46 
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OHIO 
11664 

3.3 
11. 4S 
30.00 
0.00 

400 
.018 
7.00 

1. 586 

4.00 
100 

. 030 
2 

4.00 
. 11 :2 

1. 698 



II. FUEL COST SAVINGs· 

B. Estimated Cost of ROM Coal for Fluid Bed Steam 
Turbine and Gasifier Concepts 

6.0 Calculations by Railroad 

6.6 UNION PACIFIC RAILROAD 

Table IIB.6-15 

COAL FUELING STATION 

COAL SOURCE 
COAL HEAT VALUE 
COAL % SULFUR 
COAL % ASH 
ROM COAL COST 
COAL PROCESS COST 
COAL DI STANC.E 
COAL HAUL RATE 
COAL TRANS. COST 

COAL DELIVERED COST 

LIMESTONE COST 
LIMESTONE DISTANCE 
LIMESTONE HAUL RATE 
LIMESTONE/SULFUR 
ASH DISPOSAL COST 
TOTAL L.S. & ASH 

TOTAL COAL COST 

COAL FUELING STATION 

COAL SOURCE 
COAL HEAT VALUE 
COAL % SULFUR 
COAL % ASH 
ROM COAL COST 
COAL PROCESS COST 
COAL D I STANCE 
COAL HAUL RATE 
COAL TRANS. COST 

eOAL DELIVERED COSi 

LIMESTONE COST 
LIMESTONE DISTANCE 
LII'-1ESTONE HAUL RATE 
LIMESTONE/SULFUR 
ASH DISPOSAL COST 
TOTAL L.S. & ASI-f 

TOTAL COAL CO;'T 

STATE 
BTU/LB 

% 
% 

$/TON 
$/TON 
MILES 
$/TON *HI 
$/TON 

$/MBTU 

$/TON 
MILES 
$/TON*MI 
MOLE RATI 
$/TON 
$/MBTU 

$/MBTU 

STATE 
BTU/LB 

% 
% 

$/TON 
$/TON 
MILES 
$/TON*MI 
$/TON 

$/MBTU 

$/TON 
MILES 
·S/TON*MI 
MOLE RATI 
$/TON 
$/MBTU 

$/MBTU 
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TOPEKA, KANSAS 

NEW MEX ILLINOIS. 
9350 11027 

.7 2.7 
19.4 10.0 

11.00 30.00 
o.oo o.oo 

550 400 
.018 .018 
9. 63 7. 00 

1 . 103 

4.00 
100 

.030 
2 

4.00 
.066 

1 • 169 

1. 678 

4.00 
100 

.030 
2 

4.00 
.098 

1. 775 

ST. LOUIS, MISSOURI 

ILLINOIS KENTUCKY 
11027 12012 

2.7 1.8 
10.0 10.5 

30.00 33.00 
0.00 o.oo. 

50 500 
.018 .018 

.88 8.75 

1 .400 

4.00 
100 

.030 
2 

4.00 
• 098 

1 • '98 

1. 738 

4.00 
100 

. 030 
2 

4.00 
.066 

. 1. 804 

WYOMING 
9639 

.4 
5.8 

11 . 00 
0.00 

700 
.• o 1 a 
12.25 

1 • 346 

4.00 
100 

.030 
2 

4.00 
.029 

1. 375 

WYOMING 
9639 

.4 
5.9 

11 . 00 
o.oo 

950 
.019 

16.62 

1 .599 

4.00 
100 

. 030 
2 

t;J. 00 
.029 

1. 628 



II. FUEL COST SAVINGS 

B. Estimated Cost of ROM Coal for Fluid Bed Steam 
Turbine and Gasifier Concepts 

6.0 Calculations by Railroad 

6.6 UNION PACIFIC RAILROAD 

Table IIB.6-16 

COAL FUELING STAT I ON . FORT WORTH, TEXAS 

COAL SOURCE STATE ALABAMA NEW MEX 
COAL HEAT VALUE BTU/LB 12129 9350 
COAL % SULFUR % 1 . 4 .7 
COAL % ASH % 12.3 19.4 
ROM COAL COST $/TON 39.00 11 . 0 0 
COAL PROCESS COST $/Tm~ o.oo o.oo 
COAL DISTANCE MILES 375 600 
COAL HAUL RATE · $/TON*MI .018 .018 
COAL TRANS. COST $/TON 6.56 10.50 

COAL DELIVERED COST $/MBTU 1. 878 1.150 

LIME STONE COST $/TON 4.00 4.00 
LIMESTONE DISTANCE MILES 100 100 
LIMESTONE HAUL RATE $/TON*MI . 030 .030 
LIMESTONE/SULFUR MOLE RATI 2 2 
ASH DISPOSAL COST ~/TON 4.00 4.00 
TOTAL L.S. & ASH $/MBTU . 0~8 .0~~ 

TOTAL COAL COST $/MBTU 1. 937 1 . 216 

WYOt-tiNI3 
8638 

.4 
5.8 

11 . 0 0 
o.oo 
1000 
.018 

. 17.50 

1. 650 

4.00 
100 

. 030 
2 

4.00 
. 029 

1. 679 

COAL FUELING STATION GREEN RIVER, WYOMING 

COAL SOURCE STATE WYOMING 
COAL HEAT VALUE BTU/LB 8639 
COAL % SULFUR % .4 
COAL X ASH X 5.9 
ROM COAL COST $/TON 11 . 00 
COAL PROCESS COST $/TON 0.00 
COALw DISTANCE t1ll..ES 100 
COAL HAUL RATE $/TON*MI .018 
COAL TRANS. COST $/TON 1 . 75 

COAL DELIVERED COST $/MBTU .739 

LIMESTONE COST $/TON 4.00 
LIMESTONE DISTANCE MILES 100 
LIMESTONE HAUL RATE ·J/TON*MI .030 
LIMESTONE/SULFUR MOLE RATI 2 
ASH DISPOSAL COST $/TON 4.00 
TOTAL L.S. & ASH $/MBTIJ . 029 

TOTAL COAL COST $/MBTU .767 
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II. FUEL COST SAVINGS 

8. Estimated Cost of ROM Coal for Fluid 8ed.Steam 
Turbine and Gasifier Concepts 

6.0 Calculations by Railroad 

6.6 UNION PACIFIC RAILROAD 

Table II8.6-17 

COAL FUELING STATION CALLENTE, NEVADA 

COAL SOURCE STATE WYOMING UTAH 
COAL HEAT VALUE BTU/LB 8638 11575 
COAL % SULFUR % .4 .s 
COAL % ASH % 5.8 1 0 . 1 
ROM COAL COST $/TON 11 . 00 30.00 
COAL PROCESS COST $/TON 0.00 o.oo 
COAL DISTANCE MILES 500 250 
COAL HAUL RATE $/TON*MI .018 .018 
COAL TRANS. COST $/TON· 8.75 4.38 

COAL DELIVERED COST $/M8TU 1 • 143 1. 485 

LIME STONE COST $/TON 4.00 4.00 
LIMESTONE DISTANCE MILES 100 100 
LIMESTONE HAUL RATE $/TON*MI .030 .030 
LIMESTONE/SULFUR MOLE RATI 2 2 
ASH DISPOSAL COST $/TON 4.00 4.00 
TOTAL L. S. & ASH $/M8TU .029 .032 

TOTAL COAL COST $/MBTU 1 . 1 72 1 . 517 

ARIZONA 
10998 

.s 
9.3 

11 . 0 0 
o.oo 

300 
.018 
5.25 

.739 

4.00 
100 

.030 
2· 

4.00 
.033 

.771 

COAL FUELING STATION RENO JUNCTION, CALI FORNI A 

COAL SOURCE STATE ARIZONA WYOMING UTAH 
COAL HEAr VALUE BTU/LB 10998 8638 11575 
COAL % SULFUR % .s .. 4 .5 
COAL % ASH % 9.3 s.8 1 0. 1 
ROM COAL COST $/TON 11 • 00 11 . 0 0 30.00 
COAL PROCESS COST $/TON o.oo 0.00 o.oo 
COAL DISTANCE t-1I LES 600 sao 200 
COAL HAUL RATE $/TON*MI • 018 .018 .018 
COAL TRANS. COST ·l>/TON i0.50 8.75 3.50 

COAL DELIVERED COST $/MBTU .977 1 • 143 1 ·• 447 

LIMESTONE COST $/TON 4.00 4.00 4.00 
LIMESTONE DISTANCE MILES 100 100 100 
LIMESTONE HAUL RATE $,/T Of'H•t-1 I • 030 .030 .030 
LIMESTONE/SULFUR MOLE RATI 2 ·") ... ·") ... 
ASH DISPOSAL COST $/TON 4.00 4.00 4.00 
TOTAL L.S. & ASI-I $/MSTU .033 . 029 .032 

TOTAL COAL COST $/MBTU 1 . 0 1 0 1 . 1 72 1. 479 
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COAL BURNING LOCOMOTIVE STUDY 

II. FUEL COST SAVINGS 

B. Estimated Cost of ROM Coal for Fluid Bed Steam Turbine and Gasifier 
Concepts 
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COAL BURNING LOCOMOTIVE STUDY 

II. FUEL COST SAVINGS 

B. Estimated Cost of ROM Coal for Fluid Bed Steam Turbine & Gasifier 
Concepts (continued) 

8. Fuel Savings Equation 

8.1 ROM Coal Fluid Bed Steam Turbine Locomotive 

For the ROM coal options, as shown i~ Section II B, the 
delivered coal costs are considerably cheaper than for the 
coal water slurry fuel, including the cost of limestone 
which i~ added to neutralize the effects of sulfur. As a 
result, the % fuel savings for the ROM coal options is · 
expected to be higher. 

For fluid bed steam turbine locomotive, a fuel savings 
equation was developed in a similar fashion as for the 
previous coal water slurry options. Percent fuel savings 
taken directly from Digicalc Spreadsheets, WS10 & WS11 for 
the Eastern Duty Cycle and Western Duty Cycle respectively 
were 32.2% & 53.6%. In this case, there are greater fuel 
savings for the Western Duty Cycle because the ROM coal 
costs are cheaper than for the Eastern. 

The resultant fuel savings equation was found to be: 

Fuel Savings = $~16239 + .7739.X (Gallons/Year-160,000) 

8.2 ROM Coal Gasifier with GE27 

Similarly, for the gasifier option with the GE27 gas 
turbine? the fuel savings is expected to be higher for this 
1ocomotive than for coal water slurry fuels. 

For this option, the % fuel savings taken directly from 
Digicalc Spreadsheets WS2 & WS3 for the Eastern Duty Cycle 
and Western Duty Cycle respectively were 42.7% & 63.7%. 
Again, there are greater fuel savings for the Western Duty 
Cycle because of the lower Western ROM coal costs. 

The resultant fuel savings equation for this alternative 
was found to be:· 

Fuel Savings = $-551 + .8515 (Gallons/Year - 160,000) 
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COAL BURNING LOCOMOTIVE STUDY 

II. FUEL COST SAVINGS 

C. Duty Cycle Fuel Calculations 

1. Introduction 

For purposes of economic evaluation of alternative coal 
burning locomotives, it is deemed necessary to derive a cost 
in mills per horsepower-hour for fuel, consumables, and 
disposables. These costs should properly include raw coal 
costs, processing costs, transportation costs, costs of 

-consumables for environmental clean-up, water costs, and costs 
to dispose of tars, ash, and any other materials which do not 
go out the stack. 

Since a locomotive does not spend a large percentage of time 
at full horsepower, a duty cycle comparison was chosen for the 
analysis. Two duty cycles were selected; one representing 
heavy duty, drag service for Western railroads, and one 
representing heavy duty, drag service for Eastern railroads. 
These duty cycles are shown as Figure II.C.1. 

2. General Assumpti~ns and Guid~lines 

2.1 Basis for Comparisons 

The General Electric Dash 8 locomotive was selected as the 
base case for comparison. burning diesel fuel (DF2). This 
is General E1ectric•s latest. production model locomotive 
{brochure attached). A 1% thermal efficiency improvement 
over initial Dnsl'l 0 fuel ecunumy was also inc.luded for 
expected improvements using a new 1njector. 

2.2 Traction Drive Losses 

Although alternator, traction motor, and traction motor 
cooling 1osses are appreciable, it was assumed that they 
present the same eff1c1ency to both coal burning and 
diesel burning options. The fuel costs are, thereforet 
compared in mills per hp-hr. delivered to the alternator 
in~ut shaft. Although some small amoynt of power is 
de ivered from the alternator during dynamic braking and 
at idle, these horsepower-hours are not considered as 
useful work accomplished by the locomotive in calculating 
thermal efficiency. 

2.3 Engine Auxiliaries 

The engine auxiliaries drawing the most HP from the engine 
are the radiator fans, equipment blowers, and the air 
compressor. In all cases, these auxiliaries are controlled 
on modern locomotives by varying fan, blower or compressor 
speeds to provide, on the average only the required air to 
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COAL BURNING LOCOMOTIVE STUDY 

II. FUEL COST SAVINGS 

C. Duty Cycle Fuel Calculations 

.2. General Assumptions and Guidelines 

2.3 Engine Auxiliaries (continued) 

maintain proper engine temperatures, traction motor 
temperatures, and braking air pressure. The horsepower for 
the air compressor and traction motor cooling will not 
change, assuming similar load and environmental conditions, 
whether the diesel engine is burning diesel fuel or coal 
s 1 urry. 

The cooling requirements of the engine may change slightly, 
even though roughly comparable heat input is provided. 
Since insuffici~nt ddta are available at this time to 
know whether a coal burning engine has different require­
ments, the auxiliary horsepower is assumed to be the 
same, whether the engine fuel is diesel or coal-water 
slurry. The auxiliary horsepower included in both cases 
is that required for 60°F, 1000 ft. altitudP rondition~ . 

. For the direct burning gas turbine and gas turbine with 
steam injection alternative, no additional engine 
auxiliaries were assumed. However, at this time it is not 
known if additional engine compartment cooling is required 
because of higher radiation energy inherent in the coal 
fired turbine combustor gases. 

The fluid bed steam turbine system will requirP. additional 
auxiliaries as follows: 

. Boiler Fan 

. Condenser Fan 
• Boiler Feed Pump 

The auxiliary horsepower required for these have been 
included in the analyses. 

For the gasifier alternative, only an additional air supply 
fan auxiliary load was included. 
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COAL BURNING LOCOMOTIVE STUDY 

II. FUEL COST SAVINGS 

C. Duty Cycle Fuel Calculations 

3. Fuel Costs 

$/19"6 BTU's 

c S/1. s~~GJ' s > 

As shown in the previous section, the total picture emerges that 
the cost per million BTU's of processed coal at the fueling 
station is higher for Western railroads. Two different costs 
were, therefore, selected for inputs to the duty cycle fuel 
savings calculations, one for Western and one for Eastern 
railroads. 

A summary of these costs in $/million BTU's is shown in 
Figure II.C.3 for coal-water mixture (CWM). 

COAL-WATER SLURRY 
COSTS BREAK DOWN 

4 ........................ ·-·························-······················"·················· .. ····················································································· 

· · · »i~s.~· .. r.ut~·.·.=.· .. s.6·: is··/· ~·~"6.·.-.a.r.u•·.s.· . ..-c.s.s.·~·.s6· · / · cJ"> · · 
......................... ~ .. ~"···~~ / G~I,. .. <S224.~~./"' > 

WESTERN EASTERN 
RAILROAD LOCATION 

Fig. II.C.3 
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COAL BURNING LOCOMOTIVE STUDY 

II. FUEL COST SAVINGS 

C. Duty Cycle Fuel Calculations (continued) 

4. Results - Fuel Costs for Coal-Oil Mixture (COM) and Coal-Water 
Mixtures ( CWM) 

"I LLSI' 
HP-HR 

A comparison of the duty cycle cost calculations are 
summarized in Figure II.C.4 for Western and Eastern duty cycles. 
The measurement of cost per work done (mills/HP-Hr.) evaluates 
#2 diesel oil, COM, and CWM on an equal basis. 

DUTY ·CVCLI: FUEL COSTS 
(EAST DIN HEAUY DtiTY) 

58 ···-························-········· ·····-············-·-··········-······-· ...... ·············· ... ···-·· .. . 

Fig. II.C.4 

II-58 

T¥ CYGLE FUEL GOSTS 
<WESTDtH HIAUY DtiTY> 

~8 ............................................. ························ ·································-··· 



COAL BURNING lOCOMOTIVE STUDY 

II. FUEL COST SAVINGS 

C. Duty Cycle Fuel Calculations 

4. Results - Fuel Costs for Coal-Oil Mixtures (COM) and Coal-Water 
Mixtures (CWM) (continued) 

From the results, a decision has been made to discontinue consid­
eration of diesel engine burning coal-oil mixtures. This 
decision is made for two basic reasons: 

1. Rheology of micronized coal particles appears to limit the 
coal loading to 50% or less. (Higher loadings become 
highly viscous and defy injection.) 

2. The savings available from even a 50% by weight coal-oil 
mixture do not substantially reduce the use of diesel fuel 
and do not result in low enough fuel costs to justify the 
development expense. 

Since railroads do not burn the same annual quantities of fuel 
nor do they have the same duty cycles, a convenient way to 
show fuel cost savings was derived so that an analysis of 
discounted rate of return could be run, railroad by railroad. 
This derivation is shown as Figure II.B.4-1. The final 
equation for fuel cost savings was given in Section II.A. 
This equation automatically takes care of duty cycle and 
geographical variations between railroads. 
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COAL BURNING LOCOMOTIVE STUDY 

II. FUEL COST SAVINGS 

C. Duty Cycle Fuel Calculations (continued) 

5. Use of Spread Sheet Methodology 

It was decided that DigicalcGD spreadsheet calculations would 
be utilized with the Digital Equipment Corporation VAX11780 to 
perform the duty cycle fuel cost comparisons. A low and high 
coal fuel cost spreadsheet has been created for heavy duty 
applications on both Eastern and Western railroads. 

The basic method used is to take an arbitrary time period (in 
this case, 56 hours), and to impose the specified duty cycle. 
Fuel consumed at each notch as well as· the other consumables 
are calculated for each notch condition. By summation of fuel 
costs and work performed, costs arP norm;:~.l ized and put on a 
common basis of mills per hp-hr. 

5.1 Explaining the Spreadsheet Layout 

The spreadsheets have much in common as can be shown by 
referring to the sample work sheet, WS-17 (Appendix 'A'), 
Direct Burning Diesel. 

In each spreadsheet, there is a heading which includes 
input conditions and ratings such as coal slurry costs, 
diesel fuel costs and the horsepower for traction at the 
alternator input shaft. Also shown is an arbitrarily 
assumed time over which the dut.v cycle is run. 

Beneath the heading is the first of two calculation 
segments. In the upper segment of WS-17, the twelve 
columns are as follows: 

A. Notch position 
B. % Rated HP (for traction) 
C. % of Duty Cycle Time at this notch 
D. HP ~t alternator input shaft, minus HP for 

aux11 iaries 
E. Specific fuel consumption from graphical data or 

look-up table 
F. · Pounds/hr. of diesel fuel (if used alone) 
G. Radiator fan horsepower, at 60°F, S.L. 
H. Total BTU's required/hr. if burning dry coal or 

diesel fuel 
I. Pilot injection BTU's/hr. (DF2) {up to first 2 

million BTU's/hr.) 
J. HP-hrs. of useful work accomplished in each notch 
K. Thermal efficiency using diesel fuel at each notch 
L. BTU's consumed at each notch 

QD Trademark of Why Systems Incorporation, Redmond, Washington 



COAL BURNING LOCOMOTIVE STUDY 

II. FUEL COST SAVINGS 

C. Duty Cycle Fuel Calculations 

5. Use of Spreadsheet Methodology 

5.1 Explaining the Spreadsheet Layout {continued) 

The lower segment has the following columns: 

A. Notch position {repeated) 
B. % Rated HP for traction {repeated) 
C. BTU's supplied from coal, if dry coal, at each 

notch 
D. Blank 
E. BTU's supplied from coal if CW slurry, at each notch 
F. Pounds of coal consumed at each notch {coal in slurry) 
G. Pounds of diesel fuel for pilot injection 
H. Total fuel costs by notch, burning coal-water 

slurry with diesel pilot injection 
I. Fuel costs by notch if burning diesel fuel only 
J. Gallons of CW slurry by notch 
K. Gallons of pilot diesel fuel 
L. Thermal efficiency {LHV basis) with CW slurry and 

DF2 pilot injection 

Beneath the lower segment are the principal answers of 
interest, the fuel costs in mills per hp-hr. and the full 
power and duty cycle thermal efficiencies. 

The detailed equations stored in each cursor block of the 
spreadsheet, {i.e.) relationships between columns is shown 
in Appendix '8'. The worksheets for each alternate, with 
low ~nd hiyll fuell;u~t~ cin:! shown fn Appendix 'A'. 
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COAL BURNING LOCOMOTIVE STUDY 

II. FUEL COST SAVINGS 

c. Duty Cycle Fuel Calculations (continued) 

6. Special Considerations and Assumptions by Alternate 

It is not intended that this report describe the alternates in 
any detail. 

6.1 Diesel Engine Burning Coal Water Slurry {Appendix 'A' -
ws-17 and ws-3o) 
Since this engine has not been developed, a number of 
assumptions were made as to how it would perform, in order 
to estimate fuel costs. These are the following: 

6.1.1 A 53-47 by weight slurry of water and super clean, 
micronized coal will be burned. Any moisture not 
remuved from thP. r.or.~l dur1ng cleaning is considered 
to be part of the 53% water content of the slurry. 
Additives as may be required for the slurry are 
ignored. 

6.1.2 A pilot injector will be used at all loads which 
will provide up to the first 2,000~000 BTU's/hr. 
from diesel fuel. All remaining input energy will 
come from the slurry. 

6.1.3 100% combustion is assumed. 

6.1.4 A fuel cost penalty of the ratio of 52.7/47.3 is 
used for a 11 BTU • s supp 1 i ed from coa 1 water s 1 urry 
to take into account heat needed to vaporize the 
water in the ~lut't'y. (S~e Appendix •c• for 
derivation.} 

6.1.5 Engine will be run at yard idle conditions as in 
today's railroad practice. 

6.2 Diesel Engine Burning A Coal-Oil Slurry (Appendix 'A' -
WS-[6 ana WS-13) 

Assumptions tor this undeveloped engine are as follows: 

6.2.1 Dry, micronized coal with higher heating value of 
14,500 BTU/Lb. is used in a 50-50 by weight slurry 
with diesel fuel (DF2}. 

6.2.2 100% combustion is achieved. 

6.2.3 Engine will be idled as today's practice in yard 
idle. 

Note: The fuel savings of this coal-oil slurry (17% and 21%) were so low 
_that the alternate was dropped. The coal-water slurry above, provides 
savings of 37% and 40% for equivalent duty. 
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COAL BURNING LOCOMOTIVE STUDY 

II. FUEL COST SAVINGS 

C. Duty Cycle Fuel Calculations 

6. Special Considerations and Assumptions by Alternate (continued) 

6.3 Direct Fired GE27 Gas Turbine 
. -

The gas turbine candidate selected ·for this study is the 
highly efficient General Electric GE27 variable geometry 
gas turbine. 

This version does not employ steam injection and is 
nominally rated for 5900 HP. Assumptions for this case are 
shown on the bottom of Spreadsheets WS-36 & WS-40, for 
Eastern and Western Railroads in Appendix A. 

For the gas turbine, it is assumed that it will be shut 
down during yard idle (in contrast to the diesel constantly 
running) with attendant fuel savings. 

6.4 Direct Fired GE27 Gas Turbine with Steam Injection 

The GE27 gas turbine was also selected for this alternative 
because of its high efficiency. 

For this alternative, steam has been injected into the gas 
turbine in order to increase total efficiency and to 
increase the HP level from 5900 to 8000. A feedwater pump 
delivers water from a tank to a heat recovery steam 
generator located in the exhaust itream of the GE27. The 
hot gas from the GE27 causes the water in the steam 
generator to flash into steam. The feedwater pump provides 
sufficient pressure head to ma.ke YP for the line and heat 
exchanger losses to enable flow. 

Additional -assumptions for this case are shown on the 
bottom of the Spreadsheets WS-8 ~ WS-9 for Eastern and 
Western Railroads in Appendix A. 

6.5 ROM Coal Fluid Bed Steam Turbine 

An 8000 HP steam turbine was sized and performance 
estimated by GE as the prime mover for this locomotive . 
alternative. 

This alternative locomotive requires a boiler feed pump to 
circulate water in the system. It also requires condensing 
fans for condensing steam from the turbine exhaust into the 
radiators and air supply and exhaust fans for the fluid 
bed. 
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COAL BURNING LOCOMOTIVE STUDY 

II. FUEL COST SAVINGS 

C. Duty Cycle Fuel Calculations 

6. Special Considerations and Assumptions by Alternate 

6.5 ROM Coal Fluid Bed Steam Turbine (continued) 

Various assumptions pertaining to this alternative 
locomotive system are shown on the bottom of the 
Spreadsheets WS-10 & WS-11 for Eastern and Western 
Railroads in Appendix A. 

6.6 ROM Coal Gasifier with GE27 

A GE27 gas turbine was selected for this configuration, 
with additional 'steam 1nj~Ction to increase the HP to 8000. 

Thi5 ~1ternative requires a1r supply bled from the turbine 
compressor plus a steam driven booster fan to provide 
sufficient .high pressure air to the gasifier. 

For this alternative, it is necessary to keep the GE27 gas 
turbine and gasifier running as opposed to shutting down 
the turbine for the direct fired turbine options. 

Various assumptions pertaining to this alternative 
locomotive system are shown on the bottom of the 
Spreadsheets WS-2 & WS•3 Fur Eastern and Western Railroads 
in Appendix A. 

II-64 



APPENDIX 'A' 

SPREADSHEETS 

FOR 

LOCOMOTIVE ALTERNATES 

WITH 

LOW AND HIGH FUEL COSTS 

FOR 

EASTERN AND WESTERN 

DUTY CYCLES 

II-65 



ROW 

_J_ 
4 

10 

I-
z: 
w 
~ 
<.!) 
w 
Vl 

0::: 
w ..... a.. ..... a.. 

I :::::> 
~ 

27 

I-
z: 
w 
~ 
<.!) 
w 
Vl 

0::: 
w 
3: 
0 
_J 

40 

COL 

I A B c 0 E F G H I J K L 

YIME' OF TOUl RUN - HR5 S6 UNIT HP RITING• 31ll l 
sc .. CW-SLURRY tSH,S/I0-6 BT J"S • ].IJ OFZ COSTS IN 1/GILLDN• 0.15 

OFZ 
NOTCH 1 RUED oun crcLE EtoG I ~E SfC EIFUHR RIO. FIN DRY COIL PILOT '!1U"S HP·HAS THEA" EF" atu·s CONS 

POSIT ION HP 1 TlotE HP IIHP-HA ( I ) liP IHU "SIH~. HR. (000) ( ' ) (000) 

------------------------------------------------------------------------------------------------------------------------------------
1 2.1 6.5 10) o ... so ., 0.1 8'56,110 156,130 o.~ lO.J lollb 
2 ll. 5 ~.5 "' 0.311 166 0.6 1,05 r •. ~oo 2,ooo,ooo •• 1 J~.s '. l 0; 
) u.z 4.il 1Jl1 O.'lN ~08 ].'5 So664oZ02 2,0<00,000 1.9 )6. 4 1),)22 
4 H.9 ~-' loll 'il O.JH t56 6.5 8d8T,613 z:,ooo.ooo ).) H.O 21,016 
s 48.1 4.5 lo8H o. )q e.u ll llo84}, 1H1 2·, ooo, ooo 4.6 ]9. s l'Jo84l 
6 64.) 4.8 z. 4 5!• o •. H6 01 16 15oZ98lol98 z:,ooo,ooo ~.6 40.9 '4 1. 1 z 2 
1 9). 2 2.a ~ ,u;;· o.JH 1,059 19 19o49Z'o6ll l 1 000,000 s.o '41.5 10, ;~5 

100 ll ~ 1 11H 0. H! 1,26) )0 Zlo247o590 z:,ooo,ooo "". 1 41.8 2!1!1,410 
1. 0 ~ ]8 

;; ' 0.1 496-,800 4U,~OO 2o504 
a.o H ]8 ;;o 0.1 1681,000 :ua,ooo So801 

2 J.B 76 •·6 0.2 846,11t00 8U,400 lo801 
70.1 <--TOTAL-·> 446,109 

'HU SLUIIIIr 'oLtJARY TOTa.L EOUII 
NOTCH 1: AaTEJ CCNS.[O&l aru (Oil :ua" COIL OF Z FU~l COST IOF l FUEL (;AllONS OF 'illlONS OF TH~A"' EFF 

P'J SIT I ON 'tP (IF )AY) C lNSlJ" SE 0 (ON~BO ' • CONSU'tl'EO C.OS.l'; SLUR ll'f AEQ. OF2 REQ. SLIIY.,1 

-------------------------·---·---------------------------------------------------------------------------------------------------------
I l-1 0• 
2 11.5 2,665 .. 152 
1 za.z 8 o6l8· .. zo) 
4 )1. 9 I J, i Z J'• J 1 !> 
5 48. 1 24 ,:10!>-o 747 
6 6~.) )5, J45, 557 

' H.l ZJ,,Z8Jo5011 
8 100 2Slol1'0oll4 

IOlf 1.0 0 
YIIO.I OlE t.O 0 

2 0 
COL TOULS -> 

ON OFZ F Jill fi;QIIf R 

.!l !)UU CYCLE 

43 
ON SLUAIU FJLL POWER -44 !)JT'Y CYCLE 

IQ 0 169 20 
z,•M~t,t64 L40 l74 4] 
9,S·98,0L1 I ,422 256 6) 

19,5·.ZO,Sr1 2. 892 H8 IOZ 
ZJ,t.ZJ 0 1~o; 4,09] 214 121 
)"J,'IlO'fo61) 5,898 292 IJD 
)0,~46,9~5 4-5 zs 110 lllo 

291,~!1 0 0~7 ·>l •. 190 lolH l. 150 
0 0 IH 16 
0 0 )JI) 44 
0 0 98 12 

fo2l,602o5Ul ~z ,460 ],676 lo87l.l·fo 

IJ'fEI"IL EFFICJEN(f '1.841 c 
TH~I"Il EFF IC JEN(J 39 .995t 

l't~ltMil EFFICJEN(f 31.90ZC 
t'iEir"IL EFFICIENCY 36 .HOC 

DIRECT COAt-WATER SLURRY BURNING !DIESEL 
WESTERN-HEAVY DUTY CYCLE 

WS-17 

lO 0 l4 30.JC 
'§0 loS 39 lS.ZC 
81· 149 36 H.'H 
ISO )0) 42 H .o l 
194 ~H ]9 16. ll 
l68 H9 41 H.lt 
199 H5 llo H.Jl 

1oiJ6<i 4. 5 }0 IH H .9: 
l6 0 li o.oc 
44 0 o;z o.oc 
ll 0 llo o.oc 

2.903.12 !>, 5; I 511'1 

FUEL COH, MillS I HP-HA a 26. Jl 
E ljJ lV • OF2 COST, "IllS I HP-Hif . 41.44 

FUEL COST SIVINCiS 35.541: 



fiN~ Of TOTAL RUII-HIIS• 56 UNil HP AATU& l8Zl 
sc" CW-SlU~AY ~STS,t/10•6 BTU"S• 2. 'U OF2 C:JSTS IN t/GlllON• o .as 

COil UTU.) IN SlURRY . 14500 (UHV) 

~OTCH t ~ITED DUTY .CYCLE ENGI .. E SFC • OFll ~lO.FlN TO TIL PILOT 8JU"S HP-HIIS THEil Nil EFF B.TU ()NS 
POSJ TIJN HP t fi"E HP 1/HP-HA ttll. HP BTU"SIHA. HA. ( 000 ) Of2 (1) ( 000 ) 

I 2.7 6.) 10) 0.450 41 0. I 856,1)0 au,uo ().4 )0.7 1,020 
2 11. s s.1 4)9 O.HB 166 0.6 ),051,600 2,ooo.ooo 1.4 )6.5 9, 9}1 
) 21.2 4.1 Ill O.Jl! )08 J.S 5o664,202 2,ooo,ooo 2.2 )6.4 1So2H 
4 11.9 ).6 l • 21 ·~ 0.112 456 6.5 BoJ87 0 67J z,ooo,ooo z.s H.O 16o910 
s 4B .I 2.6 I'! Jt O.H8 S44 II 11,84) 0 947 z.ooo,ooo z.r )9.5 11,245 
6 ~4.) z.1 Z,4SI! o. ))6 IJH 16 15o29'1,198 2,ooo,ooo ).9 .40.9 llo998 , 8 J.Z 2.4 J ,18.! o.)) l 1,059 19 19,492,611 z,ooo,ooo 4.) . 41.5 26,198 
I 100 11. J ),Ill! o. Jlll I ,261 JO Zlo247,S90 2,ooo,ooo 24.2 41.11 147,111 

IDLE I. 0 9 )8 l1 0.1 416,800 496,100 2o504 
UO.IOlE I. 0 4,. 6 )8 20 0.1 )68,000 )61,000 9,809 
OfN.BIIlKE 2 ).8 76 46 0.2 846,400 146,400 lo801 

41.4 <--TOTAL--> 271,142 

...... 
IITU SLUAAI' SLUAAY TO TIL EQUIV. ...... 

I 'NDTC'i t A IT ED CONS.COil BTU CO&l CLEAN CO'L DFZ FUEl COST OFZ FUEL GALLONS Of GAllONS OF TiiEII'I.EFF. 
0'1 POU liON HP (IF !)RY) C!JNSU,.BED (ONSIIO I ( I ) (I)NSU,.BED COSTS SLUAIU REO. DF2 RE II. SLAY.ot ........ 

------------------------·------------------------------------------------------------------------------------------------------------
I 2.1 0 0 0 164 20 20 0 l) )0. H 
2 I I • § ),4)5,0115 1,125,6)) 528 )S) 54 u 59 so H.u 
) ll.l 9,849,)75 10,969 .. 190 I , 5 I J 292 68 99 110 41 )). 9' 
4 ,. .1 12oiJ17,55'0 I4 0 HI,6SO I ,918 219 10 110 2lJ ll )4.U 
s \II. I 14,JJ2,71J7 15,962,))9 2o202 158 67 liZ H'l 22 )6.1t 
6 S4.) zo,asa, ~; rs 2J,222,2h ~ .zo J 110 91 1§6 HI H H.H 
1 a 1.2 l l, 51 0, I SO 2 .. ,18),111 ),611 146 91 110 401 21 H. 71: 
B 100 I )4 , 4 S 4 , 1 S 2 149,141,450 20,654 688 SJ6 957 2,]27 97 H.H 

IDlE I 0 0 0 I lt- 16 16 0 19 0.01 
Ylti) .• JDLE I 0 0 0 5n 64 64 0 7S 0.01: 
DfN.IIAUE 2 0 0 0 99 12 ll 0 ... o.oc 
COL TDTll S - -> 0 244,245,649 ),,689 2,958 I, OH ... 781.08 ) • 795 411 

ON I)F2 F :Jlll POWEll T·EIINIL JCO:JCJENCY ,.. • 84Jl FUEl CD Sf, "IllS I HP-HII ~ 26.42 
!)JJY : YCL~ J-4~11NIL EFF IC HNC Y )11.509t EQUIV. OfZ COST, "IllS / HP-HII . 41 .. 00 

ON HURRY FUll POW~II T .. ERIUL EFFICIENCY H.90H "UEl COST SIYIN.OS l8.5H 
OJJY CJCLE TriEIIMll Eo: F I( IE N( Y JS.BH 

DIRECT COAL-WATER SLURRY BURNING DIESEL 
EASTERN-HEAVY DUTY CYCLE 

WS-30 
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'IIOHri 
PJS IT IJN 

1 
2 
3 
It 
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8 

IDLE 
YIIO.IOLE 
OYN.BAUE 

DAY tOll lOOEA • 

l RlTEJ DJTY ~YCLE 

HP t TIME 
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11. s 
ll. 2 
)1. 9 
It 8. 1 
6Ll 
83.2 

100 
1 
I 
2 

6.1 
5.8 
4.8 
3.6 
2.6 
2.8 
2.lt 

11. l 
~ 

lt1. 6 
3.8 

l RATE~ SLURRY CONS 
iP I 

2.7 
11.5 
21.2 
31.9 
4 8. l 
H.3 
8).2 

100 
1.0 
1.·o 

2 

189 
620 
951 

1oOS6 
1,011 
1,498 
1o 616 
9,186 

156 
6ll 
liZ 

ENGI'\IE 
HP 

133 
4H 
811 

t,Zl<J 
l • It 3'J 
2oleS8 
1olBZ 
) • 8 22 

38 
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B 

SH 
f/HP-HR 

0. teH· 
O.)H 
0.) lEi 
o. u.;· 
0. HE. 
0 .l H. 
0. HI 
0. HE; 

ON OF2 FULL POWER Ti~RMlL EFf ltl.Bltt 
O~TY :YCLE TiERMlL EFf 38.51t 

ON SLURRY F~ll POWER THERMAL EFf .ltl.Btet 
D~TY CYCLE TiERMll EFF l8.5lt 

' OFU 
HR. 

41 
166 
lOll 
It 56 
644 
Bll 

1 , o s·<J 
1,263 

Z1 
20 
46 

UNH HP RATING- • 
OF2 COSTS iN 1/GllLON• 

COAL HHV l~ SLURRY • 

IUD.FlN 
HP 

0. l 
0.6 
3.5 
6.5 
ll 
16 
19 
30 
0.1 
0. l 
0.2 

•LIQ.FUEL 
8lU.S/HA. 

856,.130 
3, OSlo 6-00 
5 0 66ltrtZOZ 
8,)8Jo613 

ll,84),.Jlt7 
15,298,198 
19,492,6-71 
2l,H7,590 

496,.800 
368, O·Oil 
846e400 

)822 
0.85 
l4SOO 

HP-HRS 
(000) 

0.4 
l.lt 
2.2 
2.5 
2.7 
3.9 
4.3 

24.2 

1ol.4 

(HttV) 

THEA~ll EFF BTu·s CONS 
OFZ (l) {000) 

10.7 
H.S 
H.4 
H.O 
H.S 
4) .9 
"l • 5 
41 .II 

<--THAL--> 

l,OZO 
9,9)1 

15oZZ5 
16o910 
17, H5 
llo 988 
26, U8 

l47oll1 
2,504 
9,839 
l. 801 

2llol42 

11o500 BTU DF2 101.COS1S E~UIV OF2 THER~lL EFF 
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I lit 
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)6.ltt 
H.oc 
39. 5t 
40.9& 
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O.ot 
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o.ot 

H.lO 
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....... 
• 0'1 

\D 

TlltE Of TOTAL RUN-HAS• S6 UNIT HP RAT lNG • 3822 
sc~ ou COAL CHTS I~ 1110"6 8 T IJ• 3.51 Of2 COSH IN 1/liALLON• 0.85 

DR I' COAL ADDER • O.H COAL HHV IN SLURU • usoo (HHV) 

NOTCH ' RATE!l D:JTY CWCLE ENGI'4c SFC • Dfll RAD.fAN LIQ.fUEL HP-HAS THEA .. AL fff nu·s CONS 
P051TillN 11P ' Tl '(f HP f/HP-HR rtR. HP 8TU'S/HA. (000) Df2 <U (000) 

-------------------------------------------------------------------------------------------------------------------------
I 2.1' 6.5 10) 0.450 41 0.1 856,130 0.4 30.7 3,116 
2 u.s 4.5 4.)9 0.318 166 0.6 3,05i,6oo 1. I 3~.5 7,705 
3 21.z 4.2 81l o. 378 308 3.5 5,664,202 1.9 H.4 1],322 
4 )l.lj 4.9 1 I· 219 0.112 456 6.5 8,]87,613 3.3 H.O 23,016 
5 u. a 4.S 1 ,. 8 39 o. )48 6H 11 11,843,941 4.6 n.s 29.841 
6 64.) 4.8 2.458 0.))6 831 16 15,298,1911 6.6 43.9 41,122 
1 8). z 2.8 3..182 O. HI I,OS9 19 19,492,671 5.0 H.S 30.565 
8 101 22 3.1J22 o. 328 1,263 30 23,241,590 41.1 41.8 216,410 

lDLE ••• ~ )8 ll 0.1 496,800 2,504 
YU.IDLE a.o H 38 20 0.1 368,000 6,801 
DtW.8AUE 2 3.8 :!6 46 0.2 846,400 •• 8)1 

10.1 <-..-T HAL--> 446,208 

wo TC tt I A AT ED SLURRY CONS 14500 aru Of2 TOT.COSH EQUIV Df2 JHEA"U Eff 
PHI Tl JN 11P • COAL CONS • GALLONS fUEL CONS. FUH COST SLURRY cu 

-------------------------------------------------------------------------------------------------------------------------
I 2.r IH 
2 11.5 481 
3 21.2 812 
4 31. j 1,437 
s 48.1 1o8b4 
6 H.l 2,5t.8 
1 8 3. 2 1. 908 
I) 100 11,884 

IDLe 1.0 156 
YA•J.IDLE loO 4ZS 
01\I.SilUE 2 llZ 

ON Df2 Ftlll POWER 
DJTY CYCLE 

ON SLUIAY FULL POWER 
DUTY CYCLE 

91 14 11' 20 
241 ]4 42 so 
416 59 12 81 
719 I 01 125 150 
932 Ill 162 194 

1,284 181 223 268 
954 134 166 IH 

8,942 1,259 1,555 1,864 
18 11 14 16 
212 30 31 44 
56 8 10 12 

I 3, 931 1,962 12,422.28 a2. 90) .22 

T1EA .. AL EFf 41.84~ fUEL COST,ItiLLS/HP-HA• 
Jrt~A'4AL EFf H.95l E QU lilA LENT Of2 COST,NILLS/HP-HA• 

THEANAL EFf ·41.84~ FUEL COST SAVINGS • 
TrtERNAL EFf 39.9H 

DIRECT •:OAL-OIL SLURRY BURNING LOCOMOTIVE 
WESTERN-HEAVY DUTY CYCLE 

WS-13 

30. u 
36.n 
36.U 
31.01 
39.51 
40.U 
41. 5I 
u.n 
o.n 
0.01 
o.n 

H.S8 
41.44 

u.sn 



Tl"~ OF TOUt. RUN-HAS= ~~ U,.IT HP IUT I,.G (0F2)= 5940 
SCit (0Al COSTS ~N Sl 1 0• .. 6 8 T u • s • 2 • 8 4-4 

14500 6TJ/I IIHR SLURRY 
,.OTCH ~RATED JUTY CHLE ENG IN': PEA: UNIT SC" COAt WA TEA: F 01! nu·sl'ttRI' 

POSIT ION HP ~ TINE HP FUU. RATE REQ. ollltR STM INJ lQ .. 6 

1 ~. l 6.] 161 0.185 571 0 11.8 . 
2 11.5 s..8 . 6IJ 2 0.264 820 111. 2 
] 21.2 4-.8 loBO O.Hl 1•)89 1(,.8 
4 )1.9 3.6 1,89~ 0.44/o 1H9 111.8 
5 1,9.1 2.6 2,859 o. 58] 1'~ 10 2lo. l 
6 H.] 2.8 ],821 0.118 z.~ Z9 30.4 
l H.2 2.4 4, 'flo'S o. 810 zro1 36.8 
8 LOO 11.) S,HI) 1.000 3105 4l. 3 

I DILE 1 9 59 0.169 525 r.2 
YRJ.IDLE 1 47. () ~9 0 o.o 
OYN.BRUE 2 3.8 119 0.178 'iSJ 0 T. S 

;.OHH ~ lATE l u J·s ~m,.~. TlT COST WORK THERM EFF 
P!lS IT (i)N .... ( 000 ) c 0 1\L CONS. HP-fiRS (BTU) ( ~ ) 

----~-----------------------------------------------------------------------~---------------------------------
1 Z.1 
z 1t.s 
3 21.2 
4 H.9 
5 "a. 1 
6 6'-3 
1 8 ~·. 2 
8 100 

IDLE l 
YIIO.IDLE I 
OYN. BRAKE. z 

COL ·rouL -) 

FUEl cos.T s l't "ILLS 

DUTY •(Y(lE THERMI.L 

21,5~6 

l!>,HIJ 
1 'J, 9C to 
11,90 ~ 
35, 9:!4 
to 1, 6 z~ 
49,4~1 

l61,8!JZ 
JS.Oit-9 

10 
15,.044 

5H,Sl2 

I HP - Hll " 

83 
110 
12 1 
liS 
109 
L4io 

ISO 
810 
109 

0 
ii9 

1,199 

ZJ.HS 

. 566 
2,216 
],388 
],8U 
4,161 
5,·n1 
6o~lo6 

n.-;a8 

FUEL COSTS OF DIESEL 
BURNING Of~(SAHE D.C.) 

1,441,455 
5,6)9,919 
8 0 621o2Jio 
9,119,525 

10,581t,9J4 
15,241,39!) 
16,')13,072 
95,662,21/o 

EFFICIENCY = ZJ.S'i'l IN MILLS I' ~P - HR • 4].00 

FUEL COST Sl~[N~S 

<OYER •HHL:• 

GAS TURBI~f OWS BURNING LOCOMOTIVE 
EASTERN DUTY CYCLE - GE27 ENGINE 

" 3S.Ol2'l 

5.H 
t s.n 
21.61 
25.61 
B.H 
32.01: 
H.H 
n.n 
o.o~ 

o.o~ 
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...... 
I 

....... 

TIM~ OF TOTAL RU"-,HRS• 
SC .. COAL C JSTS IN ., 10"6 8rtJ ·s = 

NOTCH 1 RATED DUTY CY'·CLE 
PilSIT ION ICP t TIME 

1 2.1 6.S 
2 tl.5 4. 5· 
) 21.2 4. 2' 
4 )1.9 4.9t 
5 48.1 4.S 
6 !14.] 4. 8: 
1 a 1.2 2.8 
8 100 22 

IDLe 1 9 
YRil.IOLE 1 H 
Of"'.BRUE z ) • Ill 

NOT Cit t RUED 
P!lSIT ION HP 

~6 

J. H1 

ENG I .. e 
t-P 

161 
e.'!Z 

I, 2 SO 
11894 
218SIJ 
11 a 21 
419'5 
519'0 
~9 

~9 

119 

BT J"~ CONS 
((1)3) 

JNIT liP RATING COF2)a 5940 

1/HR SLURRY 
PER UNIT SCM COAL WATER FOR 8TU"S/HR/ 
FUEL RATE REQ,I/HR SlM IN J 10"6 

0.185 654 0 r.8 
0. 2 64 9)6 11.2 
D. H1 1243 u. a 
0.444 1574 18.a 
o .• 5 a J 2066 !4. r 
o. 718 Z5H )0.4 
0.810 JOB] )6.8 
t.ooo )545 42.) 
0.169 599 r.2 

0 o.o 
0.178 6H r.s 

TOT.COSTS WORK THERM ~FF 

COAl CONS. HP-HRS IN Bru·s ( t ) 

~ --------------------------------------------------------------------------------------------------------------
1 z.r 
2 1·1 • 5 
) 21.2 
4 )1.9 
5 4 8. l 
6 64.) 
1 IJ).2 
8 100 

IDlE 1 
HD.IOlE 1 
OfN. BRAKE 2 

(ill TO TIL -> 

FUEl COSTS 

OU'I'Y CYCLE 

ZIJ I 4 Zl 96 584 
2111154 96 1,119 
)4,905 118 21964 
511571 115 5,198 
!1211 51 21 I 11201 
!111525 211 101210 
57.uo 19~ 7,15) 
521,)4) lo110 1), 181 
)61'))1) 12 z 

I) 0 
1,r,,o19 54 

0.()1 )11,910 ) '116 108,872 

Itt MillS I HP - lilt z Z8.H FUEl COSTS OF DIESEl 
BURNING OFZ<SAHE o.c.) 

TltERMAL EFFICIE~CE = 30. 2t IN HILLS I HP - HR • 

FUH COST 
(IJYf 11 

GAS TURBINE CWS BURNING LOCOMOTIVE 
WESTERN DUTY CYCLE - GE27 ENGINE 

WS-40 

SAYINGS 
OIF.SEL> • 

1,4117,215 '.i.21 
4 1 H5 1 114S 15. 5t 
7,54),614 21.61 

1),2191)54 25.61 
11Jo121,01l B. 51 
26,118.184 JZ.Ot 
19,7JI,917 H.zt 

u,r,,Z45oll6 H.Jt 
o. ot 

o. 01 

217,078,536 

41.44 

J0.9H 
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~ 

I 

11~E OF 101AL AU~-~~S• H UNIT HP RATING • 8000 
SC14 Clll CDSYS IN '' •~·6 aru·) • 2.844 

14500 8TU/f II Hit SLURRY 
NOHH C RAT ED DUTY CY!:•_E EN~INE PEA UNIT SCM COAL WATER FOR 8TU.SIHRI 

POSIJION HP t liME tiP FUEL AUf AE~.,t/HR Sl1M IN.J t0•6 
-------------------------------·-------------------------------------------------------------------------------

1 2.1 6.) !l6 O.lSii 558 1o264 1.6 
2 ll. 5 5.8 'H'J o.zH 866 1,962 11.8 
3 21. 2 4.8 lo!l91 0. HI 1200 lo11 9 l6o 3 
4 )1.) 3.6 2,551 o. 4l'ii I 551 31, BO 21.2 
5 4 8. 1 2.6 3o849 0.')74 20114 4-.123 28.4 
!> !>to. 3 2.8 S ol46 0. rt4 2589 5-.869 ]5. 3 
1 83.2 2.4 6o~59 0.8!>'ii 3153 1,146 43.0 
d 100 11. 3 8,()00 1.000 3621 IIi, 221 ft9.4 

IDlE I 9 80 0.1311 491 1o 121 6.8 
YRD.Ii>LE l 41.6 BO 0 0 o.o 
Dl'N. :\RAKE 2 ~.8 1!10 0.1411 SH 1oZOJ 1.3 

NOfCH t RATE!) WATER 8TU"S CONS TOT. CO:il' WOAII. TtiERN EFF 
POSITION tiP CJNS. 1 GAL. (000) COAL COWS HP-HRS (8TU.S) ( t ) 

~ --------------------------------------------------------------------------------------------------------------
~ 1 2.7 SlS 26o811o 81 163 1,941,354 

z ll. 5 765 38 .31 q 116 lo985 7oS9S,931 
3 21.2 ~11 43,94'1 1H 4,562 llo6ll,l43 
4 31.9 IJ54 iol,791o 129 5,144 13,0~0,26) 

5 48.1 B26 41,352! 125 S.o604 Ho2~1,245 
~ 64.3 1o105 55,336 167 a,o69 20o535,20!1 
1 83.2 1 ol 53 51o7SZ 115 a., 9SO 22,118,54:1 
'J 100 6.245 )12,811 H6 50,624· l28,8U,08:l 

IDLE 1 ~82 3'..156 10] 
YRO.IOLE 1 0 0 0 
OYN. !RAJ,;; 2 108 15o45ll 41 

COL fOULS - - -> 13,)51 668,7'ii3 2,023 8b,700 l20o 651,715 

FUEL COSTS IN ~ILLS I ~D - tiR. : ~3.34 

DUTY CYCLE THERMAL EFFICIENCY • 33.01 

FUEL COSTS OF DIESEL 
BURNING Of2(SAKE D.C.) 

IN HILLS I HP-HR • 43.00 

FUEL COST SAYIN~S 

(OYER DIESEl) • 4S.1lt 

GAS TURBINE CWS BURNING LOCOMOTIVE WITH STEAM INJECTION 
EASTERN DUTY CYCLE, GE27 ENGINE 

I.IC' 0 

7.H 
u.n 
l6.tot 
30.61 
H.SC 
H.U 
H. lot 
41. 2t 
o.ot 

o.ot 



-· ....... 
I ......., 

w 

Tl't: O"' TOTAL RiJ~-•HS:a B UNIJ HP RAT IN!O (OF 2) • 8000 
SCit Call COSTS IN ,, 10"6 BTU"S . 3.1'H 

14S008TU.I• •lrtR SLURRY 
NOTCH c AAHO DUH C w: ~f ':N';INE PEA U .. IT Hit COAL WATfR FJA uu· S.lriR.I 

POSITION HP 1 Tl'tE -iP FUEL RATE AE:I., • .IHA Slit INJ 10"6 

--------------------------------------------------------------------------------------------------------------
I 
z 
3 

" s 
!I 
l 
~ 

I OLE 
YIW.) OLE 
OYN.oAUE 

NOTCH 
POSJllON 

. I 
2 
3 

" 5 
~ 

1 
i 

IDLE 
YAD.JOLE 
OYN.!UUE 

COL TOTAL -

2.1 6.5 Zl6 0.1 S4 sse 1,264 
ll. s lt.S 91'9 o. 239 866 1,962 
21.2 lt.2 1 • S.''H O.HI 1200 2,119 
ll. 9 lt.9 2, s;51 0.429 I 551 l, 530 
"8. 1 lt.S 3,8!49 0. s 14 2084 4 0 121 
H. 3 4.8 S.lolo6 0.114 2589 So869 
83.2 2.8 6t 6o"S9 0.869 11 s) 1,146 

10.0 22 8.~o 1.000 3621 8,221 
I 9 8:) 0.131 491 I, 121 
1 31 ao 0 0 
2 ). 8 I 6o0 o.1u 513 1 0 201 

( RAT EO 8TU"S TOT.COSH WORK 
HP CONS., ( 000) COAL CONS. HP-ttRS IN 8Tu·s 

2.1 21,6!15 i4 1d1 2,0o2,981t 
ll. s l9. 1 )0 101 2 ol16 5,893,395 
2 I. 2 38.4 s 5 131 ], 992 10 0 159 1 1511 
31.9 58,248 1911 1,1)01 11,811.111 
\8.1 11,510 243 9,69~ 24,682,923 
H.) 94,8~1 322 13,812 )5,203,213 
al.2 61,311 229 I 0, 442 26oSl4,97J 

100 609,052 2,068 98,560 250e83Se203 
I H ,I 56 116 
1 0 0 
2 15,451 52 

- -> 1,04!1,565 3,553 146,629 311,169,146 

FUEl COSTS OF OJESEL 
FUEL CJSTS IN MILLS .I ~P - nA • 24.23 BURN IN~ OFZC SAME D.C.> 

IN ltlllS .I HP - HR • 
DUTY. CY~LE THERitlL EFFICIENCY • 35.71 

FUEL COST SAVIN!OS 
(OVER DIESEL> 

GAS TURBINE CUS BURNING LOCOMOTIVE WITH STEAM INJECTION 
WESTERN DUTY CYCLE, GE27 ENGINE 

WS-9 

u.H 

• 41.511 

1.6 
11.8 
16.3 
l1.l 
28.4 
35.1 
41.0 
49.4 
6.9 
o.o 
1. 3 

THEA It EFF 
( c ) 

1.21 
19.81 
26.41 
10.61 
H.H 
H.U 
39.41 
41.21 
0.01 

0.01 



...... 

...... 
I ......, 
~ 

JI 'IE OF TOTAl RUN - HRS ~b UNIT rtP RUlN!i . 8000 
ttP AUXIllARY " 111 RilM COAL IITU'S/1 • 12500 

ROM COAL CO 'iTS I :II • I M1HU • S 1.562 Of 2 COSTS II GAL • o.8s 

NOTCH l AAHO DUTY cY:Le EN';INE AIR SUPPlY PJ FUEL 14613 BTU HTUAL (l STU'S CONS THEM EFF WATERIHH 
PDSlTlOif tiP t TIHE <iP FAN iP RATE Cl/HA,lOOt CONS,tlrtR PER HR ( l ) CONS,f/rtR 

-------------------------·------------------------------------------------------------------------------------------------
1 
2 
3 
4 
5 
6 
1 
9 

J!)LE 
YRO.lDlE 
DYN. :tRAilE 

NOTCrt 
POSITION 

1 
2 
1 
4 
s 
r. 
1 
tl 

IDLE 
YiiO.IOlE 
OYN.aRUt 

C:JlUitN THIL 

l 

2. 1 
11.5 
21.2 
ll. 9 
48.1 
64.3 
83.2 

100 
1 
1 
2 

lUTED 
HP 

2.7 
11.5 
21.2 
ll.9 
4 8.1 
64.3 
81. z 

100 
1 

·1 
2 

- - ~ 

~.l 

5.8 
4.8 
).6 
2.6 
Z.lt 
2.4 

11.1 
9 

ltl. 6 
).8 

~16 

919 
1,697 
2,551 
), ')49 
5. 14 6 
6,659 
8,ooo 

-10· 
80 
160 

HP-rtRS 
000) 

0.8 
3.0 
4.6 
<;.1 
5.6 
8.1 
1.0 

5D.6 

8~.7 

0 O.l2HOtl 528 
2 0.209142 dl7 
tl 0.301)414 1,260 

18 0.399484 1,676 
~0 0.541422 2,296 
72 a.6923Z1 2,91)4 
120 1).8514Zl 3,597 
113 1.00001)0 4ol'iS 

0 0.10HS8 460 
0 0.10955d 460 
0 0.119105 500 

v--------· TOTAl CONSUMED 
Of 2 COAL WATER 

( [;Al) ( • ) ( , ) 

Zo197 199 
3,362 9,699 
1,991 .11,512 
],986 11,499 
lo'H4 11 • ld 1 
5,312 15,500 
5,101 16,454 

lloll7 90,354 
2 elH 1, 8d4 

Uo4Sl 41.699 
1. 254 1,619 

71),311 220.422 

GALLONS rt20 CONSUNEO • 
FUll POWER lrtERMAL EFF IC l fNC Y • 
DUTT CHLE IHERHll EFFICIENcY . 
FUEL C !lS l SlVINGS (OVER DIES> • 

623 
1,035 
1,487 
1, H7 
2,109 
1.~26 

4,.241 
4 1 ·H9 

542 
542 
589 

---------v 
• REGEN 

LIME STONE 

725 
1,109 
1 o119 
l ,115 
1 ,102 
1, 11] 
1, cUZ 

!li)ol34 
902 

4ol69 
414 

zs. 84~ 

26,461 
)5.0ll 
23.981. 
4Z.61C 

GAS TURBINE WlTH GASIFIER LOCOMOTJVE 
EASTERN DUTY CYCLE 

WS-2 

r,H5,6H 7.52 2. 51 5 
12,161,~19 19.23 3,816 
1lo412o18~ 24.12 So256 
23,229,751 27.95 6,837 
l1,il32,232 30. Jl 9,ZH 
40,258,102 )l.Sl 11o6l8 
49,8511,581 H.9J 14,439 
59,149.341 3S. 01 16,920 
3ol10oll~ 2,26) 
~ 1 l10,1B 2,261 
~.925,8)5 2,411 

v------- TOTAl COSH • -----v 
WATER • 

FuEL liMESTONE TJTAl 

4Z .:)9 11.61 H. 56 
65.64 26.14 91.98 
111.04 ll.ll 10).]6 
n.a2 .31.2] 1H.05 
n. 02 10.91 107.92 

104.(19 42.09 1-H.99 
111.15 4(o. 68 1H.Ol 
HI.~S 245.31 856.8) 
5).)5 21.41 H.Jl 

282.19 11 ). 24 )95.41 
2,..49 9.8) 34.12 

1,529.14 608.09 2,1H.Zl 

FUEL COSTS DIES, DF2 
(SAHE O() 'tllLS/HP-HR= 4).00 
FUEL CSTS,'tiLLS/~P-HR• 11.64 
(FUEl ONlY) 
FUEL CSTSo'tiLLS/rtP-HR• 24.65 
(fUEl PLUS WATER) 



...... ...... 
I 

....... 
01 

NOTCH 
POSI TlON 

I 
2 
1 
4 
5 
6 
1 
iJ 

IDLE 
YRD.IDLE 
OYN. 3RU.c 

NOTCH 
POSITION 

TIME JF T~TlL ~UN - HR~ 56 
~JRSE POWEr. - AUKJL z Ill 

RON COAL CO~TS IN t/MBTU"S c 1.157 

• RATED DUTY CY:lE AIR SUPPLY 
. FAN 1P 

PJ FUEL 
RATE HP ¥ TIME 

2.7 ~.5 Zl6 0 0.125808 
11.5 4.5 U9 l 0.209142 
H.Z 4.2 1,697 8 0.100414 
:u. ~ 4.9 2, 5 S I 18 0.199484 
U.1 4.5 ),8to9 40 O. 5I. 1HZ 
~·4. 1 lo.!J. 5o146 12 0.692321 
&.J. 2 2.8 6o659 120 0.851421 

100 22 8,ooo 1 Jl 1.000000 
1 9 IJO 0 0.109558 
1 H IJb 0 0.109558 
2 1.8 160 0 0.119105 

v------------ TOTAL 
c RATED HP-HRS OF2 COAL 

HP ( 000 ) ( GAL ) ( • ) 

UNIT HP RATING • 
ROM COAL BTU"S/1 • 
OF2 COSTS IN t/GlL • 

8000 
8500 
o.es 

14671 BTU ACTUAL CL BTu•s CONS THERM EFF 
CLIHR,8S- CONS,I/HR PER HA,LH~ LHV ¥ 

'.i28 H9 7,6~4,]0~ l.H 
811 1,595 12oh1 0 llS U.4¥ 

1,260 2,291 1!1 ,)05 e1 so ll.U 
I, 676 ], 04 6 H,Hc;,922 26. n 
2,296 .. ,174 ]3,]49,41:) 29.41 
2,904 5, 219 42ol16,81l 11.1. 
1,5H 6,5)8 52,2H,925 )l.lot 
4,195 7,625 60,920odl7 )). 4-

460 815 6o671oel5't 
460 8 )5 6o6hel58 
500 ~08 7,~55,'J81o 

CONSUM8EO ----.----v .,----- TOTAL COST • WATER • REGE-. WATER • 
( • ) LIMESTONE FUEL LIMESTONE 

WA Tf.R/S TN 
C0~'5 0 11HR 

2,515 
),816 
5o256 
6,831 
9e2H 
11.~)8 

14 "" 19 16,920 
2 I Z6) 
2,26) 
2 I 411 

--------v 
TlUL 

--------------------------------------------------------------------------------------------------------------------------
1 2.7 
2 11.5 
1 21.2 
4 H.J 
s lo 8. 1 
6 H.3 
1 81.2 
8 100 

IDLE 
YRO.IOLE ' 1 
DYN.3RAilE 2 

COLU"N TJTALS -) 

0.8 1_, 4 92 8,141 244 
2.1 4,018 8,450 2 81 
4.0 5 ,]88 1o.8oo 177 
1.0 ·8tl58 16,3]6 585 
~.7 10,518 20,228 116 

11.8 h ,189 27,169 99) 

10.4 10,251 19,668 718 
98.6 91,916 181,211 6o575 

4,210 10,185 295 
15,4)1 17,344 1. 081 

1, 9)] 4,570 115 

146.6 171,7]0 344o105 12,021 

GULD,.S H20 CONSUHED a 41,309 
FULL POWER THERMAL EFFICIENCY . H.4zt 
DUTY CYCLE THEil MAL EFFICIENCW . 21.zn 
FUEL COST SAVINGS COVER DIES) a 61.5!¥ 

GAS lURBINE WITH GASIFIER LOCOMOTIVE 
WESTERN DUTY CYCLE 

WS-3 

]lo.]4 11.81 46.15 
)9.52 12.67 S2 .l'J 
52.'J'J 16.46 69.4S 
82.20 25 .ll 107.11 

101.44 )1.27 134.71 
1)9.54 42.07 181.61 
100.81 )0.4) 111.24 
921.81 279.15 le201.65 

41.40 14.61 56.01 
151.82 51.55 205. J7 

19.01 6.60 25.60 

le688.88 524.42 z, 21J. 30 

FUEL COSTS DIES, OF2 
(SAME 0() "ILLS/HP-HA• 41.44 
ACT.COSTS/ llHP-HR• 11.52 
(fUEl DNL Y) 
ACJ.C!lSTSI IIHP-ttAa IS. 09 
(FUEl PLUS WATER) 



...... 

...... 
I 

........ 
0'1 

HP FL :; ,,F, ... 
CA~XILIARI~S FROM TUR81 ... E OUT~Ul)HP FL !.fA ... 

liME OF TOJAL RU~oHAS. 

.. OH1 
P!JSITiilN 

1 
2 
) 

4 
5 
6 
1 
Cl 

IDLE 
nJ.IOLE 
oY-..3r~u.: 

NOJCti 
PHI T I lN 

1 
2 
3 
4 
5 
6 
1 
8 

I OLE 
Y.lJ.lDLE 
OY~.8AAI\E 

lUTE!) 
HP 

2 • 1 
11.5 
21.2 
31.9 
48.1 
~c.. 3 
8].2 
~00 

1 
I 
2 

C RATED 
HP 

2. 1 
lJi. 5 
21. z 
H.9 
48.1 
H.3 
81.2 

100 
1 
I 
2 

OJTY ::Y:LE 
t 11ME 

f .• ) 

~·. 8 
~.8 

~.6 

L'> 
~.8 
~-4 

u. 3 
9 

U.6 
3.8 

eNG I-.E· 
HI> 

2H 
':Jl9 

I 1.6H 
2,551 
3. 8 ~ 9• 
5, H6· 
6,!1]9 
8,0i10 

~t) 

dlil 
1·6:1 

1P-·'iAS 
( 000 ) 

O•. a 
l.O 
4.6 
5. 1 
5.6 
8.1 
9.0 

50.!1 
0.4 
2. 1 
o.J 

Bi.!l 

4o00 
485 
5·6 

Af~ 8'0 I LEA 
FAN 8HP 

2'5 
5<6 
90 
1.!1 
lod4 
2 .. 0 
ln 
36, 
11 
l'l 
ZJ 

HAKE-•JP 
H20 

( GIL ) 

12. 52 
46.26 
lO. 3l 
J9.15 
86.)5 

IH.H 
1]9.1•) 
791.00 
J.~6 

39.4'; 
S.l2 

llo02. 01 

CONDENSER 
f IU~ 8HP 

0 
0 
1 
3 

ll 
21 
~9 

102 
0 
0 
0 

ilF2 
{GALIHR) 

UNIT HP ~ATING a 

RaM coAL cosTs IN '' 10 A' 8ru·s· 

8LR.FEEO 
PUMP BHP 

0.8 
) 

9 
16 
ll 
'H 
81 
Ill 
0.6 
0.6 
0.) 

COAL 
CONSUMED 

(TONS) 

1. 92 
2.16 
3. 21 
3.18 
3.16 
4. 35 
lo. 11 
26.41 
2.44 
o.oo 
loll 

53.21. 

HP 
TOTAL 

245 
CJ8.s 

1 •. ao a 
2 .,ll4 
4 ,. tOO 
s •. soo 
1.,15) 
8 ,.6-4 2 

I 0.2 
L02 
186 

THcR't. Eo"f 
( 1: ) 

lt.H: 
ll.H 
as .• 41: 
11.51: 
19o. H 
20 .• U 
20.61: 
2 0\.81: 
1.811 
0.011 
3.Jl 

TONS COAL/ 
HRol2SOOBTU 

0.544 
o.a5o 
1.191 
I •. S1S 
2.167 
2.ns 
3.505 
4.1 H 
0.48~ 

0 
o.sB 

l I"lc ST JNE 
(.;nNS.LIMEO 

(TONS) 

0.64 
0.92 
1 • 0 J 
1.06 
1.o5 
1.4 s 
l.jJ 
a.8o 
o.aa 
o.oo 
0.31 

11.15 

8000 
1.562 

I ... PUT 
HEAT RATE 

M8lU/HR 

1 z. 180 
19.961 
28.041 
31.022 
50.914 
65.209 
82.111 
9B.062 
11.196 
o.ooo 

12.204 

v------
f JEL 

CON SUM:[) 

J4 .92 
101. JJ 
1H. 28 
124.02 
123.23 
169.91 
183.i8 

lolll.lS 
95.44 

o.oo 
43.15 

2o1JB.B'S 

(UHV). 

WORK 
8TU"S 

t ,941,354 
7 1 595,9]1 

llo61lol43 
I 1 1 090 1 H9 
l4,26t,2to5 
20,515,206 
22,118,548 

128 1 8l8,0CIO 
1,026,144 
5,427.1!>2 

8o6oSZ2 
221,911,602 

TOUL COST i 
WATER + 

LIHESTON~ 

19. B 
21.60 
l2. 08 
31.16 
)I.S6 
lo 3. 51 
u.u 

264.06 
24.41o 
o.oo 

ll. OS 

5]2.]5 

( L H·V) 
INPUT 

KBTU"S 

45,081' 
64,85) 
15,191 
14.611 
llto159 

102,248 
110,Jl5 
620,516 

51olt18 
0 

25,910 
lo251 0 0llo 
------v 
TOTAL 

9lt.ll 
1) s. 36 
151.)6 
155.18 
1Slo.19 
211.42 
231.09 

lo295.20 
119.89 

o.oo 
54.21 

2,611.20 

lt.HE-UP oUTER, G~L I H riA S 81.1 fULL POWER THE: A 'tAL EFfiCIENcY " 20.1621: 

ROM ·cOAL STEAM TURBINE LOCOMOTIVE 
EASTERN DUTY CYCLE 

WS-10 

C•UI Y 

FUEL 
fUEL 
FUEL 

FUEL 

cYCLE THEA 'tAL EFFlCIENCE • 

ONLY COSTS, MILL S.IHP-HR 
• CONSBL ClSTS,NlLLSIHP-HR 
COSTS Of2, .. lLLSIHP-HR 

COSTS SAVl .. GS COVER Of2) 

18.2211: 

• 23.Zl 
a 29.15 
: 43 

. H.2U 



CI.JXIi.IIRIES 

NOTC!i 
POSJliDN 

I 
l 
) 

" 5 
6 
1 
I 

IDLE 
YliO. £OLE 
0YN.8AUE 

\IOTCH 
PJSITI!JN 

.... .... ,, 
;! ........ 

........ .. 
!> 
6 
1 
I 

I OLE 
yqCJ,EDLE 
OYN.IIAUE 

JJHE Of TOTAl AU\I,HA'i. 56 UNIJ HP AITIN:O• 8000 
FRJH JUrcBINE O:JTPUT)HP Fl ~ • F l'f 485 AOH COil CDSJS IN Sl 

HP fl ::.,. .. 400• 
t AIHO DUTY CYCl~ ENGUE IFB BOILER CONOENSEA BLR.PHD HP 

HP t TIME HP ~'IN BHP F I II llliP PUHit IIHP TOUl 

2.1 6.5 216 25 0 o.8 245 
II. 5 4.5 9B 56 0 ) 985 
21.2 4.2 1,697 90 I 9 1,808 
)J. 9 4.9 2,551 Ill ) 16 2. ll4 
48.1 4.; 1,1149 184 11 )I 4,100 
H.J 4.8 5,146 240 l1 51 5,500 
8}. 2 2.'J 6,6H )07 59 81 7,155 

100 ll 8,0l0 165 102 Ill 8,642 
I 9 80 I 'I 0 0.6 102 
1 )) d~ 19 0 0.6 102 
2 3.8 BO 2J 0 0.) 186 

COil 
t UTt;O 'tP-•iA'i "4UE-UP H20 OF2 CONSUHBED THEAH EFF 

riP (000) GlllOifS CGILIHA) ClON!I) ( t ) 

2. 7 0.11 12. 9l ].01 4.08 
II. 5 ~ . ) 35.119 1.13 11.1)9 
21.2 4. 3 61.52 4.)6 14.58 
11.9 r. l 101.13 6. Jl 16.61 
~ 8 .I 9. 1 149.45 8.48 18.21 
!I~ .l n. 8 21).811, II. 59 19.02 
8 J .2 10.4 162.28 d. 54 19.48 

100 98.5 1540.00 79.85 19.66 
I o.~ 7.46· ).80 1.69 
I 1. s 27. )5 o.oo o.oo 
2 o.J 5.12 I. 12 1.16 

au·.~ 2124.111 lll.44 

HI<E-UP WIJEA, Gil I H HAS l,HS 

ROM COAL STEAM TURBINE LOCOMOTIVE 
WESTERN DUTY CYCLE 

WS-11 

10 "6 IITu·s· 2.0) (UHV) 
J'fPUT 

TONS COlli HEAr AilE II OAK 
HA ollSOOIITU HllfUIHA . 8Tu·s 

o. 544 12.780 2,002,984 
O.dSO 19.967 5oiJ9),)JS 
I. 19) 28.041 l0 1 159,lSO 
1.575 17.022 llo817,)11 
2.167 50.9]4 24,6112,921 
2. n5 65.201 )5,201,210 
3.505 82.)17 26,574,91) 
4.171 CJIJ.062 250,815,200 
0.4!U 11. JH lo026oH4 

0 0. 000 . Jol62o528 
o. s 19 12.204 866, 5ll 

178,8:?4,9)} 
liHfSTlNc v------- TO TIL COH 
CON<;UHaEO FJH WIT~R • 

CfOHS) CO"'SUOIEO lllfESTO~i: 

0.22 I 06.21 6. 4 !I 
O.ll 114.88 6.911 
o.H I 50. 61 9.B 
0. 47 211.94 14. ll 
0.59 293.05 11.81 
0.81 400. 19 24.)) 
0.60 294.90 17. 9) 
5,59 2,158.29 167.68 
o.n 1)1.14 1.91 
o.oo o.oo o.oo 
O.ll 59.29 ).60 

9.20 4,;40.50 216.0) 

fUll POIIEA TrtER .. IL EFFICIENCY a 

DUTY CYCLE THEA .. Il eFFICIENCY z 

FUEL COST ONU HlllSIHP-HA z 

FUEL • CON Sill ClSJ'),HJLLSIHP-HR : 

FUEL COSTS Df2 , HlllSIHP-HR . 
FUEL COST SAVIN:OS (OVER COFZ) 

ClHV) 
INPUJ 

lliiJu•s 

49,1)1 
51o14l 
69,672 
101,295 
1)5,562 
185,121 
116,422 

1,275,982 
60,664 

0 
27,429 

2,100,429 

• ------v 
fOUl 

112.66 
121.8~ 

159.71 
lto6.04 
H0.86 
424.52 
)12.81 

2,925.98 
119.11 

o.oo 
62.90 

4,816.5) 

l9.6S8t 
18.0 JU 

)0. so. 
)2. )6 
41.44 

21. 9lt 
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COA~ BURNING ~OCOMOTIVE STUDY 

APPENDIX B 

EQUATIONS FOR DIGICA~C SPREADSHEETS 

COA~ WATER S~URRY BURNING DIESE~ 

EQUATIONS FOR DBDIE~E.(WS17) AND DBDIESEA.(WS30) DUTY CYC~E rUE~ COSTS 

1. 010•810*13/100 
2. F10•(D10+G10)*E10 
3. H10•F10*19400 
4. J10•03*010*C10/100/1000 
~. K10•010*2~4~*100/H10 

•· ~lo·o~·c~O*HlO/lOO/lOOO 
7. C29•(Hll-Ill)*Cll*D3/100 
e. E29•C28*,2.7/47.32. 
9. F29•E28*2/I7 
10. G28•Ill*D3*Cll/19400/100 
11. . H28•E28*D4/l 0 A 6/. 94+G28* I 4/7.1 
12. I28•03*C1l*F11*I4/7.1/l00 
13. J28•E28/(663~*9.7) 
14. K28•G28/7.1 . 
1~. ~28•Jll*2'4~*1000/(E28+G28*18400) 
16. r40•Kl7/100 
17. r41mJ21*2~4S/L21 
18. r43•J17*1000*2'4~/(E34+G34*18400) 
19. F44•J21*2~45*1000/(E38+G38*18400) 
20. L40•H38/J21 
21. L41•I38/J21 
22. L43•(L41-L40)/L41 
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COAL BURNING LOCOMOTIVE STUDY 

APPENDIX B 

EQUATIONS rOR DIGICALC SPREADSHEETS 

COAL OIL SLURRY BURNING DIESEL 

EQUATIONS rOR SLBDIESWE.(~S13) AND SLBDIESEA.(~S16) D~ryy CYCLE rUEL COST 

1. D3•~6 
2. D~·3.121+D6 
3. D~•.39 (~EST) OR .362 <EAST) 
4.. I 3•3822 
~. 14•.8~ 
6. I ~•14~00 
7. r10•(D10+Gl0)*El0 
e. HlO•r10*19400 
9. I10•D3*D10*C10/l00/1000 
10. J10•Dl0*2~4~*100/H10 
11. K10•D3*C10*H10/100/1000 
12. C26•Kl0*2*1000/(19400+I'*.94) 
13. r26•C26/2 
14. G26•C26/~7.1 
1~. H26•r26*14~00*D4/10A6/.94+G26*I4 (~EST) 
16. H26•r26*14~00*D4/10A6+G26*I4 <EAST) 
17. I26•H10*D3*C10*I4/l9400/7.1/100 
19. J26•I10*2~4~/K10 
19. E41•J17/100 
20. E42•121*2~4~/K21 
21. E44•E41 
22. E4S•E42 
2J. J4l•H38./I21 
24. J42•I39/I21 
2~. J44•1-J41/J42 



24-Jan-86 

COAL BURNING LOCOMOTIVE STUOY 

APPENDIX S 

EQUAT I <l'IS FOR DIG I CALC SPREADSHEETS 

GE-27 GAS TURBINE WITHOUT STEAM INJECTION 

EQUATIONS FOR DBGTEAWOI27(WS36) & DSGTW~OI27(WS40) OUTY CYCLE FUEL COS 

1. 010•B10*H3/100 
2.. ElO• .1~98~8+. 0001~419037*D10-. OOOQOOQ021411,,28*Dl0'"'2 
3. F10•310~*El0 (EAST) & 3~44*El0 (WEST) 
4. H10•F10*12700*.94/10A6 
S. D2!•H10wD3*Cl0*10~6/100/1000 
6. E2~•04*D2~1000/.94 
7. H2~•D10*Cl0*03/100 
8. I2~•H2~*2~4~ 
9. J2~•I2~/D2~1000 
10. E40•E37*1000/H37 
11. E42•I37/D37/1000 
12. I42•43.00 <EAST) OR 41.44 (WEST) 
13. I 4~•1-E40/142 
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COAL BURNING LOCOMOTIVE STUDY 

APPENDIX B 

EQUATI eNS F'OR DI GI CALC SPREADSHEETS 

GE-27 GAS TURBINE WITH STEAM INJECTION 

EQUATIONS F'OR DBGT~I27(WS8) Af'lO OBGTWtlo4I27CWS9) DUTY CYCLE F'UEL COSTS 

1. ElO•ClO*I3/100 
2. F'l0•(,1~98~8+.0001~419037*El0-.0000000021411~~28*El0A2)*1/1.2~6 
3. IlO•I17*F'lO 
4. Il 0 • I 17*f1 0 
~. K10•G10*14~00*.94/10~6 
6. E2~•I10*010*E3/100/8.33 
7. F'25•Kl0*E3*D10*10~6/100/1000 
8. H2~•E4*F'2~/1000/.94 
9, I 2~•El O*D1 O*E3/1 0 0 
10. J2~~I25*2~4~ 
11. K2~•J2~/F'2~/1000 
12. F'42•H37*1000/I37 
13. F'44•J37/F'37/l000 
14. J46~1-F'42/J43 



COA~ BU~NING ~OCOMOTIVE STUOY 

AF>F>ENOIX B 

EQUATIONS FO~ OIGICA~C SF>~EAOSHEETS 

ROM COA~ GE-27 GAS TU~BINE-GASIFIER 

EQUATIONS FOR GSFREAST (WS2) ANO GSFRWEST (WS3) OUTY CYC~E FUE~ COSTS 

1. E10•C10*K3/100 
2. FlO•F17*(ElO/E17)"'2 
3. GlO.•O .1+. 977*( ElO+FlO )/( E17+F17)-. 077*( E10+F10) "2/( E17+F17) "'2 
4. H10•G10*H17 
~. I10•H10*14673*1.000~/K4 
6. JlO•IlO*K4*.!4 
7. K10•E10*2~4S/J10*100 
B. LlO•Ll7*C.l25+El0/£17*.87~) 
9. E26•G3*010*E10/100/1000 
10. G26•010*G3*I10/100 
11. H26•~10*010*G3/100-G26*.04 
12. I26•.33*G26 
13. J26•G26*G~*K4/1000000 
14. K26•H26*.00l+I26*30/2000 
1~. L26•J26+K26 
16. I40•H38/8.33 
1 7. I 41•K1 7 
19. l42•E3S*1000*2~4~/(G3S*K4*.94> 
19. I 43•1. -L44/L41 
19. L41•41.44 (WEST) 0~ 43.00 CEAST) 
20. L42•J3B/E38 
21. L44•~38/E38 
22. I46•1-L44/L41 
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COAL BURNING LOCOMOTIVE STUDY 

APPENDIX B 

EQUATIONS FOR DIGICALC SPREADSHEETS 

ROM COAL STEAM TURBINE 

EQUATIONS FOR STHEAST (~S10) AND S~EST C~S11) DUTY CYCLE FUEL COSTS 

1. D10•B10*J3/100 
2. E10•16+010*C36~-16)/D17 
3. F10•(D10/D17)A3*F17 
4. G10•0. 8 
~. H10•D10+E10/0.9+F10/0.9+G10/0.9 
6. I10•.4429090S+.0004106667*H10+.0000000024237*H10A2 
7. J10•I10*12~00*.94*2000/1000000 
8. K10•D10*ClO*E~2~4~/100 
9. L10•1000*E~J10*C10/100 
10. D26•E~*ClO*Dl0/100/1000 
11. E26•H10*~0*E~*C10/H17/40 
12. G26•I10*E~*C10/100 
13. H26•K10/L10/1000 
14. I 26•G26/3 
1~. J26•L10*J4/1000/.94 
16. K26•I26*30 
17. L26•J26+K26 
18. G40•E38*24/40 
19. L40•H33 
20. K41•K21/L21/1000 
21. L43•J38/D38 
22. L44•L!8/038 
23. L4~•43 (EAST) .OR 41,44 <~EST) 
24. L47•1-L44/L4~ 
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COAL BURNING LOCOMOTIVE STUDY 

APPENDIX 'C' 

Derivation of Diesel Efficiency Using Slurry-Coal Fuel 

The diesel engine produces power by the exertion of pressure from the 
cylinder gaseous contents on the moving piston head. Starting with the 
identical air trapped in a cylinder at the beginning of a 12.7 to 1 com­
pression, the identical work will be produced if the identical sequence of 
P-V pressure and cylinder volume) is traced out. Such a sequence is illus­
trated for one pound of air starting at 44 PSIA, being compressed to 1400 
PSIA, having fuel added and burned to reach 2860 PSIA and thereafter expand­
ing to 103 PSIA. Omitting losses by heat transfer, a thermodynamic analysis 
determines the amount of diesel fuel (DF2) required. The eff1c1ency based 
on the fuel higher heating value would be 52.7%. Since the latent heat of 
vaporization of the water vapor formed cannot be utilized to produce work, 
the eff1c1ency based on the lower heating value is a better representation 
of thermodynamic accomplishment. This value would be 56.5%. (Actual diesel 
engine efficiency would be 421 for similar cylinder pressures due Lu I1~~L 
transfer, slower fuel burning and engine friction effects.) 

When a coal-water slurry is substituted for diesel fuel, the peak pressure 
of 2860 PSIA would be reached at a lower temperature, but with a greater 
quantity of liquid injected and burned. The slurry evaluated was 50% by 
weight of water and 50% coal that was free of all mineral matter. The 
higher heating value of the coal portion was 14673 BTU per pound. The water 
vapor of combustion would result in a lower heating value of 14250 BTU per 
pound. In the combustion of the slurry fuel, it would be necessary to 
evaporate the associated half pound of water as well as the combustion 
product water. As a result, the effective lower heating value of one pound 
of slurry (50% water and 50% ash and mineral free coal) would be 6544 BTU 
per pound. Tracing the identical P-V path would require firing an amount of 
slurry such that the efficiency would be 47.3% based on slurry higher 
heating value of 7336.5 BTU per pound (14673 + 2) and 53.1% based on the 
slurry effective lower heating value of 6544 BTU per pound. 

For equal power from diesel engines experiencing the identical P-V charac­
teristics, these evaluations indicate a ratio of efficiencies of 1.11 on a 
higher heating value basis and 1.065 on an effective lower heating value 
basis for diesel fuel as compared to a slurry of 50% water and 50% ash and 
mineral free coal. Comparing slurry to diesel fuel, the ratios become 0.898 
on the higher heating value basis. 

Based on the foregoing discussion of diesel engine theoretical efficiencies 
(HHV) of 52.7% for diesel fuel and 47.3% for coal water slurry, the ratio of 
52.7/47.3 is applied to those BTU's in the combustion process supplied from 
the slurry. This has no impact on the thermal efficiency at very light 
loads where all fuel is DF2, but reduces the thermal efficiency at higher 
loads where substantial slurry is consumed. 

The question of engine power derating due to lack of combustion air was also 
considered. For an identical engine, some 17% more air would be required to 
provide full power entirely from slurry. For purposes of fuel cost 
calculations, it was finally decided to ignore this factor since the final 
coal burning engine is expected to be different from today's diesel burning 
engine. The rating can therefore be selected at the time of final design. 
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III. MAINTENANCE COSTS 

A. Background 

B. Planned Maintenance 

1. Estimating Procedure 

C. Unplanned Maintenance 

1. Estimating Procedure 

D. Maintenance Cost Estimates 

Surrmary 
. CWS Burning Diesel Locomotive 
. CWS Burning GT Locomotive 
• CWS Burning GT Locomotive with Steam 

Injection and Heat Recovery 
. Gasified ROM Coal Burning GT Locomotive 
. Steam Turbine Locomotive 

E. Source of Cost Estim~tes 

F. Details of Coal Burning Diesel Locomotives 

1. Planned Maintenance~ Coal Burning Diesel 

2~ Unplanned, Coal ~urning Diesel 

3. Tutal Maintenance Costs, Coal Burning Diesel 
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COAL BURNING LOCOMOTIVE STUDY 

III. MAINTENANCE COSTS 

A. Maintenance Costs - Background 

Locomotives, like all forms of equipment, have m1n1mum total costs 
when a proper balance is accomplished between planned inspections and 
equipment changeouts on the one side with unplanned (failures) on the 
other. The railroads have evolved a split very close to 60% planned 
versus 40% unplanned maintenance cost for this balance. To each of 
these portions of maintenance, the infrastructure· is carried as 
overhead. 

The direct coal burning locomotive maintenance cost is estimated by 
adding to/changing the recommended planned maintenance for a standard 
diesel electric locomotive and by estimating the impact of the coal 
burning locomotives reliability (see Sec. V) on unplanned 
maintenance. 

B. Planned Maintenance 

The objective of planned maintenance and inspections is: 

Minimize Total Costs 
- Balance In-service Reliability 
- Attain Planned Locomotive Availability 

Assure Safety 
- Meet Regulatory Requirements 

Planned maintenance is truly the railroad's prime mechanism for 
keeping its operation predictable. By planning equipment changeout 
just right, road failures due to "wear out" phenomena can be 
m1n1m1zed. To assure the safe operation of a locomotive, a plan can 
also be put together that accounts for new or additional risks thus 
assuring acceptable margin for operation. For the direct coal water 
slurry burning diesel and gas turbine locomotives, there are no new 
or additional risks,_no known new regulatory requirements to be met. 
For the gas turbine locomotives employing steam injection or 
gasifier: the planned maintenance must include time for elaborate 
inspections to assure that all pressure vessels never 
catastrophically fail; inspections that will detect any incipient 
failure while the equipment is shut down. The steam turbine 
locomotive also fits this category of additional safety inspection 
requirements. 

1. Estimates Procedure 

Railroad maintenance data and GE recommended plan provides 
approximately 60% of the total maintenance costs for planned 
activities for oil burning diesel locomotives, the base from 
which all technologies will be evaluated. 
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COAL BURNINS LOCOMOTIVE STUDY 

III. MAINTENANCE COSTS 

B. Planned Maintenance 

1. Estimate Procedure (continued) 

The technique .employed in establishing planned maintenance costs 
is started with the plan and costs for today•s diesel electric. 
With this plan and base costs, the coal technology for powering 
a locomotive is examined for differences only. Primarily all of 
the technologies examined substitute something new for today•s 
diesel engine and fuel handling system. All else employed on 
the locomotive is the same as the diesel electric except for 
quantity and this is directly proportional to developed 
horsepower for traction. Things like traction motors, 
alternators, air compressors, propulsion control, running g~ar, 
~tc .• are all merely a multiple of an ull d1esel electr1c, a 
multiple directly related to how many oil diesel locomotives th~ 
new lncnmot1v~ is proportional to. 

The base case oil diesel electric maintenance costs is the 
beginning for costing of all coal burning technologies. The 
maintenance costs associated with the diesel engine are 
subtracted (GE data on diesel engine maintenance), the remainder 
is then ratioed up to a locomotive of equivalent tractive 
horsepower to the technology being examined. Next, an estimate 
for maintenance just for the coal burning power plant is added 
plus any fuel handling or inspections that are not in the base 
oil burning diesel costs. 

The coal water slurry burning diesel option examined in report 
No. DEAC21-85MC22181 (Copy reproduced in III. F.) varied from 
the above slightly. In this case, the basic diesel engine costs 
were left in and only those changes to the diesel engine 
maintenance were casted. The fuel handling system was also 
different and figured in the cost. 

For each technology, the planned estimates will be made for the 
same type of service as used w1th the Oil burning diesel. iwo 
fuel service consumptions are examined, service equivalent to 
consuming 280,000 gallons of DF2 and 440,000 gallons of DF2. 
These two points allow an equation to be written expressing 
maintenance costs as a function of use. This allows specific 
maintenance costs tu be determined for each major railroad with 
the information of fleet size and fuel consumption given in Sec. 
VII. 

C. Unplanned Maintenance Esti~ate Procedure 

1. Estimate Procedure 

By definition, unplanned maintenance is a direct result of an 
equipment failure outside of planned maintenance activities. 
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COAL BURNING LOCOMOTIVE STUDY 

III. MAINTENANCE COSTS 

C. Unplanned Maintenance 

1. Estimate Procedure (continued) 

Therefore, unplanned maintenance is a result of the relative 
reliability of the equipment that failed. As would be expected, 
railroad maintenance data shows that unplanned maintenance costs 
are dominated by labor costs expended in troubleshooting the 
problem and changing out single failed parts. The technique 
used for estimating unplanned maintenance is to keep it in a 
direct ratio of the reliability of the new equipment·versus the 
base. 

For a coal burning diesel locomotive,the failure rate 
expectation of an oil burning locomotive and its unplanned 
maintenance cost is ratioed with the reliability expectation for 
coal burning locomotive. 

This is conservatively done at the 3800 HP level, the results 
then. ratioed to that horsepower available for traction- The 
reliability for each locomotive option is given in Section V. 
The oil burning diesel base cost for unplanned maintenance is 
derived in Report No. DEAC21-85MC22181 copy reproduced in 
Chapter III.F. 

D. Maintenance Cost Estimates 

The following tables III-1 to III-6, provide the maintenance cost 
estimates for the following technologies: 

a. Summary listing of all technologies 

b. Coal Water Slurry (CWS) Burning Diesel Locomotive 

c. Coal Water Slurry (CWS) Burning Gas Turbine Locomotive 

d. CWS Burning Gas Turbine Locomotive 

- Exhaust heat recovery via steam generation 
- Generated steam reinjected into turbine 

e. Classified ROM Coal Burning Gas Turbine Locomotive 

- Included pressurized gasifier generates low BTU gas 

f. Classified ROM Coal Burning Steam Turbine Locomotive 

- Coal burned in a fluidized bed boiler 
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GALLONS DF2 (000) 

OPTIOM ADO -
-

OIL BURNING DIESEL BASE 0 

CWS BURNING DIESEL 20.3 

CWS GAS TURBINE 2.9 

CWS GAS TURBINE W/STEAM 15.4 

GASIFIER - GAS TURBINE 52.9 

STEAM TURBINE 21.6 

COAL BURNING LOCOMOTIVE STUDY 

TABLE 111-1 

MAINTENAMCE COSTS FOR COAL BURNING LOCOMOTI'/ES 
All RATIOEO 10 3800 HP IN $ X 1000 

PLANNED UNPLANNED 

280 440 280 

TOTAL ADD TOTAL ADD TOTAL ADD -- - - -

41.7 0 47.6 0 27.8 0 

62.0 18.6 66.2 2.6 30.4· 2.9 

44.6 14.7 62.3 0 27.e. 0 

57.1 28.6 76.2 15.3 43.1 16.0 

94.6 70.3 117.9 23.6 51.4 27.0 

63.3 23.3 70.9 47.4 75.2 54.1 

TOTAL 

440 280 440 

TOTAL TOTAL TOTAL 

31.8 69.5 79.4 

34.7 92.4 100.9 

31.8 72.4 94.1 

47.8 100.2 124.0 

58.8 146.0 176.7 

185.9 138.6 156.8 



COAL BURNING LOCOMOTIVE STUDY 

Table III-2 

Maintenance Cost Variance From An Oil Burning Diesel Locomotive 
For 

CWS Burning Diesel Locomotive - 3800 HP 

DF2 Service Equivalent Gallons 
280,000 440,000 

Planned Maintenance Cost Variance 
(3800 HP Level) 

Add 

3-Month Maintenance 

. 6-Month 

. Yearly 

• 4-Year 

. Contingency 

$ 4,020 

1,600 

2,530 

2,050 

. 4,050 

Net Additional Planned Maintenance (3800 HP) =I $20,250 

Unplanned Maintenance Variance (3800 HP) = j $ 2,600 

CWS Diesel Reliability · oil Diesel Reliability -1 X Oil Diesel Unplanned Reliability Cost 

CWS Diesel Reliability = 3~38 F/LY 

Oil Diesel Reliability= 3.09 F/LY 

Total Maintenance Variance @ 3800 HP a 

Maintenance Cost Increase vs Fuel Consumed 
= $.0079/Gallon X Gallons Consumed + $25,070 

I IT -5 

$22,850 

$ 1,020 

1,830 

2,890 

9 t 180 

3,730 

$18,650 

$ 2,940 

$21,590 

I 



COAL BURNING LOCOMOTIVE STUDY 

Table III-3 

Maintenance Costs Variance from an Oil Burning Diesel Locomotive 
for 

CWS Burning Gas Turbine - 5900 HP for Traction 

DF2 Service Equivalent Gallons 
280,000 440,000 

Planned Maintenance Cost Variance (3800 HP Level) 

Remove 

. Diesel Engine Work 

Add 

• Gas Turbine 

. Aux Power 
- Operates in cold weather 
- GT shut down on yard idle 

. Gear Box 
- Connects GT to Alternator 

Noise & Heat Suppression 

Fuel and Lube System 

. Air Intake Filters 
- ( 3 X Di ese 1 ) 

Water Wash System 
- Water Injection to Clean Turbine 

• Contingency 

($29,190) 

22,270 

680 

640 

260 

200 

1,500 

100 

6,440 

Net Additional Planned Maintenance (3800 HP) 9 2,900 l 
Unplanned Maintenance Variance (3800 HP) = C,.,.,,._O~,···J 

GT Locomotive has same reliability as 
Oil Burning Diesel 

Total Maintenance Cost Variance @ 3800 HP = I$ 2,900 

Maintenance Cost as a Function of Fuel Consumed 

= $.07375/Gal X Gallons of DF2 - S17,750 

II I-6 

($33,320) 

37,440 

630 

640 

260 

200 

2,350 

100 

6,440 

1 14,74o 

r-··•'" 0 

$14,740 



COAL BURNING LOCOMOTIVE STUDY 

Table III-4 

Maintenance Cost Variance from an Oil Burning Diesel Locomotive 
0 for 

CWS Burning Gas Turbine with Steam Injection - 8000 HP 

DF2 Service Equivalent Gallons 
280,000 440,000 

Planned Maintenance Cost Variance (3800 HP Level) 

Remove 

. Diesel Engine Work ($29,190) 

Add 

. Gas Turbine 22,270 

. Aux Power 680 

Alternator Gear Box 640 

Noise & Heat Suppression 260 

Fuel and Lube System 200 

. Air Filter 1,500 

. Water Wash 100 

·Boiler & Feedwater System 10,000 . 

Contingency 8,900 

Net Additional Planned Maintenance (3800 HP)= [ 15,360 1 

UnElanned Maintenance Variance (3800 HP) ~ $15,300 I 
Gas Turbine Reliability 1 X 0-1 D · 1 u 1 d R 1 · b · 1 · t · Oil Diesel Reliability - 1 lese np anne e 1a 1 1 Y 

Gas Turbine Reliability= 4.644 F/LY 
Oil Diesel Reliability= 3.09 F/LY 

($33,320) 

37,440 

630 

640 

260 

200 

2,350 

100 

11,400 

8,900 

28,600 

$15,970 

Total Maintenance Variance @ 3800 HP • $30,660 I $44,s7o 

Maintenance Cost Increase vs Fuel Consumed 
= $.087/Gallon X Gallons Consumed+ $6,290 
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COAL BURNING LOCOMOTIVE STUDY 

Table III-5 

Maintenance Cost Variance from an Oil Burning Diesel Locomotive 
for 

Gas Turbine Locomotive Fed From a Coal Gasifier - 8000 HP 

DF2 Service Equivalent Gallons 
280,000 440,000 

Planned Maintenance Cost Variance (3800 HP Level) 

Remove 

Diesel Engine Work ($29,190) 

Add 
~ 

Gas Turbine 22,270 

. Aux Power 680 

Alternator/.GT Gear Box 640 

Noise & Heat Suppression 260 

Fuel and Lube System· 200 

. Air Filter 1,500 

' Water Wash 100 

. Boiler & Feedwater System 20,000 

Gasifier- & Gas Clean-Up 20,000 

. Contingency 16.,410 

Net Additional Planned Maintenance (3800 HP) =I . $52,870 

Unplanned Maintenance Variance (3800 HP) = I $23,600 

Gas Turbine Reliabilitl 
Oil Diesel Reliability -1 X Oil Diesel Unp 1 an ned Re 1 i ability 

Gas Turbine Reliability= 5.49 F/LY 
Oil Diesel Reliability = 3.09 F/LY 

Total Maintenance Variance @ 3800 HP = 

Maintenance Cost· Increase vs Fuel Consumed 
= $.130/Gallon X Gallons Consumed+ $40,600 

II I-8 

$76,470 

($33,320) 

37,440 

630 

640 

260 

200 

2,350 

100 

22,800 

22,800 

16,410 

[ $70,310 

I $26,950 

$97,260 ] 



COAL BURNING LOCOMOTIVE STUDY 

Table III-6 

Maintenance Cost Variance from an Oil Burning Diesel Locomotive 
for · 

Steam Turbine Powered Locomotive - 8000 HP 

DF2 Service Equivalent Gallons 
280,000 440,000 

Planned Maintenance Cost Variance (3800 HP Level) 

Remove 

Diesel Engine Work ($29,190) 

Add 

. Steam Turbine 2,400 

• Aux Power 680 

Alternator Gear Box 640 

• Lube System 100 

. Boiler & Feedwater System 20,000 

Fluidized Bed Burner & Fuel System 10,000 

Condenser (2X Radiator) 4,550 

. Baghouse (4X Diesel Air Filter) 2,250 

Contingency $10,200 

Net Additional Planned Maintenance (3800 HP) =I $21,630 

Unplanned Maintenance Variance (3800 HP Level )I= $47,420 

Steam Turbine Reliability _1 X o·1 D"es 1 U 1 d R 1· b"l"t Oil Diesel Reliability 1 1 e np anne e 1a 1 1 Y 

Steam Turbine Reliability = 7.91 F/LY 
Oil Diesel Reliability = 3.09 F/LY 

Total Maintenance Variance at 3800 HP = 

Maintenance Cost Increase vs Fuel Consumed 
= $.052/Gallon X Gallons Consumed + $54,530 

III-9 

$69,050 

($33,320) 

2 '710' 

630 

640 

100 

22,830 

11,410 

4,550 

3,530 

10,200 

23,280 

$54,130 

$77,410 



COAL BURNING LOCOMOTIVE STUDY 

III. MAINTENANCE COSTS 

E. Source of Cost Estimates 

a. Planned cost for maintaining a gas turbine used in all coal 
options came from General Electric's Gas Turbine Business Group. 
Help in estimating the maintenance cost of direct auxiliaries to 
the gas turbine also was obtained from GE data. 

b. Pressure vessel maintenance costs help was obtained from vendor 
information. 

c. Aux111ary systems not covered by obtainable estimates were 
formulated from part maintenance costs in our own oil die5el 
locomotive files. 

d. Maintenance Cost for oil burning diesel from Report No. 
DEAC21-MC22181. Copy reproduced in Chapter III.F.S, 
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COAL BURNING LOCOMOTIVE STUDY 

III. MAINTENANCE COSTS (From Sec. III, Report #DEAC21-85MC22181)(l) 

F. Coal Burning Diesel Locomotives 

1. Planned Maintenance, Coal Burning Diesel 

2. Unplanned Maintenance, Coal Burning Diesel 

3. Total Maintenance Cost, Coal Burning Diesel 

4. Calculation of Maintenance Cost versus Fuel Burned 

5. Maintenance Costs of Oil Burning Diesel Locomotive 

(!)Section III 
to fi 11 the 
considered. 
follow this 

has been extracted, repeating only those portions necessary 
needs of this. general analysis on all coal burning options 

The page numbers and subject numbers have been changed to 
report. 
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COAL BURNING LOCOMOTIVE STUDY 

III. MAINTENANCE COSTS 

F. Coal Burning Diesel Locomotive 

1. Planned Maintenance Coal Burning Diesel 

Eastern Road 
Fue 1 Cons. 
280,000 GAL 

a. Standard Oil Diesel I $41 '700/Yr r 
Western Road 

Fuel Cons. 
440,000 GAL 

I $47 ,600/Yr r 
To this standard diesel electric planned maintenance cost, the 
expense associated with the unit exchange (UX) of those 
different parts or material on the coal burning diesel whose wear 
rate is expected to be different or "the basic equivalent parts are 
just more expensive. Predominantly, these increases in planned 
expenses are a~~ociated with the coal slurry fuel de11very system 
to the engine and directly into the cylinders. They are, as a 
function of cyclic maintenance periods: 

Item 

b. 3-Month Maintenance 
Lubrication System 

Eastern 

$ 4,020/Yr 

Western 

$1,020/Yr 
- Eastern Roads will need additional oil changes because of 

high sulfur content in slurry (approximately 2.5% versus 
average .3% for oil). 

- Both need additional filter changeouts. 

c. 6-Month Maintenance 
UX Fuel Injectors $ 1,600/year $1,825/Yr 
- Increase caused by changing injectors every 6 months 

instead of every year on diesel oil engines. 
- Includes inGrease cost of UX parts due to ceramic coating 

for improved wear. 
- Western Roads will pay slightly more on the average 

because of increased fuel consumption. 

d. 1-Year Maintenance 
UX Fuel Delivery System $ 2,530/year $2,890/Yr 
tu Injector 

Normally changed every two years on oil burning 
locomotive. 

• Includes pilot oil delivery 
- Includes new diaphragm pump to change the slurry to the 

cylinder through the injector. 
- Diaphragm pump operated by closed loop cam driven injector 

pump similar to today's. 
- Higher usage will add cost to Western Roads. 

(1)See Sec .. III.F.5. for Standard Diesel Electric Maintenance Costs 
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COAL BURNING LOCOMOTIVE STUDY 

III. MAINTENANCE .COSTS 

F. Coal Burning Diesel Locomotive 

1-. Planned Maintenance - Coal Burning -Diesel Locomotive (continued) 

2. 

Item Eastern Western 

e. 4 Year Maintenance 
UX Cylinder Assembly $ 7,250/Yr 
(includes jacket, valves, pistons & rings) 

$ 8,280/Yr 

- Normal changeout is four years, increase cost is for 
ceramic wear coating on jacket wall, valves and valve 

seats, rings and pistons. 

UX Turbocharger $ 700/Yr $ 800/Yr 
- Normal changeout time; cost increase for ceramic coating 

UX Water Pump $ 100/Yr $ 100/Yr 
- Increase covers 2nd water pump 

f. Contingencx (25%) $ 4,050/Yr $ 3,730/Yr 

g. Total Added Planned Maintenance (b,c,d,e,f) 

I $20' 250/Yr r [ $18,645/Yr j 

h. Total Planned Maintenance for Coal Burning Locomotive (a,g) 

Un~lanned Maintenance 
l $61 ,950/Yr I I $66, 245/Yr I 

By definition, uriplanned maintenance is a direct result of an 
equipment failure outside of pianned maintenance activities. 
Therefore, unplanned maintenance is a result of the relative 
reliability of the equipment that failed. As would be expected, 
railroad maintenance data shows that unplanned maintenance costs 
are dominated by labor costs expanded in troubleshooting the 
problem and changing out single failed parts. The technique 
used for estimating unplanned maintenance is to keep it in. a 
direct ratio of the reliabilitY of the new equipment versus the 
base. 

For a coal burning diesel locomotive, the failure rate 
expectation of an oil burning locomotive and its unplanned 
maintenance cost is ratioed with the reliability expectation for 
coal burning locomotive (see Sec. V for reliability 
determination). · 

Un~lanned Cost for Maintenance Calculation 
Coal Burning Loco 

= Failures{Loc_g Year Unplanned Oil L'oco 
ai ures/Loco Year x Maintenance Costs 
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COAL BURNING LOCOMOTIVE STUDY 

III. MAINTENANCE COSTS 

F. Coal Burning Diesel Locomotive 

2. Unplanned Maintenance 

Unplanned Cost for Maintenance Calculation (continued) 

Item Eastern 

i. Oil Burning Loco Unplanned Cost 

j. Ratio of Reliability 

I $27 ,800/Yr r 

3.38 F/LY 
3.09 F/LY 

k. Coal Burning Diesel Unplanned Costs (i. x j.) 

Western 

I $31, 760/Yr l 

3.38 F/LY 
3. o9 F/LY 

l $30 ,400fYr I I $34, 700/Yr I 
Total Cost for Maintenance 

h. Planned Maintenance for Coal Burning Locomotive (above) 

I $61, 950/Yr I I $66,245/Yrj 

3. TOTAL MAINTENANCE COST (k & h) 

I s 92 t 3W?Y"YJ I $100, 945/Yr I 
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COAL BURNING LOCOMOTIVE STUDY 

III. MAINTENANCE COSTS 

F. Coal Burning Diesel Locomotive 

4. Calculation of Maintenance Costs Versus Fuel Burned 

An analysis has been made to determine the relationship between 
input fuel cost of a locomotive and the maintenance cost. This 
relationship will be used in the economic evaluation of the various 
alternate fuel technologies on various railroad duty cycles. 

The basic maintenance cost information for Western and Eastern 
railroad high duty cycle is derived under Sec. III.F. Briefly, 
these fuel costs for specific high duty applications were determined 
from data obtained from various railroads and data collected by ICC. 

Figure III.F.l depicts average data for all railroads, including 
Eastern/Western avera9e, as a straight line (solid). Another 
straight line (dashed) plot is shown for highly utilized 
locomotives. This is labeled "HEAVY DUTY•• and includes points for 
Average High Eastern, and High Western Railroads. 

Also shown in Figure III.r.I is a dotted-dashed curve showing the 
transition from highly utilized to lowly utilized locomotives 
based on data from fleet se9ments in this mode of operation. 

The resulting curve shows the maintenance costs of locomotives 
to vary with usage in an unexpected manner. 

The harder a locomotive is used (the more fuel burned in the 
process of working), the higher the cost of maintenance, in 
direct proportion, would be the expected results. If the total 
fleet and its individual locomotive duty assignments were 
random, then the intuitive direct proportionality of fuel used 
versus maintenance cost would have technical justification. The 
assignment of duty to locomotives is highly structured and 
random only withfn narrow defined limits. In running the 
railroad, the assignment of locomotives has been structured to 
both max1m1ze train performance (minimize delays from equipment 
failures) and minimize maintenance and fuel costs. 

Heavy duty locomotive applications are assigned to locomotive 
pools whose average age is the lowest in the total fleet and 
whose average horsepower per unit is the highest. · 

This process keeps the number of locomotives (horsepower) per 
train to a minimum while it uses the newest, most efficient. and 
reliable units to gain maximum effect on fuel costs. 

As the locomotive ages, on the average, it is placed in 
locomotive pools that require less duty. As the locomotive 
ages, the cost of maintenance goes up reflecting the major 
overhauls due and failures as the equipment wears out. 
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COAL BURNING LOCOMOTIVE STUDY 

III. MAINTENANCE COSTS 

F. Coal Burning Diesel Locomotive 

4. Calculation of Maintenance Costs Versus Fuel Burned (continued) 

Examining the average maintenance cost of the various locomotive 
pools based on assigned duty, one finds the maintenance cost 
tends to stay constant with but a minor influence on duty and 
fuel usage. As the age and duty progressively reaches the point 
before retirement, the maintenance cost falls off. The usage 
becomes so low that essentially no maintenance need be performed 
or is performed. The intercept with the 0 fuel consumption line 
representing those regulated inspections and tests required for 
a locomotive considered active and usable, yet not used. 

One must be careful in examining maintenance data for individual 
locomotives. Remembering that planned maintenance is very time 
cyclic, even relatively young locomotives have peak planned cost 
when they reach approximately four years old. In any sample, enough 
locomotives must be averaged to smooth out variations caused by 
purchased date. Statistics are best viewed by looking at increments 
of locomotives that represent significant portions of a total pool 

·assigned to particular railroad sections/duty. · 

The curve provides additional information on the typical 
structure of a locomotive fleet as to age, where fuel is 
consumed and unit horsepower. 

For the purposes of the economic analysis for coal burning 
locomotives, only the heavy duty application portion of the 
curve should be used. Any locomotive purchased new and based on 
fuel cost savings will accentuate their application to the 
highest duty applications; those that burn the most fuel. 
Therefore, the maintenance cost of any oil burning locomotive 
entering the fleet and for 10 to 15 years of its life is: 

Maintenance Cost= $52,200 + .062 x fuel consumed in gallons 

The cost of each coal burning technology will start with these 
costs as a base. 
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COAL BURNING LOCOMOTIVE STUDY 

III. MAINTENANCE COSTS 

F. Coal Burning Diesel Locomotive 

5. Maintenance Costs of Oil Burning Diesel Locomotive 

Source 

From latest, December 31, 1982 copy of Transport ·Statistics in 
the U.S. Railroads, Part 1, published by ICC, Bureau of 
Accounts • 

. Data from railroads directly • 

. GE maintained data file on active and stored locomotives for 
each railroad • 

• The yearbook of railroad facts (AAR publication}. 

Derivation 

Line 356 uf ICC Publ1cat1on lists vari~ble co5ts {in period $ x 
1000) for locomotive repair and maintenance by: 

A 11 Districts Eastern Southern Western 

a. $1,184,367 $325,451 $211,612 $647,304 

Line 703 (page 14) lists the total number of locomotives. 

All Districts Eastern Southern Western 

b. 26,675 A,001 4,962 13,712 

This number includes both active and stored locomotives. It 
also includes locomotives in all service classifications, 
including switchers. 

From General Electric file, average percent of locomotive in 
service durinq 1982 is: 

All Districts Eastern Southern Western 

c. 80.2% 77.3% 84.6% 80.3% 

The average maintenance cost in period $ per locomotive is: 
At (8 x C). 

All Districts Eastern Southern Western 

d. $55,400 $ 52,600 $ 50,400 $ 58,800 
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COAL BURNING LOCOMOTIVE STUDY 

III. MAINTENANCE COSTS 

F. Coal Burning Diesel Locomotive 

5. Maintenance Costs of Oil Burning Diesel Locomotive (continued) 

Through 1983 and 1984, there has been 7% (GE data) inflation in 
the kind of split between material and labor represented by the 
dollars shown in Line D. Normally, these average maintenance 
costs should be inflated~ but the railroads have done well in 
cost containment. Examining the railroad•s performance in 
productivity improvements between the ICC statistics of 1981 and 
1982 and the trend line for total equipment maintenance as shown 
in the AAR Railroad Facts indicates the railroads have stayed 
even or beat inflation over the past three or four years. 
Therefore, the average rna i ntenance cost dollars for the act; ve 
fleets shown in Line D are assumed to be the same average in 
1985 dollars. 

Data received from various railways provides a snapshot of how 
the cost for each locomotive compares with the average from 
hardly used locomotives (switchers) up to heavy haul, high 
mileage locomotives. Heavily used locomotives average 35% 
higher yearly maintenance costs than the fleet average. On the 
other hand, lightly used locomotives average 35% lower yearly. 
maintenance costs. Because any alternate fuel locomotives 
primary objective is cost savings, they would naturally find 
their way into ·high usage categories. For purposes of all 
alternate fuel cost studies, a comparative average cost for 
diesel electric locomotives is Line D x 1.35 or: 

All Districts Eastern Southern Western 

e. $74,800 $71,000 $68,000 $79,400 

Because the duty of Eastern and Southern railro~ds are very 
similar and with recent consolidations, these two are combined 
and averaged at: 

Eastern-Southern Western 

$69,500 $79,400 
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COAL BURNING LOCOMOTIVE STUDY 

I V . AVA I LAB I Ll TV 

A. Background 

B. Method 

c. Avai1ability, Results for Various Options 

D. Calculations for Coal Burning Diesel 
Locomotive 

E. Calculations for Coal Burning Gas Turbine 
Locomotive. 

F. Calculations for Gas Turbine Locomotive 
with Steam Injection 

G. Calculations for Gas Turbine Locomotive 
Burning Gasified Coal 

H. Calcuiations for Steam Turbine Locomotive 
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COAL BURNING LOCOMOTIVE STUDY 

IV. AVAILABILITY 

A. Background 

Locomotive availability is a measurement made by railroads as an 
index of both the locomotive builder•s quality/reliability and as a 
means of measuring their own overall maintenance performance. 
Generally, the availability index is derived from number of days the 
locomotive is ready for service during a full year (365 days). 
Credited to the unavailability is the time it takes to move the 
locomotive to the service area and queue time waiting for action (8 
to 12 hours)~ 

Contributing to the time the locomotive is "unavailable" for service 
are two broad categories. The first, "Pla.nned Maintenance" 
activities include inspections (FRA mandated), servicing (excluding 
fueling, addition of various consumables such as lubricants, water, 
etc.), and routine maintenance through major overhauls (prorated to 
an annual basis). The second category is "Unplanned Maintenance ... 

' This includes. anything and everything that has not been planned even 
down to locomotive consumable servicing if it requires attention more 
frequently then planned. Locomotive reliability is the driving 
factor in unplanned maintenance. 

Diesel-electric locomotives presently require ••Planned Maintenance .. 
activities on a 90-day cycle for the most routine activities all the 
way up to 12 years for major overhauls. 

B. Method 

As in the determination of maintenance costs, availability is 
calculated primarily by measuring those differences between today•s 
standard oil burning locomotive and the coal burning technology being 
examined. These •easured differences are then added to or subtr~cted 
from the availability of the oil burning diesel locomotive. In 
reality, unavailability is calculated which in turn allow~ 
availability to be calculated. Unplanned unavailability (locomotive 
failures) is ratioed directly from the c6al burning locomotives• 
reliability versus that for the oil burning diesel and 1ts unplanned 
availability. Reliability for each coal burning technology is 
covered under Sec. V 
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COAL BURNING LOCOMOTIVE STUDY 

IV. AVAILABILITY 

C. Availability Results 

The following sections (D to H) provide the derivation of the 
various coal burning locomotive technologies. The results are given 
below: 

Unavailable Days Availability 
Sec. Locomotive Prime Mover Planned Un~lanned % 

DF2 Diesel 1 15.0 11 92.9 

D. CWS Burning Diesel 15.8 12 92.5 

E. CWS 8urn1ng Gas Tutb1i"le 15.0 11 92.9 

f. CWS Burn1ng Gas Turbine 34 20 85.2 
with Steam Injection 

G. ROM Coal Burning GT 101 23 66.0 
with Gasifier 

H. Steam Turbine with 52 28 78.1 
Fluidi~ed Bed 

1Availability of the standard, DF2 Diesel Electric Locomotive has 
·been obtained from General Electric records on mainline locomotives. 
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COAL BURNING LOCOMOTIVE STUDY 

IV. AVAILABILITY 

D. Calculation of Availability of Coal Burning Diesel Locomotive 

Planned Maintenance Unavailable/Year 

1. Standard Oi 1 Burning 
In addition to standard oil diesel locomotive 
from the Maintenance Cost Study (Sec. III), the 
additional planned activities and their impact 
on"time out of service" follows. Note, only that 
time which extends the maintenance period is 
included in the total. More labor may be planned to 
be done, but done in parallel so it shows up only in 
cost. ·Because all planned maintenance occurs at 
fixed intervals, there is no increase in queue. 

2. 90-Day (3 Month Maint~nance) 
Lubrication System Activities 
2 hours/period - no increased elapsed time 

15 days 

0 days 

3. 6-Month Maintenance .25 days 
UX Fuel Injectors, double the frequency of 
oil burning locomotives - 8 hours/period 
extends yearly time 

4. 1 Year Maintenance 
· UX Fuel Injection Pumps 
·Normally done every twoyears- no extension 

5. 2 Year Maintenance 
UX Cylinder A~~embliai 
50 hours normally done every 4 years 
Extends period by 1 day - average extension 

UX Pistons & Rings 
Accomplished with cylinder assembly UX -no 
extension 

6. 4 Year Maintenance 
UX Turbocharger 
Normal changeover period - no extension 

UX Water Pump 
Normal period for changeout - no extension 

Total Planned Maintenance Time 
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COAL BURNING LOCOMOTIVE STUDY 

IV. AVAILABILITY 

D. Calculation of Availability of Coal Burning Diesel Locomotive 

Unplanned Maintenance 

The unplanned maintenance time is directly proportional to the reli­
ability change between the oil diesel locomotive and the coal. Queue 
time does increase and is taken care of by direct ratioing. 

Standard Diesel Locomotive Unplanned Time 

Reliability Ratio (from Sec. V) 3.38 F/LY 1.094 ~ F/~Y • 

Total Unplanned Maintenance Time 

Total Unavailability of Coal Burning 
Diesel Locomotive 

Availability of a Coal Burning Diesel Locomotive 

365 J6~7.75 = 92.5% 
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COAL BURNING LOCOMOTIVE STUDY 

IV. AVAILABILITY 

E. Gas Turbine Locomotive Availability 

Planned Maintenance (and Inspection) 

1. Gas Turbine and Auxiliaries 
(See Steam Turbine, Sec G). 

2. All other Locomotive Systems 
(Same as Diesel Electric) 

Total Planned Maintenance Time 

Unavailable/Year 

3 days 

12 days 

15 days 

Note: The gas turbine is expected to cause little change in the time 
a locomotive is unavailable. As with today•s diesels, most 
inspections and equipment changeout will be accomplished while 
maintenance on other subsystems is being performed. 

Unplanned Maintenance and Inspection Time 

Equal to standard diesel because reliability is equai. 

Total Days/Locomotive Year Unavailability 

Availability of Gas Turbine Locomotive 

365 Days - 26 Days X 100 = 92 9% 
365 Days · 
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COAL BURNING LOCOMOTIVE STUDY 

IV. AVAILABILITY 

F. Gas Turbine Locomotive With Steam Injection Availability 

Planned Maintenance and Inspection Time 

1. Gas turbine and Auxiliaries 
(See Steam Turbine Sec. G) 

2. Heat Recovery and Steam Injection 
Boiler and Feed Water System 

3. All Other - 1.5 X Standard Diesel 
This is a three-unit locomotive at 
8000 HP, additional inspections and 
_equipment conservat1vely will absorb 
the additional 6 days per year. 

Total Planned Maintenance Time 

3 days 

13 days 

18 days 

34 days 

Note: The boiler estimate for unavailability has been taken as 2/3 
of the estimate used for a steam turbine boiler (Sec. H). 
This steam turbine boiler has approximately 3 times the steam 
capacity of this heat recovery boiler yet most of the time a 
boiler is unavailable is spent in assuring boiler safety via 
inspections. It has been assumed that unavailability 
maintenance fime on a boiler is primarily independent of 
capacity. 

Unplanned Maintenance and Inspection Time 

Direct ratio of projected reliability 
(from Sec. V) of the steam injected gas 
turbine and a standard oil burning diesel 
locomotive times 11 days for the oil diesel. 

Total Unavailability of Gas Turbine 
With Steam Injection 

20 days 

54 days 

Availability of Gas Turbine Lo,omotive With Steam Inject1on 

365 Days - 54 Days X 100 = 85 _ 2~ 
365 Days 
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COAL BURNING LOCOMOTIVE STUDY 

IV. AVAILABILITY 

G. Gasifier Fed Turbine Locomotive Availability 

Planned Maintenance and Inspections Unavailable/Year 

Note: The values for unavailability for both gasifier and the 
auxiliaries were derived from data taken from P.F.H. Rudolph's 
chapter on Lurgi type gasifiers (Chapter 3-7, Pages 3-141 & 
3-142 of the Handbook of Synthetic Fuels). Quoted is 86% 
availability (14% unavailability or 51 days) for the gasifier 
and 92% for all else (8% unavailability). 

1. Gasifier 
2. Fuel, Ash Handling and Gas Processor 

(See Note Below) . , 
3. All other Locomotive Systems 

(Same as a Diesel-Electric 
X 1.5 to account for 3 units) 

4. Turbine and Auxiliaries 
(See.Steam Turbine, Sec .. H.) 

Total Planned Maintenance Time 

Total Unplanned Maintenance Time 

Direct Ratio of Predicted Reliability of'Gasifier 

51 days 
29 days 

18 days 

3 days 

101 days 

23 days 

Fed Turbine Locomotive and Diesel-Electric (Sec. V) 
and the diesel's unplanned maintenance average time of 
unavailability - 11.0 days · 

iotal Days Unavailability for Gasifier Fed Turbine 

(Planned [101 days] + Unplanned [23 days]) 

Availability of Gasifier Fed Turbine 

3£5 - 124 = .66 o~ 365 . .tl 
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COAL BURNING LOCOMOTIVE STUDY 

IV. AVAILABILITY 

H. Steam.Turbine Locomotive Availability 

Planned Maintenance and Inspection Time Unavailable/Year 

1. Steam Turbine and Auxiliaries 
(Estimated from General Electric 
Erie, PA Plant) 
(Power Generation Plant Experience) 

2. Boiler 
Estimated from vendor expressed maintenance 
requirements. Approximately 60% of the time 
required for routine maintenance was excluded. 
daily inspections would be unsatisfactory in 
today's railroading. Every three days or trip 
turnaround might be pn~~ihl~ and was included 
(not at all desirable, railroads want a minimum 
of planned maintenance on 90-day cycles). 

3. Fuel, Ash Handling and Flue Gas Processor 
There is more routine maintenance work to be 
accomplished in cleaning and lubricating the fuel, 
ash, and flue gas systems than with the boiler, 
but none of the safety related inspections. The 
8 days is additional time taken to handle these 
routine things while the locomotive is being 
refueled (assumed to be 1/2 hour per refueling). 

4. All other Locomotive Systems (1.5 X Die~el) 
(Takes care of the 8000 HP, 3 Unit Locomotive) 

Total Planned Maintenance Time 

Unplanned Maintenance Time 

Direct ratio of predicted reliability of the 
steam turbine locomotive and the diesel electric 
(Sec. V) and the-diesel's unplanned average 
maintenance time of 11 days. 

Total Unavailability of Steam Turbin~ Locomotive 

Availability of Steam Turbine Locomotive 

365 days - 80 days 
365 Days 

X 100 = 78.1% 
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V. RELIABILITY 

·A. Approach and Rational~ for Estimates 
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COAL BURNING LOCOMOTIVE STUDY 

V. RELIABILITY 

A. Approach and Rationale for Reliability Estimate 

A considerable amount of statistics have been accumulated for the 
standard oil burning locomotives over the past ye~rs. Enough hard 
data is in-hand to make reliability predictions for new oil burning 
locomotives reasonably accurate. Attached are "Reliability 
Allocation Matrices" established for General Electric's coal-burning 
locomotives. These reliability allocations are the goals 
established for an actual reliability "growth" program involving 
each major locomotive functional modules and types of tec-hnologies. 

For all coal-burning locomotive analysis of reliability, the experi­
ence with oil burning locomotives will be the base. By examining 
the proposed conceptual design for each locomotive, by major 
functional module and the understanding of the technologies required, 
a comparison factor can be generated relating the new locomotive to 
present experience. 

Comparing functional modules between today•s oil burning diesel and 
a new coal burning technology as a means of building up ~ 
reliability model is a realistic and practical approach. All 
considered locomotives have electrical propulsion, therefore, the 
reliability of all the propulsion modules will be directly 
proportional to the number (complexity) employed. If a locomotive 
has twice the rated horsepower, it will have near twice as many 
traction motors (assuming the same application) and power 
transmission devices. It will have one-half the reliability of 
traction motor and accessories (twice the failures/loco year). 

Occasionally, the technology is not directly related to present 
practice. Under these circumstances, the model must break that 
module down to a level that reliability assignments can be made. 
This has been handled in the following model by special subscripts. 
The accumulated data available today does have expected reliability 
for many "parts" employed in the make-up of these new modules. 

On some of the coal burning technologies, the report relies on 
vendor estimates of reliability. The subscripted note will provide 
this information where applicable. 

The first matrix, the coal-burning diesel locomotive is exactly the 
same as an oil burning diesel except for the engine and fuel 
delivery. Therefore, 90% of the reliability prediction is a copy of 
today•s General Electric Dash 8 reliability. program. 
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COAL BURNING LOCOMOTIVE STUDY 

V. RELIABILITY (continued) 

B. Summary of Results 

Locomotive 
Prime Mover Technology 

Standard, General Electric 
Oil Diesel 

cws Burning D1esel 

cws Burning GT 

CWS Burning GT with 
Steam Injection 

ROM Coal GT 
with Gasifier 

Steam Turbine with 
Fluidized Bed Boiler 

HP No. of 
for Traction Powered Axles 

3800 6 

3800 6 

5900 8 

8000 12 

8000 12 

8000 12. 
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Reliability 
in F/LY 

3.090 

3.376 

3.091 

4.641 

5.528 

7.913 



COAL BURNING LOCOMOTIVE STUDY 

V. RELIABILITY (continued) 

C. Target Reliability Predictions - CWS Burning Diesel Locomotive 

Subsystem 

Diesel Engine 
Radiator & Fans 
Ventilation 
(Blower Motor & Control) 
Alternator 
Traction Motors & Ace 
Electric Braking 
Propulsion Co~trol 
Aux Power & Control 
Power Control & Distr. 
Sensors & Instruments 
Cabs, Platforms & Trucks 
Air Brake & Sand 

Air Compressor (.073) 
Mise (.020) 

Fuel Handling & Air 
Compressor Drive 

Tnt.nl 

Notes: 

Standard(!) 
Oil Diesel 

F/LY 

.829 

2.192 

.069 

3.09 

Factor for 
Comparison 

Xl.lS 

Xl 

Coal( 2) 
Burnin] Diesel 

F LY 
.953( 3) 

2.192 

.231( 4) 

3.376 

(l) Estimated reliability for General Electric•s new Dash B 
locomotives. This standard is a 3800 hp, 6-axle locomotive. 

(2) The CWS burning diesfl)is the same configuration as the standard · 
described under note , a 3800 HP single unit, 6-axle locomotive. 
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COAL BURNING LOCOMOTIVE STUDY 

V. RELIABILITY (continued) 

C. Target Reliability Predictions - CWS Burning Diesel Locomotive 

(3) 

(4) 

Fuel Handling on the Diesel Engine - The complexity of the 
combined coal slurry, diesel oil fuel system on the coal burning 
engine is 50% more than that of a standard oil burning enghine. 
The portion of the .829 F/LY associated with fuel delivery is 
.247 as determined by GE field failure data since 1977. The 
added failures are .124 per locomotive year. 

The design of the coal burning diesel is expected to be 
different in the cylinder area and fuel delivery. The 
reliability of the engine has not been _decreased (except as 
shown above because of parts increase) because the engine 
preventative maintP.n~nce plan has been ~djusted to accommodate 
both design and application var1ations. 

Fuel Handling on the Locomotive Adds 

F/LY 

1 Motor & Pump .042 

1 Control .020 

1 Heat Exchanger & Heaters .100 

To C39-0 .0/Y 

Total .231 



COAL BURNING LOCOMOTIVE STUDY 

V. RELIABILITY (continued) 

D. Target Reliability Predictions - CWS Burning Gas Turbine Locomotive 

Subsystem 

~ Engine (Diesel or GT) 

Radiator & Fans 
Aux Power & Control 
Sensors & Instruments 
Air Brakes & Sand 

Including Air Compressor 
Ventilation 

(Blower Motors & Control) 
Alternator 
Traction motors & Ace 
Electric Braking 
Propulsion Control 
Power Control & Distr. 
Cabs, Platforms & Trucks 
Fuel Handling 
Intercar Connections 

Notes: 

Standard (1) 
Oil Diesel 

F/LY 

.829 

.346 

.468 

.267 

1. 055 

.056 

.069 

3.090 

Factor for 
Com~arison 

X1 

Xl. 33 

X1.5 

X2 

Coal( 2) 
Burnin7 Diesel 

F LV 
.300( 3) 

~4oa 

.365 

1.583 

.102 

.231( 4) 

.050( 5) 

3.091 

(1) Estimated reliability for General Electric's new Dash 8 locomotive. 
The standard is a 3800 HP single unit locomotive with 6 axles. 

(2) The gas turbine locomotive burns a coal water slurry (CWS} stored in 
an attached tank car. The unit develops 5900 HP for traction and 
has eight axles in two 'D; trucks each made up from two B, 4-axle 
trucks connected by a 11 s~an bolster 11

• 
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COAL BURNING LOCOMOTIVE STUDY 

V. RELIABILITY (continued) 

D. Target Reliability Predictions - CWS Burning Gas Turbine Locomotive 
(continued) 

(3) Reliability estimate obtained from General Electric's Gas Turbine 
Division. 

(4) Fuel Handling Adds 

1 Motor and Pump 

Plus Control 

Heat Exchanger for Slurry 
Antifreeze 

To Oil Diesel 

Total 

(5) Intercar Connections 

.042 

.020 

.100 

.069 

.231 

Equated to reliability of total .050 
fixed loco wire & cable failure rate 
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COAL BURNING LOCOMOTIVE STUDY 

V. RELIABILITY (continued) 

E. Target Reliability Predictions - CWS GT Locomotive w/Steam Injection 

Subsystem 

Engine (Diesel or Turbine) 
Boiler & Auxiliaries 
Radiator & Fans 
Ventilation 

(Blower Motor & Control 
Alternator 
Traction Motors & Ace 
Electric Braking 
Propulsion Control 
Aux Power & Control 
Power Control & Distribution 

.Sensors & Instruments 
Air Brake, Sand and 
·Air Compressors 
Cabs, Platform & Trucks 
Fuel Handling 
Intercar Connections 

Total 

Notes: 

Standard(!) Factor for GT Loco( 2) 
Oil Diesel Comparison w/Steam Inj. 

F/LY F/LY 

.829 .300( 3) 

.346 

1. 790 

.056 

.069 

3.090 

X2 

X3 

.312(4) 

3.580 

.168 

.231( 5) 

.050( 6) 

4.641 

(1) Estimated reliability for General Electric's new Dash 8 
locomotives. 

(2) 

This standard is a 3800 HP single unit locomotive. 

The GT locomotive with heat recover and steam injection burns CWS 
stored in an attached tank car with powered trucks, 6 axles total. 
The power unit with GT, alternator and heat recovery boiler also has 
6 powered axles. A 4-axle water tender is also in the total 
locomotive make-up. The locomotive produces 8000 HP for traction. 

(J) Reliability estimate obtained from General Electric's Gas Turbine 
Division. 
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COAL BURNING LOCOMOTIVE STUDY 

V. RELIABILITY (continued) 

E. Target Reliability Predictions - CWS GT Locomotive w/Steam Injection 
(continued) 

(4) Boiler & Auxiliaries 

4 Year average between boiler 
failures 

1 Motor, Load 

1 Motor Control 

Total 

(5) Fuel Handling Adds 

F/LY 

.250 

~ 042 

.020 

.312 

1 Motor and Pump .042 

Plus Control .020 

Heat Exchanger for Slurry Antifreeze .100 

To Oil Diesel .069 

Total .231 

(6) Intercar Connections 

Equated to reliability of total .050 
fixed loco wire and cable 
fa i1 ure rate 
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COAL BURNING LOCOMOTIVE STUDY 

V. RELIABILITY (continued) 

F. Target Reliability Predictions - ROM Coal GT Loco with Gasifier 

Subsystem 

Engine (Diesel or Turbine) 
Gasifier, Boiler & Auxiliaries 
Radiator & Fans 
Ventilation 

(Blower Motor & Control) 
Electric Generator 
Traction Motors & Ace 
Electric Braking 
Propulsion Control 
Aux Power & Control 
Power Control & Distr. 
Sensors & Instruments 
Cabs, Platforms & Truck 
Air Brake & Sand plus 
Air Compressor 

Fuel Handling & Air 
Compressor Drive 
~ntercar Connectioris 

Total 

Notes: 

Standard(!) 
Oil Diesel 

F/LY 

.829 

.346 

1.585 

.168 

.093 

~069 

---
3.09 

Factor for 
Comparison 

X2 

X3 

X4 

Gasifier(~'d 
GT Loco 

F/LY 

.300( 3) 

.810( 4) 

3.17 

.504 

.372 

.322( 5) 

.050( 6) 

5.528 

(l) Estimated reliability for General Electric's new Dash 8 locomotive. 

(2) 

The standard is a 3800 HP single unit locomotive with 6 axles. 

The gasifier fed gas turbine locomotive has 3 units.· One unit ha~ 
the gasifier and gas clean-up equipments along with 6 powered axles. 
The power car has the turbine, alternator and controls, the heat 
recovery boiler (for steam used in gasifier) plus 6 powered axles 
(12 total power axles). The third unit contains fuel, water and 
miscellaneous equipments and does not have powered trucks. The 
locomotive produces 8000 hp for traction. · 
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COAL BURNING LOCOMOTIVE STUDY 

V. RELIABILITY (continued) 

F. Target Reliability Predictions- ROM Coal GT Loco.with Gasifier 

Notes: (continued) 
(3) Reliability estimate obtained from General Electric's Gas Turbine 

Division. 
(4) Gasifier, Boiler & Auxiliaries F/LY 

2 year average between minor or .5 

5 Motors & Loads .210 

Control for Motors .100 

Total .810 

( 5) Fuel llandl ing & Air Supply 

5 Motors & Loads .210 

5 Motor Controls .100 

2 Solenoid Operated Valves .012 

Total .322 

( 6) Intercar Connections 

Equated to reliability of total 
fixed 1oco wire and cable 

.050 
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COAL BURNING LOCOMOTIVE STUDY 

V. RELIABILITY (continued) 

G. Target Reliability Prediction - Steam Turbine Locomotive 

Subsystem 

Engine (Diesel or Turbine) 
Boiler & Auxiliaries 
Electric Generator 
Traction Motors & Ace 
Electric Braking 
Propulsion Control 
Power Control & Distribution 
Ventilation 

(Blower Motors & Control) 
Auxiliary Power and Control 
Sensors & Instruments 
Cabs, Platforms & Trucks 
Air Brakes and Sand 

(Air Compressor) 
Radiator or Condenser 
Flue Gas Clean-Up 
and Ash Systems 

Fuel Handling 
Intercar Connections 

Total 

Notes: 

Standar~ 1 ~actor for Steam Turbine · r2) 
Oil Diesel Comparison Locomotive 

F/LY F/LY 

• 829 • 1 ( 3) 
.686( 4) 

1.055 X2 

.791 X3 

.346 X4 

.069 

3.090 

2.110 

2.373 

1.384 
.• 330( 5 ) 

.880( 6) 
• 050(7) 

7.913 

(l) Estimated reliability for General Electric's new Dash 8 locomotives. 
(2) The steam turbine locomotive is made up of 3 units: A coal, lime 

and water tender; a power unit with boiler, turbine and fluidfzed 
bed equipment; and a condenser car with flue gas clean-up. The 
power car and condenser/flue gas clean-up car each have 6 power 
axles 
( 12 total). The locomotive produces 8000 HP for traction. 

(3) Steam turbines are very reliable systems. GE experience has shown 
that with proper planned maintenance, a minor failure every 10 years 
can be expected. 
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COAL BURNING LOCOMOTIVE STUDY 

V. RELIABILITY (continued) 

G. Target Reliability Prediction - Steam Turbine Locomotive 

Notes: 

(4) Boiler & Auxiliaries F/LY 

Two-year average between minor .5 
or major boiler failures 
(GE Erie Power House experience) 

Three blowers and motor .126 

Contra 1 for b 1 owers . 060 
(GE Locomotive reliability data) 

Tutal .686 

(S) Flue Gas Clean-Up & Ash Handling Systems 

3 years average between minor or .330 
major system failures is expected. 
These systems need service every time 
the locomotive is refueled. Improper 
servicing will cause an automatic 
shutdown (not an equipment failure 
but it counts in reliability 
measurements) to prevent passing these 
waste materials dit~ctly to the 
environment. 

(6) Fuel Handling 

14 Motors & Loads 

14 Motor Controls 

2 Solenoid Operated Valves 

Total 

(]) Intercar Connections 

.588 

.280 

.012 

.• 880 

Equated to reliability of total .050 
fixed loco wire and cable 
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. COAL BURNING LOCOMOTIVE STUDY 

VI. COAL PROCESSING PLANT CAPITAL COSTS 

A. Forward 

This analysis of the economics of running a railroad on coal assumes 
the railroad buys coal directly from a mine; transports it either to 
raw coal fuel stations for those technologies that burn Run of the 
Mine (ROM) coal or to a coal processing plant where it is turned 
into a slurry. In treating the coal fuel in this manner, the 
railroads must make additional capital expenditures above those for 
locomotives. This economic analysis therefore provides detailed 
estimates of the capital investment re~uired in a manner that. it can 
be customized for eath railroad, depending on locomotive fleet size 
and locomotive utilization (fuel usage). 

Sect. VI. B. repeats the coal processing plant capital cost deriva­
tion generated for the coal burning diesel report. The capital 
costs results for these processing plans (and included fueling 
stations) is used for all coal water slurry burning options for a 
railroad fleet. 

Sect. VI. H. derives the capital costs necessary for fueling stations 
for those coal burning options using raw, ROM coal. 
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COAL BURNING LOCOMOTIVE STUDY 

VI. COAL PROCESSING PLANT CAPITAL COSTS 

B. Capital Cost Estimate for a 135 Ton/Hour Plant 

1. Raw Coal Unloading & Storage 

Storage 

Plant has three weeks (15 days) of coal in storage for process­
ing. For 135 tons per hour (20-hour days), 6temporary on-site 
storage needs to be 45,000 tons or 1.8 x 10 cubic ft. This 
temporary storage is accomplished with six identical silos, 54 
feet in diameter and 150 feet high, single point draw, jump 
form construction. These are budgetary estimates obtained from 
a silo manufacturer and installer. 

A. Cost/Si 1 o 

For 6 Silos 

Unloading 

·Installed 

$ 675,000 

$4,050,000 

Plant is equipped to accept a full unit train every two days 
(6,000 tons). The unit train is stored on a siding and emptied 
in one 8-hour shift. The coal is dropped from the cars into a 
pit and conveyed up to the top of the above silos at 15° 
incline. 

B. Railroad siding ingtalled; ap~rux1mate1y 8500 feet of track 
and 7 turnouts. Installed cost, $833,200. 

C. Feeder, $40,000; installation cost, $100,000; total costt 
$140,000. 

·o. Unloading conveyor, 1100 feet of 36-inch wide covered. 
Unit cost, $345,000; installation, $221,000; total cost, 
$666.000. 

Total Coal Unloading & Storage 

Unit 
Tnsta 11 ati on 

Total 
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$5,281,900 
$ 321,000 . 

$5,589,200 



COAL BURNING LOCOMOTIVE STUDY 

VI. COAL PROCESSING PLANT CAPITAL COSTS 

B. Capital Cost Estimate for a 135 Ton/Hour Plant (continued) . 

2. Raw Coal Crushing & Pulverizing Costs 

The stored coal in the silos is removed from the bottom of the 
silo, transported vi.a conveyor to the hammer mills, mixed with 
water, pumped to the stirred ball mills and into a surge tank; 
all at the rate of 135 tons of coal per hour. 

A. Inbut Conveyor Cost - 1100 feet of 24" wide covered conveyor 
to ottom of hammer mill. Cost, $300,300 plus installation 
cost, $192,000; total cost, $492,300. 

B. Hammer Mill Cost - 135 tons per hour (two mills @ 75 tons 
each). Cost, $109,600 plus installation cost, $76,700; total 
cost, $186,300. 

C. Input Conveyor to Hanmer Mi 11 Cost - 600 feet of 24" wide 
conveyor to top of hammer mill; cost, $202,500 plus 
installation cost, $140,000; total cost, $342,500. 

D. Ball Mill Feeder - $30,000 each installed; total cost for 
SiX , $180, 000. 

E. Ball Mill Cost -Six mills are costed at 25 tons/hour each 
and with 3000 HP drive motors. This item•s unit cost has not 
been derived from the updated Guthrie Listings because the 
technology involved is in the formative stages, very new. 
Budgetary estimates were sought from mill vendors and 
motor-gear manufacturers resulting in an estimate of 1.5 
million per machine. The installation costs included are 
those suggested by the Guthrie report. For 6 mills, 
$9,000,000 plus installation, $470,500. 

F. Conveyor, Hammer Mill to Ball Mill - 600 feet of 24" wide 
covered conveyor to top of ball mill. Cost, $202,500 plus 
installation, $140,000; total cost, $342,500. 

G. Heat Exchan~er, Ball Mill Output Cooling- Heat exchanger 
couples bal mill output heat energy into the chill water 
system and cooling tower covered under Section IV. Unit 
cost, $126,800 plus installation, $19,000; total cost, 
$145,800. 

Total Raw Coal Crushing & Pulverizing Costs 

Unit Cost 
Installation 

Total 
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$10,121,700 
$ 1,038,200 

$11,159,900 



COAL BURNING LOCOMOTIVE STUDY 

VI. COAL PROCESSING PLANT CAPITAL COSTS 

B. Capital Cost Estimate for a 135 Ton/Hour Plant (continued) 

3. Powdered Coal Clean-up & Waste Solid Removal 

The coal coming from the ball mill is mixed with additional water 
and pumped to the agglomeration process after cooling to 80°F. 
The coal-water mixture is blended with the agglomerate in a high 
shear mixer, then it flows into the separator room. The coal, 
water and agglomerate mixture resides in the separator room for 
approximately 1/2 hour. As the mixture slowly flows from the 
input end towards the output end, the pulverized coal and 
agglomerate coagulates and rises to the top where it is skimmed 
off with the output conveyor. The coal and agglomerate is then 
conveyed to the evaporator wh~re t~e agglomerate is removed 
(Section IV, Agglomerate Recycle). The residue.of water and 
non-organic solids is drained off through a clarifier, removing 
the water from the solids for reuse. The solids, in sludge form, 
is conveyed directly to a tailings pond. 

The ~cal-water mixture coming into the process·is approximately 
15% coal, 85% water. This amounts to 1000 tons of liquid per 
hour at the 150-ton per hour coal rate. The pump must handle 
1000 tons per hour or 4200 gallons per minute at 20 PSI. 

A. Pump- 4200 GPM at 20 PSI; monel metal. Unit cost, $32,480; 
installation cost, $45,800; total cost, $78,280. 

B. Surge Tank - Sized to hold 10 minutes of flow or 42,000 
gallons and special internal coating. Unit cost, $40,400; 
installation cost, $34,400; total cost, $74,800. 

C. High Shear M1xer; 375 HP dr1ve. Un1t cost, $19,00U; 
1nstallat1on cost, $11,800; total cost, $30,800. 

D. Separator - Four enclosed tanks with built in conveyors. The 
coal, water and agglomerate occupy 1/3 of the volume of each. 
ThP. mixture is now 85% water, 10% coal, and 5% agglomerate. 
Each tank is 64 1 X 64 1 X a· high. 

Tanks - 33,000 ~u. ft. each or 240,000 gallons with special 
coating for rust. 
- Unit co!t, $12G,300 plus tnstall~Lio~, $107,400; Lutdl 

cost, $233.700. 

Each tank has 128 feet of 1811 covered conveyor. 
- Unit cost, $61,800 plus installation, $42,700; total cost, 

$104,500. 

Total for four tanks, $752,400 plus installation, $600,400; 
total cost, $1,352,800. 



COAL BURNING LOCOMOTIVE STUDY 

VI. COAL PROCESSING PLANT CAPITAL COSTS 

B. Capital Cost Estimate for a 135 Ton/Hour Plant 

3. Powdered Coal Clean~up & Waste Solid Removal (continued) 

E. Clarifiers - The effluent to be separated amounts to 7000 
gallons per minute. Two 64 ft. diameter clarifiers reduce the 
water content to 40%. Unit cost, $100,000 each; installation 
cost, $50,000 each. Total for two, $200,000; instaJlation 
cost, $100,000; total cost, $300,000. 

F. Solid Waste Sludge Pumping System - Pumps must handle 15 
tons/hour of which 40% is water. Effluent discharges into a 
hopper which delivers fluid to the pump. The pump then 
delivers waste to a large 60 acre tailings pond. 
Pump Unit Cost= $5410; total pump cost, $27,050; total 
installation cost, $30,080 
Conduit unit cost, $10/ft. x 3500 ft. = $35,000. 

Total Pump Cost = $27,050 
Conduit Cost = $35,000 
Installation Cost= $30,080 

$92,130 

G. Tailings Pond - Effluent will be discharged into a tailing 
pond to be used as a 11 Clean 11 landfill. Landfill will be 
approximately 61 acres, and to be 20 feet deep by 1650 feet x 
1280 feet, or approximately 13 x 106 ft.3. Costs for 
clearing, grading, leveling and excavation are: 

Grading, Clearing 
Excavations 

Field Cost 
$ 735,600 
$ .734,100. 
$1,469,680 

Total Powdered Coal Clean-up 

Unit Costs 
Installation 
Total 
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Labor 
$ 29,420 
$ 91,760 
$121,180 

$2,576,040 
$ 943,650 
$3,519,690 

Total 
$ 765,020 
$ 825,830 

$1,590,860 



COAL BURNING LOCOMOTIVE STUDY 

VI. COAL PROCESSING PLANT CAPITAL COSTS 

B. Capital Cost Estimate for a 135 Ton/Hour Plant 

4. Agglomerate Recovery & Storage 

The cleaned coal comes out of the separator with both water and 
agglomerate intermixed. The output conveyor delivers the coal 
mixture to an evaporator where it is heated, driving the 
agglomerate out of the mixture. The agglomerate vapors are • 
conducted to a condenser (regeneration subsystem) where it is 
cooled and compressed back to liquid. Recovered heat from the 
cooling and compressing is employed to heat the evaporator. The 
product coal is conveyed to the next stage; water mixing and storage. 

A. Evaporator and Regenerator or Condenser are casted by 
applying an industrial refrigeration system with its 
evaporator (agglomerate condenser} operating at 20°f and its 
condenser heating the agglomerate coal mixture. This is 
using the refrigeration system as a heat pump, One ton of 
refrigeration can process 12,000 BTU/hour. Refrigeration 
capacity need is 2000 tons for the agglomerate recovery. The 
following cost includes sufficient capacity to assist in 
managing the temperature of the separator tanks. Cost, 
$2,179,000 plus installation, $675,000; total cost, $2,854,000. 

The approach of using a refrigeration system is approximately 
the same cost as that for heat exchangers and a vapor pump. 
A fan in the system assure that the agglomerate evaporation 
occurs below atmospheric pressure and condensing occurs at a 
positive pressure. This assures the flow of agglomerate 
vapor to the condenser. 

B. Cooling Tower - The industrial refrigeration system dumps its 
losses into chilled water from the cooling tower. The single 
tower is sized to also handle the heat input to the slurry 
coming out of the ball mills (6 x 3000 HP). Tower handles 
7000 gallons of water/minute providing a 15° temperature 
change. Unit cost, $419,000; installation, $67,000; total 
cost, $486,000. 

C. Agglomerate Storage Tank - The tank is sized to hold one hour 
of process time of the agglomerate fluid (total system has 
1.5 hours, 1/2 hour in the separator tanks). The agglomerate 
density is approximately 1/2 that of coal and is mixed in 
equal weight proportion to coal. Tank must hold 12,000 cu. 
ft. or 90,000 gallons and have rustproof coating; cost, 
$70,300 plus installation cost, $59,700; total cost, 
$130,000. 
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COAL BURNING LOCOMOTIVE STUDY 

VI. COAL PROCESSING PLANT CAPITAL COSTS 

B. Capital Cost Estimate for a 135 Ton/Hour Plant 

· 4. Agglomerate Recovery & Storage (continued) 

5. 

D. Product coal conveyor from evaporator to slurry mixer. Two 
required, 64 ft. each. Unit cost, $18,000; installation 
cost, $12,400. For two conveyors, $36,000 plus installation 
cost, $24,800; total cost, $60,800. 

Total Agglomerate Recoverl & Storage 

Unit Costs $2,704,300 
Installation $ ·826,500 
Total $3,530,800 

Product Coal Slurry Mixing, 
Locomotives 

Storing and Delivery to User 

The product coal comes from the evaporator with little contained 
water. Conveyors deliver the coal to mixing tanks were the 
proper quantity of water is added (50% coal to 50% water) along 
with any chemicals necessary to condition the slurry. From the 
mixing tanks, the slurry is pumped to rubberized-lined storage 
tanks. Sufficient capacity is retained in the storage tanks for 
10 days of plant output; 18 x 106 gallons. The storage is split 
between four equal size tanks. Railroad sidings are included to 
allow trains to pull in for refueling. 

A. Mixing Tank - Same as high shear mixer. For two units, 
$38,000 plus installation cost, $23,600; total cost, $61,600. 

B. Pump- 1250 gallons per minute at 50 PSI made with monel. 
Unit cost, $36,100 plus installation, $51,000; total cost 
$87,100. 

C. Rust protected steel storage tanks with sufficient capacity 
to store 10 .days (2 weeks) of output. Each tank has 4.4 x 
106 gallons capacity (123 ft. dia. and 50 ft. high). Cost 
for each, $744,050 plus $632,450 installation. Total cost 
for four, $2,976,200 and $2,529,800 for installation. 

D. Rail Siding - 3000 feet and 5 turnouts. Total cost, $330,000. 

E. Two Locomotive Fueling Facilities - casted as shipping 
facilities. Total cost, $27,300. 

Total Product Coal Slurry Mixing to Delivery Costs 

Unit Costs 
Installation 
Total 
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COAL BURNING LOCOMOTIVE STUDY 

VI. COAL PROCESSING PLANT CAPITAL COSTS 

B. Capital Cost Estimate for a 135 Ton/Hour Plant 

6. 

• 

Buildings, Power, Heat and Land Preparation 

A. Process Building - The total facility includes a process 
building housing the ball mills through to the coal-water 
slurry output pump. This building encloses 120,000 square 
feet, under a steel truss roof with a concrete floor. The 
building also includes the heating, ventilation, plumbing 
(general) and lighting at a cost of $20.45 per square foot. 
Total, $2,454,700. 

B. Office and Quality Laboratory- 6400. square feet; air 
conditioned with furniture and lab equipment. Cost at $53.75 
per square foot. Total, $344,000. 

C. Roadways and Parking Lots - There are approximately 5800 feet 
of 16 foot wide, 6-inch concrete roadways with a 6-inch 
subbase. The parking lot has 4000 square feet of 4-inch 
concrete with 6-inch subbase. Total cost, $231,300. 

D. Process Power 

1. Coal Grinding 
2 Hammer Mills 175HP ea.+ 140' 
of conveyors 
6 Ball Mills 90KW per ton 

2. Clarifiers & Pumps for solid waste. 

3. All Process Pumps (total 435 HP) 

4. Conveyors, Mixers, Fans, Cooling 
Tower & Misc. 

5. Aggl'omerate Recovery Process 
37.3 x 106 BTU/hour are being 
transferred between evaporation 
and condensing 

Total Load 

At .93 P.F. 

Substation Costs 
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KW 

483 

13,500 . 

250 

360 

585 

4,330 

19,508KW 

20,980KVA 

$619,230 



COAL BURNING LOCOMOTIVE STUDY 

VI. COAL PROCESSING PLANT CAPITAL COSTS 

B. Capital Cost Estimate for a 135 Ton/Hour Plant 

6 .. Buildings, Power, Heat and Land Preparation (continued) 

E. Fencing - Approximately 9000 feet of chain link fencing with 
8 corner posts and 9 gates. Total cost, $144,600. 

F. Land Preparation - The lot is 1280 feet by 1600 feet, 
totalling 290,000 square yards •. The land is assumed to need 
only clearing and grading on 1/4 of the total area (with 
exception of the tailings pond). Total cost, $162,100. 

G. Process water deionizer and demineralizer, 1600· 
gallons/minute. Cost, $689,000. 

Buildings through Land Preparation 

Total Cost, ·$4,644,900 
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COAL BURNING LOCOMOTIVE STUDY 

VI. COAL PROCESSING PLANT CAPITAL COSTS 

B. Capital Cost Estimate for a 135 Ton/Hour Plant 

7. External Fueling Stations 

The total storage capacity of the required external fueling 
stations will be in exact proportion to the number of locomotives 
served and the average fuel each locomotive consumes. In short, 
the storage capacity varies directly with the size of the 
processing plant. 

The ability for this total external storage facility to service 
locomotives is in direct ratio to the amount of fuel needed to be 
pumped, or in the same dimensions the original plant was chosen; 
number of locomotives served and the consumption per locomotive. 

The total facility can be broken down into smaller facilities. 
The design employs fuel storage tanks, each of which can hold 
2,500,000 gallons, about equal to a full fuel train of tankers 
(100 cars, 25,000 gallons each). There are four of these tanks 
in the total facility with pumps and docks for fueling two trains 
to each tank (8 fueling points). 

The total external fueling tanks will hold approximately 7 days 
of fuel for the fleet. Combined with the storage capability at 
the plant, 10 days; total storage is 17 days (3 days more than 2 
weeks). Therefore, if the utilization of all storage was equal, 
each external tank would need servicing average of once per week. 

The extern~l storage tanks can be broken up into as many as four 
individual facilities. 

Rubberlined Tank - Cost, each $471,900 plus $401,115 installation 
cost. 
Pumps - Cost, each $36,100 plus $51,000 installation cost. 
Fueling Facility- Cost. each $27.300 total. 
For each tank - unit cost, $535,300 plus $452.115 installation 
cost. 

Total External Fuelino Costs 

Unit Cost 
In~tallation 

Total 
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$2,141,200 
$1,808,460 
$3,949,660 



COAL BURNING LOCOMOTIVE STUDY . 

VI. COAL PROCESSING PLANT CAPITAL COSTS 

C. Capital Cost Estimate for a 450 Ton/Hour Plant 

(As derived from the design of a 135 Ton/Hour Plant) 

1. Raw Coal Unloading & Storage 
450 Ton/ 

Hour Cost 

A. Increase Conveyor from 36 to 42-inch with $ 638,500 
two shifts unloadin~, conveyor operates at 
approximately 500 ft/min. Same length, 1160 ft. 

B. Storage Silos - Because this new system will 
use close to 7 coal cars per hour, the number 
of cars will be 140 per day. The facility 
will depend on having a portion of input coal 
storage in coal cars nearby the plant. 
Increase storage silos by six. 
(12 Silos) $ 8,100,000 

C. Railroad Siding - in line with the silo $ 1,773,700 
capacity, double. 

D. Feeder (957 Tons/hour) installed $ · 238,000 

(135 Ton/Hour Plant - $5,589,200) $10,750,200 

2. ·Raw Coal Crushing & Pulverizing Costs 

A. Input convey from 24" to 36" wide covered 

B. Hammer Mills from 2@ 75 Tons/hour to 
4 ~ 125 Tu11:,/huur 

C. Input conveyor from 24" to 36 11 

D. Ball Mills -keep same size mills, quantity 
from 6 mills to 20 · 

E. Conveyor from hammer mill to ball mills 
Increase length by 20% to handle additional 
mills and change from 24" wide to 36". 

F. 

G. 

Ba 1 1 Mi 11 Feeder - keep same size, one for 
each mill 

Ba 11 Mi 11 Output Cooler - 4 heat exchangers 
work with cooling tower under agglomerate 
system 

(135 Ton/Hour Plant - $11,159,900) 
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$ 566,000 

$ 675,300 

$ 381,400 

$31,568,300 

$ 429,300 

$ 600,000 

$ 583,200 

$34,703,900 



COAL BURNING LOCOMOTIVE STUDY 

VI. COAL PROCESSING PLANT CAPITAL COSTS 

C. Capital Cost Estimate for a 450 Ton/Hour Plant 

(As derived from the design of a 135 Ton/Hour Plant) 

3. Powdered Coal Clean-up & Waste Solid Removal 

A. Pump - 2 @ 7000 gallons/minute; monel 

B. Surge Tank - Sized to hold 10 minutes of 
flow or 140,000 gallons in two tanks, one 
for each pump. 

C. Two 625 HP hi9h shear mixers (in proportion 
to fluid flow) 

450 Ton/ 
Hour Cost 

$ 164,100 

$ 231,600 

$ 79,200 

D. Separator - 6 enclosed tanks. 1.6 timP.~ the $ 2,587,800 
volume of the 150-ton plant. Each tank has 
special rust proof coating and conveyors; 
24 11 wide, not 1811

• 

E. Clarifiers - Approx. 6 clarifiers with motors $ 1,000,000 

F. Sludge Pump, Piping System 

G. Tailing Pond, cleaning, grading, excavating 
200 acres 

$ 307,100 

$ 5,298,200 

Total Product Clean-up (135 Ton/Hour $3,519,690) $ 9,666,000 

4. Agglomerate Recovery & Storage 

A. Evaporator & Regenerator needs 3.33 times 
the capacity of 135 ton/hour plant. 

$ 8,134,000 

B. Agglomerate Storage Tank - sized to hold . .$ 198,800 
40 minutes of plant capacity (200,000 gallons) 

C. Product coal conveyor from evaporator to 
slurry mixer, 3 required. 

D. Cooling Tower • Two 19000 GPM un1ts 

Total (135 Ton/Hour $3,530,800) 
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$ 9l,200 

. $ 1,296,000 

$ 9,720,000 



COAL BURNING LOCOMOTIVE STUDY 

VI. COAL PROCESSING PLANT CAPITAL COSTS 

C. Capital Cost Estimate for a 450 Ton/Hour Plant 

(As derived from the design of a 135 ·ron/Hour Plant) 

5. Product Coal Slurry Mixing, Storing & Delivery 

A. Mixing Tank - High Shear Mixer - Mixing tank · 
included in 135 Ton plant has near five times 
the capacity required. 

B. Pump must handle 4200 gallons per minute at 
75 PSI; split into two pumps. 

C. Rust Protected Steel Storage Tanks -
(142 ft. dia. x 50 ft. high} 
Sufficient for 5 days of production, 
135 Ton plant has 10 days). 

Five tanks 

(the 

D. Rail Siding - Three times more than 135 Ton 
plant. This allows trains on all sides of 
the tank form~ 

E. Locomotive Fueling Facilities - Three times 
that for 135 Ton plant. 

Total (135 Ton/Hour $6,012,000} 
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450 Ton/ 
Hour Cost 

$ 61,600 

$ 248,100 

$8,030,000 

$ 990,000 

$. 90,000 

$9,419,700 



COAL BURNING LOCOMOTIVE STUDY 

VI. COAL PROCESSING PLANT CAPITAL COSTS 

C. Capital Cost Estimate for a 450 Ton/Hour Plant 

(As derived from the design of a 135 Ton/Hour Plant) 

6. Buildings, Utilities, Roadways, etc. 

A. Process Building - Assume that the process 
machinery for a 135 Ton plant occupies 50% 
of the total area. The 450 Ton plant 
utilizes approximately 2.5 times the 
machinery area and 2 times the dead space. 
Plant square feet for 450 Ton plant is then 
2.25 times the 135 Ton. 

B. Office and Quality Lab - No change between 
135 Ton and 4~U Ton plant. 

c. Roadways and Parking Lots - Roadways are 
r~lated to the square root of process 
building square footage size increase or 
1. 5 times. 

D. Power requirements directly related to 
capacity; 70,000KVA Station. 

E. Fencing varies by the square root of 
equipment plant size increase between 
135 Ton and 450 Tons per hour or 1.5. 

F. Land Preparation varies directly with the 
process building size increase - 2.25. 

G. Process water conditioner (4 units). 

Total (135 Ton/Hour $4,644,900) 

7. External Fueling Stations 

A. Storage tanks and pumps, 3.333 x 135 Ton 
plant 

Total (135 Ton/Hour $3,949,660) 
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450 Ton/ 
Hour Cost 

$ 5,523,100 

$ 344,000 

$ 347,000 

$ 2,066,400 

$ 216,900 

$ 364,700 

$ 2,756,000 

$11,618,100 

$13,164,200 

$13,164,200 



COAL BURNING LOCOMOTIVE STUDY 

VI. COAL PROCESSING PLANT CAPITAL COST~ 

D. Capital Cost Summary 

1. 135 Ton/Hour and 450 Ton/Hour Plants 

a. Raw Coal Unloading & Storage 

b. Coal Pulverizing 

c. Coal Clean-up & Solid Waste Removal 

d. Agglomerate Recovery & Storage 

e. Product Coal Slurry Mixing & Storing 

f. Buildings, etc. 

g. External Fueling Stations 

Direct Costs 

h. Indirect Costs 
(25%) 1 + Contingency (15%) 

i. In-process Material Inventory 

- Coal - 78,000 tons x $33/ton 
- Agglomerate 

52,500 gallons x $1.5/gal. 
- Additives - @ $6.00/ton 

.Total Wet Start-up 

Grand Total 

Size Exponential Factor = 0.80 

· Plant Size 

Cost in 1,000's 

135T/Hour 450T/Hour 

$ 5,589 $ 10,750 

$11,160 $ 34,704 

$ 3,520 $ 9,668 

$ 3·, 531 $ 9, 720 

$ 6,012 $ . 9,420 

$ 4,645 $ 11,618 

$ 3,950 $ 13,165 

$38,407 . $ 99,045 

$15,363 $ 39,618 

$ 1 ,.311 $ 4,370 
$ 79 $ 266 

$ 136 $ 449 

$ 1,526 $ 5,085 

$55,296 $143,748 

1 Indirect Costs include Sales Tax, Plant and Process Design, 
Superv1s1on, etc. 
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COAL BURNING LOCOMOTIVE STUDY 

VI. COAL PROCESSING PLANT CAPITAL COSTS 

D. Capital Cost Summary (continued) 

2. Plants designed to be expanded to twice the initial capacity as 
the need increases. 

a. Raw Coal Unloading & Storage 
reduce storage silos in 1/2 
(add to get back to full capacity) 

b. Coal Pulverizing 
reduce hammer mills and ball mills 
by 1/2 
(add. to get back to full capacity) 

c. Coal Cleaning & Waste Removal 
reduce separators by 1/2 and all else 
divisible by 2 
(add to get back to full capacity) 

d. Agglomerate Recovery & Storage 
reduce evaporator & regenerator by 1/2 
(add to get back to full capacity) 

e. Product Coal Slurry Mixing & Storing 
reduce storage capacity by 1/2 
(add to get back to full capacity) 

f. Buildings, etc. 
(to get back to full capacity, add 
water cond1t1oners) 

g. External Fueling Stations 

Totals 

A. For 1/2 plant capacity 
B. For full capacity 

A. Total direct costs for 1/2 plant 
capacity 

B. For full capacity 
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Cost in 1,000's 

68T/Hour 
Expandable 
135T/Hour 

$ 3,564 
($ 2,025) 

$ 6.242 
($ 4,918) 

$ 2,694 
($ 826) 

$ 2,074 
($ 1,457) 

$ 3,215 
($ 2,797) 

$ 4,645 

$ 1 '975. 

$ 3,950 

$24,409 
$38,407 

225T/Hour 
Expandable 
450T/Hour 

$ 6,700 
($ 4,050) 

$ 18,690 
($ 16,014) 

$ 7,637 
($ 2,031) 

~ ~.nn~ 
($ 4.715} 

$ 5,281 
($ 4,139) 

$ 10,240 

($ 1,378) 

$ 6,G83 
$ 13,165 

$ 60,136 
$ 99,045 



COAL BURNING LOCOMOTIVE STUDY. 

VI. COAL PROCESSING PLANT CAPITAL COSTS 

0. Capital Cost Summary 

2. Plants designed to be expanded to twice the·initial capacity as 
the need increases. 

Cost in 1,ooo•s 

h. Indirect (25%) + Contingency (15%) 

68T/Hour 
Expandable 
135T/Hout 

A. 1/2 plant capacity $ 9,764 
B. Indirect.+ contingency for return 

to full capacity $15,363 

i. Inprocess Material Inventory 
A. 1/2 capacity 
B. Full capacity 

. Tota 1 

A. 1/2 Capacity 

B. Full Capacity 

$ 764 
$ 1,526 . 

$34,937 

$55,296 

Size Exponential Factor = .80 

Full capacity plant capital cost 1093 (Tons/hr)· 8 

225T/Hour 
Expandable 
450T/Hour 

$ 24,054 

$ 39,618 

$ . 2. 543 
$ 5,085 

$ 86,733 

$143,748 

or= 141.1 (BTU required/year/10 10 )· 8 

1st half size of expandable plant= 61.4% of full capacity cost 

2nd invest to full capacity • 38.6% 
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COAL BURNING LOCOMOTIVE STUDY 

VI. COAL PROCESSING PLANT CAPITAL COSTS 

E. Appendix - Coal Processing Capital Costs 

1. Raw Coal Unloading & Storage 

A. StoraSe Silos - Sized for 45,000 tons coal or 1.8 x 106 ft.3. 
Costased on budgetary estimate from silo manufacturer, 
installer. 

B. Railroad Siding - 8500 feet of track, and seven turnouts. 
Per Unit Track Cost·= $26.25/ft. (Ref. 1, p. 136} 

Per Unit Grading Ballast= $ 6.25/ft. (Ref. 1, p. 136} 
Per Unit Turnout Cost = $2800 (Ref. 1, p. 136} 
Inflation Factor = 3 (Ref. 2} 

C. Unloadinl Feeder to Conveyor - Sized to handle 459 tons per 
hour. A lows unloading a twenty-hour day of coal from a unit 
train in less thart s~v~n hours (Ref. 5, p. 1~1). 
Installation costs estimated at 2.5 times unit cost. 

D. Unloading Conveyor - 1100 ft., 36" wide conveyor. 
Per Unit Cost = $620 (Ref. 1, p. 132) 
Size Exponent = 0.65 (Ref. 1, p. 132} 
Field Installation Factor = 1.64 (Ref. 1, p. 132} 
Factor Covered Conveyor= 2.1 (Ref. 1, p. 133) 
Inflation Factor= 2.793 (Ref. 2} 

2. Raw Coal Crushing & Pulverizing 

A, Input Conveyor - 1100 ft. of 24" wide conveyor, from bottom 
of storage silos to bottom of-hammer mills. 

Conveyors: 
Per Unit Cost = $540 (Ref. 1, p. 132} 
Size Exponent - 0.65 (Ref. 1, p. 132} 
Field Installation Factor = 1.69 (Ref. 1, p. 132} 
Factor Covered Conveyor= 2.1 (Ref. 1, p. 133) 
Inflation Factor= 2.793 (Ref. 2) 

B. Ha!llller Mills_ - Ener~y requirement size reduction - 75 
ton/hour; 175 HP (Ref. 2, p. 41). 
Per Unit Cost = $500/ton/hour (Ref. 1, p. 133) 
Number tons/hour = 75 
Size exponent = .85 (Ref. 1, p. 133) 
Installation = 70% (Ref. 1, p. 133} 
Inflation Factor= 2.793 (Ref. 2} 
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COAL BURNING LOCOMOTIVE STUDY 

VI. COAL PROCESSING PLANT CAPITAL COSTS· 

E. Appendix - Coal Processing Capital Costs 

2. Raw Coal Crushing & Pulverizing (continued) 

C. Input Conveyor to Hammer Mill-600ft. of 24" wide covered 
conveyor from the bottom of the hammer mills to top of hammer 
mi 11 s. 

• 
Conveyors: 
Per Unit Cost = $54Q (Ref. 1, p. 132) 
Size Exponent = 0.65 (Ref. 1, p. 132) 
Field Installation Factor = 1.69 (Ref. 1, p. 132) 
Factor Covered Conveyor= 2.1 (Ref. 1, p. 133) 
Inflation Factor= 2.793 · 

D. Ball Mill Feeder - Grezley feeders to the ball mills, 24" 
wide and 15 feet long, $17,000 unit cost ~nd 80% ($13,000) 
installation (Ref. 3, p. 162 for unit cost). 

E. Bpll Mill - Energy requirements (HP) for grinding median 
particle size to five microns is 90 KWH/ton. Conservative 
estimate from (Ref. 4, p. 19) (p. 576 of proceedings). 

Cost: 90 KWH/ton requires a 3000 HP drive motor for a 
25-ton/hour ball mill. Because this is a custom mill, 
budgetary estimates were sought from mill manufacturers and 
drive motor manufacturers. 

F. Conveyor Hammer Mills to Ball Mills - 600ft. ·of 24" wide 
covered conveyor from ~he bottom of the hammer mills to top 
of ba 11 mill. 
Conveyors: 
Pet Unit Co!t • $540 (Ref. 1, p. 132) 
Size Exponent= 0.65 (Ref. 1, p. 132) 
Field Installation Factor= 1.69 (Ref. 1, p. 132) 
Factor Covered Conveyor= 2.1 (Ref. 1, p. 133) 
Inflation Factor ; 2.793 

G. Heat Exchanger, Ball Mill Out\ut Coolin~- Water-slurry heat 
exchanger to cool ba11 6mill s urry, 606 based on 3000 
HP/ball mill = 46 x 10 BTU/Hr. 
Overall Heat Transfer Coefficient, U = 375 BTU/hr. ft.2 °F 
(Ref. 4, Table 6). 
Heat Exchanger Area, A= 4835 ft.2 (Ref. 6, Chapter 14) 
Cost/ft.z = $18 (Ref. 6, Fig. 14-18) 
Installation Cost Factor= .15 (Assumed) 
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COAL BURNING LOCOMOTIVE STUDY 

VI. COAL PROCESSING PLANT CAPITAL COSTS 

E. Appendix - Coal Processing Capital Costs (continued) 

3. Powdered Coal Clean-Up & Waste Solid Removal 

A. Pump - Based on 4200 GPM @ 20 PSI. (2200 GPM for Ball Mill & 
water for mixing = 2000 GPM). 
Monel Factor = 3.23 (Ref. 1, p. 126) 
Installation Factor, incl. pipin~ = 1.41 (Ref. 1, p. 126) 
Inflation Factor= 2.793 (Ref. 2) 

B. Sur~e & Mixing Tank - Sized for 4200 GPM, to yield 15% slurry 
sol1ds by weight. 
Factor for Costing = 1.48 (Ref. 1, p. 140) 
Installation Factor= 1.47 (Ref. 1, p. 140) 
Add Insta 11 Factor, Pump1 ng ~ystem = 1. 7 (AssumPct) 
Inf1at1on Factor= 2.793 (Ref. 2) 

C. IHfh Shear Mixer - S1ied for 4200 GPM of slurry; 75 HP cost x 
2 or stainless steel (Ref. 5, p. 111). Installation costs 
estimated at 62% of unit cost in line with (Ref. 1). 

D. Separators - Sized for slurry 85% water, 10% coal, 5% 
agglomerate. Four tanks, 64 ft. x 64 ft. x 8 ft. high with 
18 11 built-in conveyors. 
Tanks: 
Factor for Costing = 1.48 (Ref. 1, p. 140) 
In~tallation Factor= 1.85 (Ref. 1, p. 140) 
Inflation Factur = 2.793 (Ref. 2) 

·Conveyors: 
Per Unit Cost = $450 (Ref. 1, p. 132) 
Size Exponent = 0.65 (Ref. 1, p. 132) 
Field Installation Factor= 1.69 (Ref. 1, p. 132) 
Inflation Factor= 2.793 (Ref. 2) 

E. Clarifiers - Settlin~ area required for proper operation 
estimated to be 21 sq. ft. per ton per day of solid wastes 
processed. Estimate falls between copper concentrate 
(specific gravity, 3.5) and nickel concentrate (specific 
gravity, 2. 5); so 1 i d waste ( speci fh: grav1 ty, approximately 
3.0). Each clarifier designed to handle 7.5 tons per hour 
(coal with 10% mineral matter) or 150 tons per 20-hour day 
(Ref. 5 , p. 13 7) . 
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COAL BURNING LOCOMOTIVE STUDY 

VI. COAL PROCESSING PLANT CAPITAL COSTS 

E. Appendix - Coal Processing Capital Costs 

3. Powdered Coal Clean-Up & Waste Solid Removal (continued) 

F. Solid Waste Sludge Pumpin~ System - Use five pumps over 
tailing pond, to handle 1 tons/hour, which has 40% water. 
Each pump then sized for 65 GPM @ 20 PSI. Conduits used for 
transporting materials. 
Pumps: 
Monel Factor = 3.23 (Ref. 1, p. 126) 
Installation Factor w/o piping = 1.11 (Ref. 1, p. 126) 
Inflation Factor= 2.793 (Ref. 2) 
Conduit: 
Cost Factor = $10/ft. (Assumed, 1985) 
Length of Conduit= 3500 ft. (Based on dimensions of tailing 

pond) · 

G. Tailing Pond - Landfill 61 acres, 20 ft. x 1650 ft. x 1280 
ft. 

Field $M&L 
Installation 

Clearing, Grading, $0.90 $1.04 (Ref. 1' Table 
Leveling, yd.2 
Excavation, 6 ft. yd.2 $0.56 $0.63 (Ref. 1' Table 
Inflation Factor = 3.0 (Ref. 2) 

4. Agglomerate Recover'y & Sto1·age 

A. Evalorator, Condenser (Heat Pump) - Combined water and 
agg omerate heat to vaporize agglomerate for r.ecovery and 
reuse. 
Latent Heat of Vaporization Agglomerate, 1000# = 25 x 106 
BTU/hr. Ton Coal 
Sensible Heat Increase, Slurry + Agglomerate = 
12.3 x 106 BTU/hr. 

Tota 1 37. 3 x 106 BTU/hr. 

VI) 

VI) 

Total 37.3 x 106 BTU/hr. = 3112 Equivalent Refrigeration Tons 

Heat Pump Cost: 
20°F Evaporator Factor= 1.95 (Ref. 1, p. 142) 
Field Installation Factor = 1.31 (Ref. 1, p. 142) 
Inflation Factor= 2.793 (Ref. 2) · 
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COAL BURNING LOCOMOTIVE STUDY 

VI. COAL PROCESSING PLANT CAPITAL COSTS 

E. Appendix - Coal Processing Capital Costs 

4. Agglomerate Recovery & Storage (continued) 

B. Cooling Tower - Total heat to be handled g5nerated by the 
ball mills (13,500 KW or 46.1 BTU/Hr. x 10 ) plus 10% for 
mechanical refrigeration in agglomerate recovery. To keep 
the cooling tower working on a 15°F temperature drop for the 
chilled water, 50.0 x 10 t 15°F lbs. of water must be 
circulated or 7,000 gallons/min. 
Curve for Unit Cost= (Ref. 1, p. 137, Fig. 13) 
Inflation Factor= 2.793 (Ref. 2) 

C. Agglomerate Storage Tank -Tank sized for 90,000 gallons and 
must have rustproof coating. 
Base Cost Field Erected= $17,000 (Ref. 1, p. 140) 
Factor, Rubber Lined = 1.48 
Tot~l M&L F~ctor = 1.85 
Inf1at1on Factor= 2.793 (Ref. 2) 

D. Product Coal Conveyor, Evaporator to Slurry Mixture - Two 
required, 64 ft. each, 18 11 wide. 
Per Unit Cost = $450 (Ref. 1, ·p. 132) 
Size Exponent= 0.65 (Ref. ·1, p. 132) 
Field Installation Factor = 1.69 
Inflation Factor= 2.793 (Ref. 2) 

5. Product Coal Slurry Mixing, Storing, Delivery to User Locomotive 

A. Mixing Tank - Same as High Shear Mixer CQ$t Ba$1$ (Sec. 
trt.c.}. . -

B. Pump - 625 GPM@ 50 PSI (2 pumps). 
Monel Factor = 3.23 (Ref. 1, p. 126) 
Installat-ion Factor= 1.41 (Ref. 1, p. 126) 
Inflation Factor = 2.793 (Ref. 2) 

C. Storage Tanks ~ Ten days (2 weeks) of output storage for 18 x 
106 gallons, four tanks, 4.5 x 106 gallons, 123ft. dia., 50 
ft. high. . 
Cone Roof Factor, Fd = 1.0 (Ref. 1; Fig. 15) 
Rubber Lined Factor, Fm = 0.48 (Ref. 1, Fig. 15) 
Inflation Factor= 2.793 (Ref. 2) 

D. Rail Siding - 3000 feet, 5 turnouts. 
Track Per Unit Cost = $26.25/ft. (Ref. 1, p. 136) 
Turnout Unit = $2800 each (Ref. 1, p. 136) 
Inflation Factor = 3 (Ref. 2) 
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COAL BURNING LOCOMOTIVE STUDY 

VI. COAL PROCESSING PLANT CAPITAL COSTS 

E. Appendix - Coal Processing Capital Costs {continueq) 

5. , Deliver to User Locomotive 

E. Locomotive Fueling Facilities - Casted as Locomotive Shipping 
Facility ( 2). 
Per Unit Cost = $4,800 {Ref. 1, p. 136) 
Inflation Factor = 2.793 {Ref. 2) 

6. Buildings, Power, Heat & Land Preparation 

A. Process Building - Building includes housing ball mills to 
coal water slurry output pump, 120,000 ft.2 with steel roof, 
concrete floor and including heating, ventilation, plumbing 
and lighting. 
Bare Building $2.58/ft.2 {Ref. 1, p. 137) 
Steel Truss Roof Factor, 0.1 0.26 II II 

Lighting 1. 50 II II 

Plumbing 1.21 II II 

Heating, Ventilation 1. 00 II II 

Fire Prevention, 2/3 area 0.64 II II 

Total $7.18/ft.2 
Inflation Factor = 2.845 {Ref. 2) 

B. Office, Quality Lab - 6400 ft. 2 with furniture, lab equipment 
and A/C. 
Bare Building $ 4.26/ft.2 {Ref. 1, p. 137) 
A/C . 3. 75 
Lighting 2.25 
Plumbing 1.21 
Heating, Ventilation 1.00 
Fire Prevention 0.90 
Office Lab Equipment 5.50 

Total $18.87/ft.2 
Inflation Factor = 2.845 (Ref. 2) 

C. Roadways, Parking Lots - Approximately 5800 ft. of ro~dways, 
16 ft. wide, 6" thick, concrete construction w1th a 611 base. 
Parking lot, 4000 ft.2, 4" thick concrete, 611 base. 
Roadways: 
Area = 10310 yd.2 
Per Unit Roadway Cost = $7.61/yd. 2 (Ref. 1, p. 135) 
Inflation Factor = 3 (Ref. 2) 
Parking Lot: 
Area = 444 yd.2 
Per Unit Parking Lot Cost= $6.35/yd. 2 (Ref. 1, p. 135) 
Inflation Factor • 3 {Ref. 2) 
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COAL BURNING LOCOMOTIVE STUDY 

VI. COAL PROCESSING PLANT CAPITAL COSTS 

E. Appendix - Coal Processing Capital Costs 

6. Buildings, Power, Heat & Land Preparation (continued) 

D. Process Power - Total Load = 19508 KW @ .93 P.F. = 20,980 
KVA. · 
Per Unit Total Cost = $12/KVA (Ref. 1, p. 136) 
Inflation Factor = 2.46 (Ref. 2) 

E. Fencing - Approximately 9000 feet of chain link fencing, 8 
corner posts and 9 gates. 
Per ~nit Cost Fencing = $5.48/ft. (Ref. 1, p. 135) 
Per Unit Cost Corner Posts = $31.50 (Ref. 1. p. 135) 
Per Unit Gate Cost = $105.65 (Ref. 1, p. 135) 
Inflation Factor = 3.0 

F. Land Preparation - 1280 ft. x 1600 ft. on 1/4 area (excluding 
ta fllng pond). 
Use only clearing, grading: 
Area = 72,500 yd.2 
Per Unit Cost= $0.76/yd.2 (Ref. 1, p. 135) 
Inflation Factor = 3.0 

G. Process Water Deionizer, Demineralizer- Based on 1600 GPM. 
Budgetary estimate supplied from water processing vendor= 
$689,000. 
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VI. COAL PROCESSING PLANT CAPITAL COSTS 

F. Appendix - Process Power Utilization 

(Reference Cost Appendix, Sec. VI.D.) 

1. Coal Grinding and Transport (Sized for 135T/Hour) 

A. 6 Ball Mills 135T/hour x 90 KW/T = 

B. 2 Hal11ller Mills 175 HP x 2 = 350 HP 

Conveyor HP from Ref. 7, pp. 10-75. 
1100 ft. conveyor (item I.D.) 

13,500 KW 

- 36" wide, 400T/hour, 500 ft/min: and 160 1 rise = 75 HP. · 
1100 ft. conveyor (item II) 

- 24" wide, 150T/hour, 500 ft./min; and no rise = 20 HP. 
600ft. conveyor (item II) 
- · 24" wide, !SOT/hour, 50 ft./min~ and 70 1 rise = 27.5 HP. 

600 ft. conveyor (item II) 
- 24" wide, 150T/hour, 50 ft./min. and no rise = 17.5 HP. 

Total input conveyor HP -

Total HP 

Total KW 

490 HP . 

2. Clarifier & Process Solid Waste Handling - Item 3. 

A. 4, Pu~ps froM Separators 
800 GPM @ 20 PSI 
22 HP each 

B. 2, Pumps clarified water 
1400 GPM @ 50 PSI 
90 HP each 

C. 5, Pumps, sludge to pond 
1ST per hr./40% water 
4 HP each 

D. 2, Stirring Drives for Clarifiers 
10 HP each 

Total 
Total KW 
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VI. COAL PROCESSING PLANT CAPITAL COSTS 

F. Appendix - Process Power Utilization (continued) 

3. Slurry & Process Pumps 

A. Pump - Item III.A. 
4200 GPM @ 20 PSI 

B. Cooling Tower Pump - Item IV.B. 
7000 GPM @ 20 PSI 

C. 2 Slurry Pumps - Item V.B. 
1250 GPM @ 75 PSI 

Total 

Tota 1 KW 

4. Remaining Process Motors 

435 HP 

90 HP 

125 HP 

· 220 HP 

A. Conveyors on 4 Separators - Item III.D. 
Three on each (12); 10 HP 

B. Mixer - Item III.C. 

C. 2 Mixers - Item V.A. 
Two, 5 HP each 

Total 

D. Fans, Lighting & Contingency - 410 KW 

Total KW 

5. Agglomerate Recovery 

75 HP 

10 HP 

205 HP 

360 KW 

120 HP 

585 KW 

37.3 x 106 BTU/Hour x 2.929 x 10-4 KW/BTU/Hour = 10900 KW 

with a conservative 60% efficiency for the heat 
pump, the input KW iS 

Tota 1 KW 
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VI. COAL PROCESSING PLANT CAPITAL COSTS 

G. Appendix - References 

REFERENCES 

1. 
ng1neer1ng, 

1969. 

2~ BUREAU OF LABOR STATISTICS, FACTORS. 

3. COAL CLEANING TECHNOLOGY, edited by D.L. Khaura, Noyes Data 
Corporation, 1981. 

4. DIRECT WET-GRINDING AND DISPERSION OF COAL PREPARATION OF 
COAL-WATER MIXTURES by Gispert Schalloy, Draiswerke, Inc.; 
presented 1983 Coal Slurry Combustion and Technology Meetings, 
Tampa, Florida. 

5. · MINING & MINERAL PROCESSING EQUIPMENT tHARTS & PRELIMINARY 
CAPITAL cosT ESTIMATIONS by A.L. Mulary, The Canadian Institute 
of Mining & . Meta 11 urgy, 1982, Quebec. 

6. PLANT DESIGN & ECONOMICS FOR CHEMICAL ENGINEERS by Peters & 
Timmerhaus, 3rd Edition. 

7. STANDARD HANDBOOK FOR MECHANICAL ENGINEERS, 7th Edition, 
Baumeister & Marks. 

From 1979 
To 1985 

From 1969 

. Bu11d1ng Materials 
Electrical Machinery 
Non-Electrical Machinery 
Steel Products 
Non-Metallic Products 
Average Labor 
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VI. COAL PROCESSING PLANT CAPITAL COSTS 

H. ROM Coal Fueling Stations 

Independent of fleet size or fuel usage, a ROM coal burning loco­
motive will need a means of loading. its hoppers with coal that is 
fast, taking no more time than refueling a diesel. This plan 
includes: 

1. Coal train unloading facility. Equipment is sized to store one 
half coal unit train (30 cars - 100 tons each). Unloading facil­
ity is sized to accomplish the unloading in one 8-hour shift. 
Coal is dropped from cars into a pit. A covered conveyor carries 
the coal to the top of the storage silo. 

Cost derived from slurry plant estimate study. Unloading facil­
ity need be half the capacity; cost varies with the .8 power. 

Unloading cost = $1,539,000 X (.s)• 8 = $884,000. 

2. Cn~l ~toraae a~d Unloader. A tilo i~ provided that the loco• 
motives drive through, stopping to have the coal directly dumped 
into the coal storage. Storage for 3000 tons allowing 20% addi­
tional capacity for variation in resupply means a silo with 
144,000 cu. ft. storage. This is one-half the size of the silos 
employed for raw coal storage in.the slurry plants. Using that 
estimate as a base, a cost variation with size for silos as the 
.9 power and a complexity factor of 1.2 for the drive-through 
feature. 

Total Cost = $675,000 X (.~)· 9 X 1.2 e $434,000 

Total Fuel Station Cost = $434,000 + 884,000 = $1,318,000 

3. Total fueling needs for ROM coal burning locomotives will be a 
minimum of two fueling stations (one on each end of the line). 
Each fueling station can handle approximately 67 locomotives 
(See Item 4 below) a pair 134 locomotives. 

Total Fueling Station Costs = $2,636~000, 0 - 134 locomotives 

For 134 to 200, 8000 HP locomotives, add $1,318,000 

For 200 to 267, 8000 HP locomotives. add $1,318,000 
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VI. COAL PROCESSING PLANT CAPITAL COSTS 

H. ROM Coal Fueling Stations (continued) 

4. A ROM c~~l burning locomotive will consume appro~imately 
23 X 10 BTU/year at 8000 HP duty. Assuming 10 BTU per 
lb of coal. · · 

Lbs of coal = 23 x41o10 BTU/year = 23 X 106 lbs/year 
1d 8TD/Lb 

Tons/Year = 23 X 106 = 11~5 X 1g6 Tons = 11,500 Tons . 
2 x to 

Fueling station holds. 3000 tons, refueling 5 days a week allows 
it to handle 780,000 tons/year or 67.8 locomotives/year. For· 
locomotives less. than 67.8, the resupply frequency of the station 
is reduced. · 
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VII. PROBABLE MARKET 

A. Forward 

B. Rationale for Market Evaluation 

C. Locomotive Probable Market and Fuel Consumption 
by Techno 1 ogy 

1. Coal Burning Diesel locomotive 

2. Coal Slurry Burning Gas Turbine locomotive 

3. Multi-Unit, 8000 HP Coal Burning locomotives 

. Gas Turbine with Steam Injection and Heat Recovery 

. Gas Turbine with Coal Gasifier 

. Steam Turbine with Fluidized Bed Boiler 

D. Probable Market Analysis for Coal Burning Locomotives 
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COAL BURNING LOCOMOTIVE STUDY 

VII. PROBABLE MARKET 

A. Forward 

The market any locomotive, independent of technology, will compete 
in is the same as long as the design intent is high utilization 
applications in mainline service. That market for highly utilized, 
mainline service locomotives is properly covered in Section VII of 
Task I report under contract DEAC 21-85MC22181, Coal Burning Diesel 
Locomotives. The basic data derived for that specific locomotive 
coal technology report is repeated in this report as the maximum 
probable market for any coal technology locomotive. 

The coal burning diesel locomotive exactly duplicates the 
performance and features of the oil burning locomotives presently 
competing in this described market. As long as the coal ,burning 
diesel is equal in performance and features, it competes head on for 
the total market. All else being the same, net expense savings 
(fuel minus increased maintenance) can be applied directly as the 
financial leverage to the railroads to buy coal burning diesel loco­
motives. 

Some of the technologies for burning coal on a locomotive do not 
produce a locomotive whose performance and features are exact 
duplicates of what is presently satisfying the market, oil burning 
diesel locomotives. As long as there are differences, the market•s 
ability to accept the performance and feature differences must be 
examined and quantified. This section on Probable Market sets its 
objective as an analysis of the market as a function of the various 
coal technologies covered in this report. The results of this 
market study is in a definitive number of units and a ,measure of 
expected utilization, fuel consumed, such that the relative value of 
the locomotive can be determined elsewhere in this report. 

B. Rationale for Analysis of Probable Market 

Although it is understood that specific railroads have specific 
needs for features different from all else, it is known that 
fundamentally, all railroads use or can use the basic performance 
and basic features of locomotives equally in the application of 
power to trains. As the total productivity of the railroads 
improve, the similarity of application of power across railroads 
becomes even more obvious, tending to strengthen those trends for 
maximizing the economics of freight transportation. 

The basic performance and features employed in this study for market 
derivation by technology are: 
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VII. PROBABLE MARKET 

B. Rationale for Analysis of Probable Market (continued) 

1. Horsepower per Locomotive Unit. 

a. Today•s average horsepower applied to the average train is 
approximately 10,000. This is made up of three locomotive 
units. This average has been growing and will g~ow to the 11 
to 12,000 hp range. 

Therefore, to enjoy full market potential, the coal burning 
technology must produce locomotives which are an even 
multiple of approximately 12,000 hp. 

b. Maximum normal hp applied as a block to train is 1600 hp. 
As time has progressed, tr~in ~p~Prl and revenue ton5 per 
train have and continue to increase; 18,000 hp might well 
be seen. 

c. Minimum assigned horsepower, 7 to 8000 hp in two units. 

For the purpose of this study, today•s single locomotive 
mainline service is not considered large enough for 
consideration, although, there has been some interest in 
single locomotive; short, high priority trains as a means of 
enjoying point to point freight business with small crews and 
no switching yard activities. If the trends of "Just In 
Time•• manufacturing process control continue, this type of 
service could become more prevalent. 

2. Tractive Effort per Unit 

The tractive effort per locomotive unit compared to horsepower 
must be close to today•s ratio or higher if the technology is 
to enjoy total market penetration. Today and in the future, 
some trains will be assigned locomotives based on climbing the 
ruling grade on.the run. lf the locomotive consist is made up 
of coal hurning units to meet this tractive effort limitation 
and the resulting horsepower exceeds that now applied with oil 
burning diesel units, then the train cannot run at top 
efficiency. The basic thrust of utilization is to keep the 
locomotives 1n the h1ghest hors~power notches for highest 
efficiency. Over horsepowerir1g to meet a tractive effort 
requirement will force the throttling of total horsepower 
(lower notch) more frequently, especially to maintain set top 

. , train speeds while not on the ruling grade. 

Naturally, more tract1ve effort per unit horsepower is advan­
tageous. This allows, assuming reduced speeds are allowable on 
grades, reduced total horsepower for the particular train and 
hence greater full power utilization. 
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VII. PROBABLE MARKET 

B. Rationale for Analysis of Probable Market 

2. Tractive Effort per Unjt (continued) 

The tractive effort to enjoy full market penetration is 25 lbs 
per horsepower when the locomotive is geared for 70 miles per 
hour. 

3. Locomotive Unit Length, Weight 

It is assumed that all coal burning locomotives can be designed 
to fit the AAR Clearance Diagram, Plate•c• profile, Track 
curvature and axle weight for any mainline service in the United 
States and therefore, no market restrictions can be quantita­
tively applied. It should be remembered that if a single 
locomotive appears within a number of married units, its length 
may be sufficient to limit its ability to be turned and, hence, 
it would need to be double-ended (operator cab on both ends). · 

4. Reliability 

In today•s market, railroads have taken advaniage of the growth 
in unit locomotive reliability to increase the train•s power 
productivity. As the locomotive reliability has improved, the 
railroads have dropped the extra unit in the consist employed to 
assure the train could complete its trip on time with a single 
locomotive failure. Reducing the number of locomotives works 
the locomotives left even harder, making them perform overall 
more efficiently. 

Using today•s oil diesel technology•s reliability as a standard, 
the market available to a particular technology was linearly 
adjusted to its estimated reliability. 

It could be argued that this is a severe limitation and it is. 
Reliability problems lead to road failures; sufficient road 
failures could cause a technology to be unacceptable completely 
to the railroad industry. By default, the market available · 
would be reduced to zero, even though it may have excellent 
expense savings even after including the maintenance cost to 
fix the failures. 

C. Locomotive Probable Market and Fuel Consumption by Technology 

Table VII-1 below summarizes the total market available to each coal 
burning locomotive technology in number of units, rated horsepower, 
tractive effort and the energy consumed as though they were powered 
by oil burning diesel engines. Because reliability affects 
available market, it is also included. 
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COAL BURNING LOCOMOTIVE STUDY 

TOTAL MARKET:. RATED UNIT RATED UNIT EQUIV Df2 TOT. FLEET EXPECTED 
LOCOMOTIVE COAL NO. OF UNITS HP FOR TRACTIVE EFFORT USEil/U~IT DF2 USED RELIABILITY 
BURNING TECHNOLOGY OPiriON SERVES TR.;CTION ·.IN LBS .. IN GAL'_ONS IN GALLONS IN F/LY 

DIESEL (CWS) 6068 J800 . 103,500 308,140 1,869,800,000 3.09 

GAS TURBINE {CWS) 3908 5900 142,000 478,450 1,869,800,000 3.09 

GAS TURBINE WITH 6522 0000 207,000 740,500 482,806,000 4.64 
STEAM INJ. (CWS) 

GAS TURBINE WITH 5512 EOOO 207,000 740.500 408,016,000 5.49 
ROM GASIFIER 

STEAM TURBINE (ROM) 3812 8DOO 207,000 740!.5{10 282,213,000 7.91 

1MARKET ASSUMED EQUAL TO ~ODAt'S MAINLINE RAlLROAD FLEET OF 3000 HP AND UP LOCOMOTIVES (7,329 UNITS, AVERAGE 
HORSEPOWER EQUALS 314·6). NUMBER SHOWN FOR EACH TECHNOLOGY KEEPS THE UNITS TIMES HORSEPOWER CONSTANT. 

2TECHNOLOGIES PRODUCING 8000 HP HAVE THEIR MARKET REDUCED BECAUSE THEIR PHYSICAl SIZE LIMITS VERSATILITY 
AND BECAUSE COMPLEX In REDUCES REUABILIT"f. 

TABLE VII-1 

PROB~.BLE MARKET AND FUEL CONSUMPTION 
OF VARIOUS COJI.L BURNING LOCOMOTIVES· 



COAL BURNING LOCOMOTIVE STUDY 

VII. PROBABLE MARKET 

C. Locomotive Probable Market and Fuel Consumption by Technology 

1. Coal Burning Diesel Locomotive 

The diesel coal burning locomotive essentially duplicates the . 
present oil burning locomotives and hence, are capable of direct 
competition with very little change on the part of railroad 
operations. The market for mainline locomotives was developed 
and defined first in an Economic Analysis exclusively for coal 
burning diesel locomotives. That market analysis was reported 
in Task I, Contract No.: DEAC21-85MC22181 and is reproduced in 
this report in Chapter VII.D. 

2. Coal Slurry Burning Gas Turbine Locomotive 

The coal slurry burning gas turbine powered locomotive 
represents a product competitive with coal burning diesels. The 
horsepower available for traction when the GE27 turbine is 
utilized is 5900. This allows the future average train to be 
powered by two gas turbine locomotives to make up the 11 to 
12,000 horsepower instead of three diesels. Only three 
locomotives would be needed for maximum, 18,000 horsepower. 

The tractive effort available from an eight-axle, 5900 HP, meets 
the minimum needed fa~ drag service. Because the locomotive is 
simple and reliable, it would be an excellent candidate for the 
next generation propulsion system employing a-c traction motors 
and proportionally higher tractive effort per axle than 
available with d-e. 

The gas turbine reliability is as good as an oil burning diesel 
but at 50% more horsepower. The gas turbine locomotive can 
compete in 100% of the available mainline locomotive. 

Table VII~2,& -3 converts the basic marketing data and fuel 
consumption for each major railroad the coal burning diesels at 
3800 HP into units assuming 5900 HP gas turbine locomotives 
displaced the total diesel fleet. Also included is the market 
represented by the most highly utilized, highest fuel burning 
locomotives - 10% of the total fleet. 
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COAL BURNING LOCOMOTIVE STUDY 

ANALYSIS OF U.S. RAILROAD DOMESTJ:C FLEETS DESCRIBING THE POTENTIAL MARKET FO~ 5900 HP COAL BURNING GAS TURBINE 
LOCOMOTIVE. (DERIVED FROM CHAP. VB OF REFORT UNCER TASK 1, CONTRACT NO. DEAC 21-85MC22181). 

EASTERN ROADS 3000 HP < 15 YEARS OLD 
~ 33% TOTAL FlEET 

CONRAIL 

NORFOLK SOUTHERN 

CSX 

WESTERN ROADS 3000 HP < 15 YEARS OLD 
~ 66% TOTAL FLEET 

BURLINGTON NORTHERN 

UNION PACIFIC & MOPAC 

SANTA FE & SOUTHERN PAC[FIC 

PRESENT DIESEL 

NO. OF UNITS 

~)89 

673 

1073 

1551 

1~;ao 

1E:63 

TABLE VII -2 

AVERAGE 
HORSEPOWER 

. 3178 

3189 

3128 

3041 

3078 

3279 

TOTAL 

PROf.ABLE TC·TPil ~IARKET FOR 5900 HP' 
GAS TLIHBINE POWERED LOCOMOTIVES 

WITH 5900 HP COAL UNITS 
(TOTAL HP x UNITS = DIESEL) 

NO. OF UNITS 

317 

364 

569 

800 

824 

1034 

3908 

FUEL CONSUMPTION 
GAL/YEAR/LOCO 

422,300 

472,300 

479,800 

556,300 

477,700 

437,400 
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COAL BURNING LOCOMOTIVE STUDY 

ANALYSIS OF U.S. RAILROAD DOMESTI( FLEETS DESCRIBING THE POTENTIAL FOR REPLACING ONLY THE HIGHEST 10% UTILIZED 
DIESEL lOCOMOTIVES WITH 5900 HP COAL BURNING GAS TURBINES. PROVIDES MAXIMUM. FUEL USE PER UNIT AND MAXIMUM FUEL 
SAVINGS. 

EASTERN ROADS 

CONRAIL 

NORFOLK SOUTHERN 

CS>: 

WESTERN ROADS 

3000 HP < 15 YEARS OLD 
10% TOTAL FLEET 

· 3000 HP < 15 YEARS OLD 
10% TOTAL FLEET 

BURLINGTON NOR]HERN 

UNION PACIFIC & MOPAC 

SANTA FE & SOUTHERN PACIFIC 

PRESENT DIESEL 

NO. OF UNITS 

245 

220 

322 

247 

260 

395 

TABLE VJI-3 

AVERAGE 
HORSEPOWER 

3429 

3566 

3427 

3270 

3473 

3602 

TOTAL 

HIGHEST UTILIZED FLEET FOR 5900 HP 
GAS TURBINE LOCOMOTIVES 

WITH 5900 HP COAL UNITS 
(TOTAL HP. x UNITS = DIESEL) 

. NO. OF UNITS 

147 

133 

187 

137 

153 

241 

992 

FUEL CONSUMPTION 
GALLONS PER YEAR 

489,500 

561,300 

593,100 

650,480 

525,900 

469,400 



COAL BURNING LOCOMOTIVE STUDY 

VII. PROBABLE MARKET 

C. Locomotive Probable Market and Fuel Consumption by Technology 

3. Multi-Unit, 8000 Horsepower Coal Burning Locomotives 

. Gas Turbine with Heat Recovery, Steam Injection 

. Gas Turbine Burning ROM Coal Gasified 

. Steam Turbine Burning ROM Coal in Fluidized Bed Boiler 

General 

The thr@e t@chnologies analyzed here produce locomotives which 
have 8000 horsepower available for traction. The market these 
locomotives would compete in are fundamentally the same. Each 
results in locomotives made up of multiple, married sections 
that are relatively complicated machines. None have a 
predicted reliability proportional to their need. 

An 8000 horsepower locomotive is a size that does not work well 
into the total locomotive market. The 12,000 horsepower average 
needed for the average train does not effectively use 8000 
horsepower units. To maintain utilization, a single 8000 
horsepower locomotive would have to be teamed with a different 
technology. Although mixed locomotive consists may happen, this 
study considers only reviewing the market where the technology 
competes and wins its market totally. 8000 horsepower would 
compete ver-y favorably, functionally, in the 16,000 horsepower 
bulk tr·ain requ1rements (two units) which, according to AAR 
statistics, makes up approximately one third of the total ton 
miles. This study assumes the market available for 8000 HP is 
a maximum of one third dedicated to very specific bulk 
commodity haulage runs. Single unit assignments are out of the 
question with the reliability expected of these units. (See 
Sec. V). 

Table VJI-4 expands the·market information dev@loped for the 
diesel locomotive into three technologies: 

. Gas Turbine Burning CWS and Steam Injection 

. Gas Turbine Supplied from Gasifier 

. Steam Turbine 

All start with a potential of one third of the maximum market 
and are assumed to compete successfully (all else be1ng equal) 
for only that portion proportional to their relative 
reliability. The reliability estimates are from Section V of 
this report. 
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1.0 

RAJLROAD 

EASTERN ROADS 

CR 

N-S 

cs.x 

WESTERN ROADS 

BN 

UP& MOPAC 

SFE & SP 

. PRESENT DIESEL 

NO. 
OF UNITS 

589 

673 

1073 

1551 

1580 

1863. 

AVERAGE 
HP 

3178 

3189 

3128 . 

3041 

3078 

3279 

TOTAL NO. OF LOCOMOTIVES 

COAL BURNING LOCOMOTIVE STUDY 

NO. OF UNITS OF 8000 HP LOCOMOTIVES 

GT W/STEAM 
INJECTION 
RELIABILITY 
4.64 F/LY 

1/3 TOTAL x 3.09 

53 

61 

95 

133 

137 . 

172 

652 

4:bLl 

GT W/GASIFIER 
RELIABILITY . 
5.49 F/LY 

1/3 TOTAL x 3.09 

45 

51 

80 

113 

116 

146 

. 551 

"5:49 

TABLE VII-4 

PROBABLE MARKET FOR 8000 HP LOCOMOTIVES 

STEAM TURBINE 
RELIABILITY 
7.9 F/LY 

1/3 TOTAL x 3.09 

31 

35 

56 

78 

80 

101 

381 

T.9I 

EQUIV. DF2 
CONSUMED/ 
LOCOMOTIVE 
at 8000 HP 

663,790 

761,050 

804,210 

881,890 

713,050 

636,210 



COAL BURNING LOCOMOTIVE STUDY 

VII. PROBABLE MARKET 

D. Probable Market Analysis for Coal Burning Locomotives 

1. Derivation 

2. Summary of Results - Total Market 

3. Summary of Results -Highest Utilized 
Fleet 

4. Fleet Analysis 

Note: This chapter has been extracted from the report on Coal Buring 
Diesel Locomotives Contract No.: DEAC21-85MC22181 in total. 
The only changes made are to the page numbers and subject 
numbering to conform and flow within this analysis report on 
all coal burning locomotive options. · 
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VII. PROBABLE MARKET 

D. Probable Market Analysis for Coal Burning Locomotives (continued) 

1. De r i v a t i on 

a. Forward 

A coal burning locomotive's value is in its ability to 
provide the railroads with lower operating expenses by 
reducing fuel costs. Therefore, the market within the 
railroads for a low cost fuel locomotive will be in those 
applications burning large amounts of fuel or highly 
utilized locomotives. · 

The objective of this derivation is to analyze the various 
railroad fleets, determining numbers of units, horsepower 
and the amount of fuel consumed per unit. 

b. Method 

Ordering the typical railroad's locomotive fleet into those 
accumulating the highest yearly mileage to the lowest 
causes some obvious standards to become very clear. 

The highest mileage locomotives generally are: 
- The newest and most efficient (provides minimum total 

fuel consumption) 
- Have the lowest average maintenance per mile requirement 
- Are the highest horsepower per single unit 

As the list proceeds to units with lower yearly mileage: 
- The locomotives get older 
- The per unit horsepower drops 

This is not a surprising trend. Over the years, the per 
unit horsepower, efficiency and reliability of oil burning 
diesel locomotives has constantly increased making it an 
industry-driven economic selection to assign new 
locomotives to the most demanding applications. 

With the locomotives ordered in descending miles, it is 
relatively easy to assign approximate fuel usage via 
weighted averaging of Horsepower Miles per unit per year. 
Total fuel consumed is available from Transportation 
Statistics for Railroads published by ICC. For a typical 
Western railroad, the allocation of locomotive and fuel 
consumption varies as follows: 

. Top 10% - Burns 17% of total fuel 
- Highest mileage, highest horsepower trains 

. Top 33.3% - Burns 50% of total fuel 
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VII. PROBABLE MARKET 

D. Probabie Market Analysis for Coal Burning Locomotives 

1. Derivation (continued) 

b. Method (continued) 

Top 66.6% - Burns 90% of total fuel 
- Most locomotives are 3000 HP and up 

. Bottom 33.3% - Burns 10% of total fuel 
- Switchers and old low horsepower locomotives 

For a typical Eastern Railroad~ the results show a little 
more concentration nf 11tiliz~tion in the high horiepower 
.units • 

• Top 10% - Burns 24% of total fuel 

.. Top 33% - Burns 59% of total fuel 
- Eastern Roads 3000 HP and up are all contained in top 

one third 

Bottom 33% - Burns 15% of total fuel 
- Eastern Roads use more fuel in switching than Western 

This allows any railroad fleet to be examined determining 
approximate quantities of locomotives and their fuel 
consumption using only the fleet log. 

It should be understood that assigning fuel consumption by 
HP miles assumes both a constant duty cycle and constant 
efficiency for all units in the fleet, which is incorrect. 
On test cases with actual fuel consumption and unit miles, 
the allocation by HP miles works reasonably well with the 
highly used, high horsepower locomotives where this study•s 
interest lies. The allocation to the low horsepower, low 
miles bottom 33% is .in considerable error. Because the 
fuel usage is so low for the bottom end, resulting 
under/over al1ocat1on of fu~l will have but a minor impact 
on the high horsepower areas of interest. 

For the coal burning locomotive, the potential market was 
limited to 3000 HP and up (top 1/3 of Eastern Roads and top 
2/3 of Western Roads). 

Figures VII.D.2 & 3 are the results of analyzing the biggest 
six U.S. railroads. Figures VII.D.4.a. through f. detail 
each railroad fleet examined. 3000 HP and up locomotives 
older than 15 years were excluded from the study as it is 
believed that most are in the lowest utilization category. 
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VII. PROBABLE MARKET 

D. Probable Market Analysis for Coal Burning Locomotives (continued) 

2. Summary of Results - Total Market 

ANALYSIS OF U.S. RAILROAD DOMESTIC FLEETS DESCRIBING THE POTENTIAL MARKET FOR 3800 HP COAL BURNING LOCOMOTIVE. 

WITH.3800 HP COAL UNITS 
PRESENT DIESEL · (TOTAL HP x UNITS = DIESEL) 

AVERAGE FUEL CONSUMPTION 
NO. OF UNITS HORSEPOWER NO. OF UNITS GAL/YEAR/LOCO 

EASTERN ROADS 3000 HP< 15 YEARS OLD 
~ 33% TOTAL FLEET 

CONRAIL· 589 3178 492 272,000 

NORFOLK SOUTHERN 673 3189 565 304,200. 

CS): 1073 3128 883 309,000 

WESTERN ROADS 3000 HP < 15 YEARS OLD 
~ 66% TOTAL FLEET 

BURLINGTON NORTHERN 1551 3041 1242 358,300 

UNION PACIFIC & MOPAC 1580 3078 1280 307,000 

SA~TA FE & SOUTHERN PACIFIC 1863 3279 1606· 281,700 

TOTAL 6068 



VII. PROBABLE MARKET 

D. Probable Market Analysis for Coal Burning Locomoti~es (continued) 

3. SUMMARY OF RESULTS - HIGHEST UTILIZED FLEET 

10% OF rOTAL LOCOMOTIVES 

ANALYSIS OF U.S. RAILROAD DOMESTIC FLEETS DESCRIBING THE POTENTIAL FOR REPLPCING ONLY THE HIGHEST 10% UTILIZED 

DIESEL LOCOMOTIVES WITH 3800 HP COAL BURNERS.. PRIDVIDES MAXIMUM FUEL USE PER UNIT AND MAXIMUM FUEL SAVINGS. 

EASTERN ROADS 

CONRAIL 

NORFOLK SOUTHERN 

csx 

WESTERN ROADS 

3000 HP· < 15 YEARS OLD 
10% TOTAL FLEET 

3000 HP < 15 liEARS OLD 
10% TOTAL FlEET 

BURLINGTON NORTHERN 

UNION PACIFIC & MOPAC 

SANTA FE & SOUTHERN PACIFIC 

PRESENT DIESEL 

NO. IDF UNITS 

245 

220 

322 

247 

260 

395 

AVERAGE 
HORSEPOWE~: 

3429 

3566 

3427 

3270 

3473 

3602 

TOTAL 

WITH 3800 HP COAL UNITS 
(TOTAL HP x UNITS = DIESEL) 

NO.. OF UN ITS 

219 

206 

290 

137 

238 

374 

1542 

FUEL CONSUMPTION 
GALLONS PER YEAR 

315,300 

361,500 

382,700 

418,900 

338,700 

302,200 



COAL ,BURNING LOCOMOTIVE STUDY 

VII. PROBABLE MARKET 

, D. Probable Market Analysis for Coal Butning Locomotives 

4. Fleet Analysis 

a. CONRAIL 

Fleet Data (GE Listing dated 1/1/84 updated to 1/1/85) 

HP NO. COMMENTS 

3600 105 Some 15 years old 
3500 80 
3200 10 
3000 394 Some 15 years old 
2300 227 

Analysis 

Top 10% - 245 Locomotives 

Burns 24% of total fuel 

. Average HP - 3429 

. Total Fuel Consumed - 69,690,400 Gallons/Year 

. If cha~ged to 3800 HP coal burning locomotives: 

- 221 Locos Needed 

315.300 Gallons/Year/Loco 

Toa 33.3% - 816 Locomotives (589 Locomotives - 3000 HP 
an up) 

Burns 59% of total fuel 

. Average HP - 3178 

• Total Fuel Consumed - 133,947,000 GallonsiYear 
(3000 HP & up locos) 

. If changed to 3800 HP coal burning locomotives: 

- 492 Locomotives Needed 

- 272,000 Gallons/Year/Loco 
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COAL BURNING LOCOMOTIVE STUDY 

VII. PROBABLE MARKET 

D. Probable Market Analysis for Coal Burning Locomotives 

4. Fleet Analysis 

b. NORFOLK SOUTHERN 

Fleet Data {GE Listing dated 1/1/84 updated to 1/1/85) 

HP NO. COMMENTS 

3900 14 
3600 89 Eliminated 135 over 15 years old 
3500 116 
3300 10 All 15 years old 
3000 444 Eliminated all over 15 years old 
2300 61 A11 under 10 years old 

Analysis 

Top 10% - 220 Locomotives 

Burns 24% of total fuel 

Average HP - 3566 

. Total Fuel Consumed - 74,463,190 Gallons/Year 

. If changed to 3800 HP coal ~urr1ing locomot1ves: 

- 206 Locos Needed (sam! work done) 

- 361,500 Gallons/Year/Loco 

To~ 33.3% - 734 Locomotives {G73 LocomoLiv~s - 3000 HP and 
. u~ 

Burns 59% of total fuel 

AvPra~P. HP - 3189 (3000 HP and up) 

. Total Fuel Consumed - 171,838,000 Gallons/Year 

• If changed to 3800 HP coal burning locomotives: 

- 565 Locos Needed 

- 304,200 Gallons/Year/Loco 
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COAL BURNING LOCOMOTIVE STUDY 

VII. PROBABLE MARKET 

D. Probable Market Analysis for Coal Burning Locomotives 

4. Fleet Analysis 

c. csx 

Fleet Data (GE Listin~ dated 1/1/84 updated to 1/1/85) 

HP 

3600 
3500 
3000 

Analysis 

NO. 

160 
83 

830 

Top 10% - 322 Locomotives 

Burns 24% of total fuel 

Average HP - 3427 

COMMENTS 

Some 15 years old 
All SDSO's 2 years old 
Up to 13 years old 

Total Fuel Consumed - 110,980,300 Gallons/Year 

. If changed to 3800 HP coal burning locomotives: 

- 270 Locos Needed 

- 382,700 Gallons/Year/Loco 

Top 33.3% - 1073 Locomotives (all 3000 HP or above) 

Burns 59% of total fuel 

. Average HP - 3128 

Total -Fuel Consumed - 272,826,600 Gallons/Year 

If changed to 3800 HP coal burning locomotives: 

- 883 Locomotives Needed 

- 309,000 Gallons/Year/Loco 
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COAL BURNING LOCOMOTIVE STUDY 

VII. PROBABLE MARKET 

D. Probable Market Analysis for Coal Burning Locomotives 

4. Fleet Ana 1 ys is · 

d. BURLINGTON NORTHERN 

Fleet Data (GE Listing dated 1/1/84 updated to 1/1/85} 

HP NO. 

3600 120 
3500 10 
3200 3 
3000 1418 
2500 4n 
2000 51 

Analysis 

Top 10% - 247 Locomotives 

Burns 17% of total fuel 

Average HP - 3270 

COMMENTS 

All 15 years 9ld 
GPSO' s. 
Dash 8's 
Up to 15 years old 

Total Fuel Consumed - 89,222,727 Gallons/Year 

• If changed to 3800 HP coal burning locomotives: 

213 Locos Needed 

- 418,900 Gallons/Year/Loco 

ToJ 66.6% - 1648 Locomotives (1551 Locomotives - 3000 HP & 
up 

Burns 90% of total fuel 

. Average HP - JU41 

. Total Fuel Consumed - 445,008,600 Gallons/Year (by 
3000 HP and up) 

. If changed to 3800 HP coal burning locomotives: 

- 1242 Locomotives Needed 

- 358,300 Gallons/Year/Loco 

VII-18 



COAL BURNING LOCOMOTIVE STUDY 

VII. PROBABLE MARKET 

D. Probable Market Analysis for Coal·Burning Locomotives 

4. Fleet Analysis 

e. UNION PACIFIC 

Fleet Data {GE Listing dated 1/1/84 updated to 1/1/85) 

HP NO. COMMENTS 

6000 20 15 years old 
3600 0 UP has some 17 years old 
3500 90 MoPac GP50's 
3000 1470 Up to 15 years old 
2500 40 
2300 120 

Analysis 

Top 10% - 260 Locomotives 

Burns 17% of total fuel 

. Average HP - 3473 

. Total Fuel Consumed - 80,603,000 Gallons/Year . 

. If changed to 3800 HP coal burning locomotives: 

- 238 Locos Needed 

- 338,700 Gallons/Year/Loco 

To~ 66~6% - 1740_lo~omotive~ (1580 Locomotives - 3000 HP & 
up 

Burns 90% of total fuel 

. Average HP - 3078 

Total Fuel Consumed - 393,810,000 Gallons/Year {by 
3000 HP and up) 

• If changed to 3800 HP coal burning locomotives: 

- 1280 Locomotives Needed · 

- 307,000 Gallons/Year/Loco 
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COAL BURNING LOCOMOTIVE STUDY 

VII. PROBABLE MARKET 

D. Probable Market Analysis for Coal Burning Locomotives 

4. Fleet Analysis 

f. SANTA FE & SOUTHERN PACIFIC 

Fleet Data (GE Listing dated 1/1/84 updated to 1/1/85) 

HP NO. COMMENTS 

3900 3 Dash 8's 
3600 780 Up to 15 years old 
3300 150 Up to 15 years old 
3000 930 
2500 320 
2300 420 
2000 30 

Analysis 

Top 10% - 395 Locomotives 

Burns 17% of total fue1 

. Average HP - 3602 

• Total Fuel Consumed - 113,054,300 Gallons/Year 

. If changed to 3800 HP coal burning locomotives: 

- 374 Locos Needed 

- 302,200 Gallons/Year/Loco 

To) 66.6% - 2633 Locomotives (1863 Locomotives - 3000 HP & 
up 

Burns 90% of total fuel 

. Average HP - 3279 

• Total Fuel Consumed - 452,407,200. Gallons/Year 

• If changed to 3800 HP coal burning locomotives: 

- 1606 Locomotives Needed 

- 281,700 Gallons/Year/Loco 
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COAL BURNING LOCOMOTIVE STUDY 

VIII. ECONOMIC ANALYSIS 

A. Forward 

·1. Analysis Methodology 

2. D.C.R.R. Spreadsheet Description 

B. Economic Analysis Spreadsheet Explanation 

C. Sample Analysis Spreadsheet 

D. CWS Burning Diesel Locomotive 

E. CWS Burning Gas Turbine Locomotive 

.F. CWS Burning Gas Turbine Locomotive with 
Steam Injection 

G. ROM Coal Gasifier Gas Turbine Locomotive 

H. Fluid Bed Steam Turbine Locomotive 
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COAL BURNING LOCOMOTIVE STUDY 

VIII. ECONOMIC ANALYSIS 

A. Forward 

1. Analysis Methodology 

The economic analysis is developed from the viewpoint of the 
railroads investing their money in an apparent optimum way in 
the purchase of new locomotives. As the railroads present 
fleet ages, they have a choice of buying new, modern diesel 
electric locomotives or rebuilding existing locomotives. This 
analysis assumes the railroads have decided to buy new locomo­
tives to gain expense savings. This section examines the 
economic viability of a new option, coal burning locomotives 
over oil burning locomotives. 

Coal burning locomotives offer an incremental additional fuel 
savings over and above that offered by the latest oil burning 
diesels. This incremental fuel savings (from Chapter II) is 
offset by an increase in maintenance costs (Chapter III) 
providing a net expense savings to the operatic~ of the rail-
road. · 

For a railroad to purchase and utilize a coal burning locomo­
tive fleet, their investment in capital must not only include 
the additional or incremental increase in the price· paid for 
the coal burning locomotive but also they must invest monies in 
a new coal fuel infrastructure (Settion VI). 

The analysis adjusts the incremental purchase price increase 
over oil diesel locomotives of each coal burning locomotive 
option such that the total investment (locomotives and required 
infrastructure) meets a discounted rate of return of 15% 
considering the specific net expense savings (fuel minus 
maintenance increase). If the resulting incremental increase 
in purchase price appears to be a value at which the locomotive 
could be manufactured profitably, a second analysis was under­
take~ readjusting the purchase price such that the total 
investment increase and expense saving produce a 20% OCRR. 

The analysis assumes the specified fleet is changed to a coal 
option linearly over a 10-year period with the infrastructure 
being added as required for their support. 

2. DCRR Spreadsheet Description 

For each railroad case. the size of the fleet to be purchased 
is determined (Section VII) along with the average fuel 
consumed based on standard diesels. See attached example. 
These are input in cursor cells, G7 and G13. Based on the 
latter, fuel savings per year based on average fuel costs in 
Table II.A.J-2 (G17) and maintenance costs premium per year 
based on maintenance costs of oil burning and coal burning 
diesel locomotives in Section III (G19) are automatically 
calculated, using the formulas shown in the listing. 
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COAL BURNING LOCOMOTIVE STUDY 

VIII. ECONOMIC ANALYSIS 

A. Forward 

2. DCRR Spreadsheet Description (continued) 

Next, the fleet purchases are spread over a 10-year period 
resulting in a locomotive capital cost investment difference 
derived from the Allowable Capital Cost Adder/Locomotive (H3). 

The infrastructure capital investments for the coal processing 
plants and fueling stations are added as follows: 

a. Those options utilizing coal water .slurry (CWS): 

Stage 1 - One-half of the first fuel processing plant and 
associated fueling stations 
Stage 2 - The second half of the first processing plant and 
associated fueling stations 
Stage 3 - One-half of the second fuel processing plant and 
associated fueling stations 
Stage 4 - The remaining half of the second fuel processing 
plant and its fueling stations 

b. For those options utilizing coal directly, only fueling 
stations are included. 

Coal processing infrastructure investment costs are entered 
(Column D) in years 1, 3, 6 and 8 of the 10-year locomot1ve 
buying cycle for those options utilizing CWS. For those 
options using ROM coal, fueling stations are in accordance with 
Sec. V.H. Column F shows the total investment by year, with 
the negative value indicating direction of cash flow. 

Columns G and H show the fuel savings and maintenance premiums 
expected over diesel oil locomotives as coal burning locomotives 
are added to the fleet. 

Column I shows the net impact on cash flow from the 10% invest­
ment tax credit and from the depreciation schedule applied to 
purchases. Both lnr.nmntiv~s and infrastructure investment~ arc 
depreciated in accordance with the schedule shown.· Column J 
shows the net expense savings which result from fuel and mainte­
nance savings with tax factors included. 

Column K sums up the annual cash flows from capital outflow, net 
expense savings and investment and depreciation impacts. In 
Column L, present value of these cash flows is determined. The 
discounted cumulative cash flow is shown in Column M. 

It should be noted that locomotives are assumed to have a 
15-year life and they are therefore retired in sequence, just as 
they were added (Cells 844 through 853). 
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COAL BURNING LOCOMOTIVE STUDY 

VIII. ECONOMIC ANALYSIS 

A. Forward 

2. DCRR Spreadsheet Description (continued) 

The spreadsheet is then used in the interactive mode. First, a 
value of Allowable Capital Cost Adder is assumed. If the 
discounted cumulative cash flow (DCCF) is negative after 
calculation (cursor cell, M53), a lower value of Allowable 
Capital Cost Adder is substituted. If the DCCF is positive, 
the value is increased. By this technique, the final 
Allowable Capital Cost Adder is obtained which results in a 
zero value after 25 years. 

When a 20% DCRR hurdle rate is desired, cell {G9) is changed to 
20% and the procedure repeated. 

VIII-3 



COAL BURNING LOCOMOTIVE STUDY 

VIII. ECONOMIC ANALYSIS 

Cell 

B1 

E1 

F1 ·to 
M1 

H3 

GS 

G7 

G9 

Gll 

G13 

G15 

G17 

Gl9 

B. Spreadsheet Road Map 

1. Economic Analysis Spreadsheet Explanation 

The cells, Columns and rows referred to below are shown on Fig. 
VIII. C. 

Title 

Railroad Initials 

Run Number 

Analyzed Fleet 
Description 

Allowable Adder 
Per Loco 

RailroaQ Total 
Fleet Size 

Case Locomotive 
Fleet Size 

OCRR vs Standard 
Diesel 

Total Fleet Uiesel 
Fue·l Used {Gal) 

Diesel (Fuel) Used 
per Loco (iooo Gal) 

BTU/Loco (10) 10 

Fuel Savin~s/year/ 
loco ($000) 

Maintenance Cost 
Adder/Year 

Function 

Informative 

Informative 

Infonna ti ve 

Input/Output 

Informative 

Input at 3800 hp 
Equivalent 

Input 

Infonnati ve 

Input at 3800 hp 

Converts 
G13 to required 
options fuel 
input for coal 
only. 

Provides direct 
input lu analy51s. 

Another expense 
for direct input 
to analysiS. 

VI II-4 

Source or Data 

BN,CR,CSX,NS,SF,UP 

1,2,3 etc. 

Title, Words 

See VI I I. A. 2. 

See VI I I. B. 2 

See VII. 

.15 for 15% 

.20 for 20% 

See VI I I. B. 2. 

Corresponds to the 
fleet analyzed, 
( G 7) . See VI I. 

See V I I I. B . 3 . 

Relationship between fue1 
sav1ngs and fuel consumed 
(G13). See VIII.B.4. 

Relationship between 
maintenance cost adder and 
fuel consumed (G13). 
See VII I. B. 5. 



COAL BURNING LOCOMOTIVE STUDY 

VIII. ECONOMIC ANALYSIS 

Cell 

G21 

A29 
A53 

B29 to 
B53 

C29 to 
C38 

D29 to 
D38 

F29 to 
F38 

G29 to 
G53 

H29 to 
H52 

B. Spreadsheet Road Map 

1. Economic Analysis Spreadsheet Explanation (continued) 

Title 

Plant Capital Cost 

Year 

Locomotives added 
and later retired 

Locomotive invest­
ment difference 

Infrastructure 
Capita 1 Invest­
ment plan 

Total Investment 

Fuel Savings 

Maintenance cost 
adder 

Function 

Capital expenditure 
for CWS production 
infrastructure and 
refueling stations. 

Represents the in­
dividual years over 
which the analysis 
is run. 

Depicts the plan 
for fleet build-up 
and build-down. 

Provides the coal 
burning locomotive 
portion of the 
total investment. 

Distributes the 
capital investment 
in line with 
program need. 

Totals the two 
pieces of invest­
ment, coal fired 
locos and infra­
structure. 

The expense savings 
offsetting mainten­
ance cost increases 
and capital invest­
ment. 

Detracts from fuel 
savings 

VIJ.l-5 

Source or Data 

Relationship between the 
number of fleet BTU's 
consumed and investment 
required. See VIII.B.6. 

Start with 1, run to 25. 

The plan calls for the 
fleet shown in Cell G7 
to be purchased evenly 
over 10 years and then 
to be retired after 15 
years of age. 

829 to B38 X H3 
the quantity of loco­
motives purchased times 
the allowable price in­
crease per locomotive. 

See VI I I. B. 7. 

Add columns C & 0 
respectively. 

Individual locomotive 
savings (G17) times total 
locomotives in service. 

Yearly savings per loco­
motive (G19) times the 
number of locomotives in 
service. 



COAL BURNING LOCOMOTIVE STUDY 

VIII. ECONOMIC ANALYSIS 

Cell 

129 to 
!52 

J29 to 
J52 

K29 to 
K52 

L29 to 
L52 

M29 to 
M53 

B. Spreadsheet Road Map 

1. Economic Analysis Spreadsheet Explanation (continued) 

Title 

Investment Tax 
Credit and 
Depreciation 

Net Expense Savings 

Annual Simple 
Cash Flow 

Present Value 
Cash Flow 

Discounted 
cumulative cash 
flow 

Function 

Incorporates tax 
savings into the 
analysis. 

Effective savings 
after taxes. 

Investment outflow 
yt!arly dollars 
minus year expense 
savings. 

Simple cash flow 
above converted 
into dollars 
necessary today to 
support that 
future flow at the 
given discount or 
hurdle rate estab­
lished (15% or 20%). 

Accumulate5 the 
yt!ars and past 
years present 
value cash flow. 
When year 25 
arrives, the cumu­
lative discounted 
cash flow should 
be 0. (This says 
the expense 
savings just bal­
anced the invest­
ment at the desired 
hurdle rate). 

VII I -6 

Source or Data 

See V I I I. B . 8. 

Fuel savings plus mainten­
ance increase times .54. 
(Col. G +Col. H) X .54 

Investment (Col. D) minus 
fuel savings (Col. ·G) plu5 
maintenance increase 
(Co 1. H). 

The individual simple 
annual cash flows are 
brought back to today•s 
do 11 ars. by the yearly 
compounding of the hurdle 
rate. 
Col. Kt(l+G9) (Col. A-1) 

Col. M ac~umulates Col. L. 
By changing the allowable 
selling price adder per 
loco (H3), the program 
will recalculatP. with new 
investment cash flows and 
finally cumulative dis­
counted cash flow. Suc­
cessive tries allows the 
25th year (program end) to 
be 0. 



COAL BURNING LOCOMOTIVE StUDY 

VIII. ECONOMIC ANALYSIS 

B. Spreadsheet Road Map 

2. Railroad Total Fleet Data 

Data for the individual railroads was obtained from General 
Ele~tric files for 1984, the latest year with complete_ 
infonnation. 

Rail road Tot a 1 Active Fleet 
No. Units 

Burlington Northern - BN 2593 

Conrail-CR 2447 

csx 3218 

Norfolk Southern - NS 2148 

Santa Fe & 3950 
Southern Pacific - SFE 

Union Pacific & Missouri 2569 
Pacific - UP 

Total Fuel Consumed 
Gallons 

514,750,379 

290,376,555 

462,417,920 

310,263,302 

652 '24.9' 114 

465,106,829 

3. Conversion of DF2 (Cell G13) to Coal Fuel (G15) 

To convert the input fuel, DF2, to an oil burning diesel of 3800 
hp to the input BTu•s required from coal fuel for a 3800 hp coal 
burning locomotive, a conversion factor is made up.· 

a. Convert gallons of DF2 X 10A3 to BTU•s X 10A3, multiply by 
150,000 BTU•sjgallon, a standard. (This produces the BTU 
input required for an OBD locomotive). 

b. To convert input BTU•s to that required for a coal burning 
locomotive, multiply by the ratio of cycle efficiencies 
(Chapter I). For the coal burning diesel, an additional 
factor is employed to remove from the BTU•s supplied by DF2· 
pilot fuel. This allows the calculation to result in BTU•s 
to be supplied by coal fuel. The input coal fuel BTU•s is 
used in calculating the coal fuel processing plant size/cost 
in cell G21. 

VIII-7 



COAL BURNING LOCOMOTIVE STUDY 

VIII. ECONOMIC ANALYSIS 

B. Spreadsheet Road Map 

3. Conversion of DF2 (Cell G13) to Coal Fuel (GIS) (continued) 

For Coal Burning Option 

Coal Burning Diesel 

* Accounts for the 16% 
OF2 Pilot Fuel 

Gas Turbine 

Gas Turbine w/Steam 
Injection 

Gas Turbine w/Gasifier 

Steam Turbine 

Ratio of Cycle Eff 

39.2 OBD X 84• 
35.9 CBD · 

39.2 oao 
28.9GT 

39.2 OBO 
34,4 Gf&I 

39.2 OBO 
25.6 GT/Gas. 

39.2 OBO 
~=sr~ 

Results 

= .9172 

= 1. 3564 

= 1. 1395 

= 1.5313 

.. 2.1657 

c. Combining a. and b. above with a seale facto•· of 10/\-7, c~ll 
G13 converts to GIS in BTU/\10 by multiplying G13 by: 

For Option 

. Coal Burning Diesel 

• Gas Turbine 

• Gas Turbine w/Steam Inject1on 

• Gas Turbine w/Gasifier 

• Steam Turbine 
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Combined Factor 

.01378 

.02035 

.01711 

.02295 

.03242 



COAL BURNING LOCOMOTIVE STUDY 

VIII. ECONOMIC ANALYSIS 

B. Spreadsheet Road Map (continued) 

4. Fuel Savings Calculation 

Chapter II derives the fuel cost savings for all of the coal 
burning locomotive options. From II.A.4, the followin9 
equations are summarized relating the savings in $(000) to fuel 
consumed as shown in Cell G13 for coal water slurry burning 
locomotives: 

. Coal Burning Diesel {$60,871+.257x{G13x1000-$160,000))/1000 

. Gas Turbine ($58,663+.2 059x(G13x1000-$160,000))/1000 

. Gas Turbine ($73,980+.2905x(G13xl000-$160,000))/1000 
w/Steam Injection 

For classified ROM coal burning locomotives, the equations are 
derived in Section II.B.S and are summarized as follows: 

. Gas Turbine 
w/Gas i fi er 

. Steam Turbine 

(-$16239+.7739x{G13x1000-$160,000))/1000 

(-$551+.8515(G13x1000-$160,000))/1000 

5. Maintenance Cost Adder 

Section III develops the maintenance cost adder for the 
respective options. The equation relating maintenance cost 
increase (decrease) to fuel consumed (Cell G13) are from Table 
III-2 to Table III-6 and are SUIT'ITlarized below: 

. Coal Burning Diesel ($.0079/Gal.xG13xl000+$25,070) x 1060 

. Gas Turbine 

Gas Turbine 
w/Steam Injection 

Gas Turbine 
w/Gasifier 

Steam Turbine 

($.07375/Gal.xG13xl000-$17,750) x ~ 

($.087/Gal.xG13xlooo+$6,290) x 1060 

($.13/Gal.xG13Xl000+$40,000) x -=.L 
1000 

($.OS4tal.xG13xl000+$54,530) x -l 
1000 . 
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COAL BURNING LOCOMOTIVE STUDY 

VIII. ECONOMIC ANALYSIS 

B. Spreadsheet Road Map (continued) 

6. Plant Capital Cost 

Section VI develops the plant capital cost relationship to the 
total energy output required. For coal water slurry burning 
locomotives this relationship is: 

Capital Costs = 2x141.1x(G15/2 x G7)/\.8 

Where Cells G15 x G7 equals the total fleet energy required. 
Dividing by 2 provides the cost of a half size plant. Multiply­
ing the result by two provides capital funds for two half size 
plants located at convenient places on the railroad, Chapter II. 

For classified ROM coal burning locomotives, only refueling 
stations are required. Chapter VI also covers the capital cost 
for these refueling stations. Summarized from VI.H.3. 

a. Year one - $2,636,000/1000 

b. After 134 locos at 8000 HP (282 @ 3800 HP) 
- Add $1,318,000/1000 

c. After 199 locos at 8000 HP {419 @ 3800 HP) 
- Add $1,318,000/1000 

7. Total Infrastructure Investment in CaRital 
• "'W--~~- .... _,_.,._ 

This column of numbers represents the plan necessary to accom­
modate the locomotives purchased yearly as. shown in column B. 

For CWS burning locomotives, the two plants described above 
under VIII.B.6 are installed in four parts. The first plant is 
built at half capacity in year 1 at 61.4% of a plant cost. The 
second half is added in year 3 at 38.6% of the cost. The second 
plant comes on stream with the second half of the locomotives in 
the years 6 and 8. The spreadsheet needs to have in Cells D29 
and 034, the statement -G2lx.614x.5 to put the proper investment 
into these years and in cells 031 and 036; -G21x.366x.5. 

For the 8000 HP options, an additional infrastructure investment 
is required. All of these large locomotives are complicated 
which reflects in locomotive unavailabiltiy. Chapter IV covers 
the derivation of the individual coal burning option avail­
ability. Because these locomotives are not as available as the 
oil fired diesel locomotive, coal fired diesel or the direct 
fired gas turbine locomotive, additional motive power must be 
added to keep the fleet functional. Additional motive power is 
added here as investment per year in oil fired diesel 
locomotives with a selling price of $1,325,000 per 3800 hp unit 
(today's selling price). The amount of additional investment 
needed is: 
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COAL BURNING LOCOMOTIVE STUDY 

VIII. ECONOMIC ANALYSIS 

B. Spreadsheet Road Map 

7. Tot a 1 Infrastructure Investment in Capita 1 (continued) 

Investment Dollars = 

$1, 325 ,000 x Avail of OFD - Avail Coal Option Z 
Avail of OFO x 

Where Z is the Number of Co a 1 Fi r_ed Locomotives purchased in 
equivalent 3800 hp units. The spreadsheet employs this 
relationship in the following manner: 

029 to 038 = 829 to 838 x :~~~-Q x 1.325 

Where Q is (from IV.C.) the availability of the coal burning 
option. Only 8000 hp units need be considered: 

Gas Turbine w/Steam Injection 
Gas Turbine w/Gasifier 
Steam Turbine 

Q = • 852 
Q = .660 
Q = .781 

For ROM Coal Burnin~ Options the plant and equipment capital 
investment is only 1n refueling stations. As explained under 
VIII.8.6 above, the investment is proportional to the total 
locomotive fleet (Cell G7). Therefore, this investment varies 
with the railroad. All railroads are satisfied with the initial 
investment in year one for up to 282 locomotives at 3800 hp. 
Only Santa Fe has more requiring an additional investment in the 
seventh year of $1,318,000. 

8. Investment Tax Credit nnd Depreciation 

Accumulated year by year in Column I (Cells 129 to 153) is the 
investment tax credit and depreciation. The yearly investment 
is depreciated: 

lst year of 1nvestment 
2nd year 
3rd year 
4th year 
5th year 

15.0% 
22.0% 
21.0% 
21.0% 
21.0% 

A tax credit of 10% is taken during the first year and added to 
the 15% depreciation allowance. All these individual deductions 
are converted to credit dollars assuming a corporate tax rate of 
46% with the exception of the first year tax credit. 
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COAL BURNING LOCOMOTIVE STUDY ··,. 

VI I I. ECONOMIC ANALYSIS 

c. Sample Analysis Spreadsheet 

M 
" 6U OF TOTAL Fl££T > 3000 If • < 15 YRS DU 

AU.OWU CAPITAL CUST ADDD ct,OOOI'er LOCO 426.291 I ........... ______ ....___ ... 
MILICAD • TOTAL LitO F1.£ET I m IRtfl 

CASE • LotDIIOTlV£ FUET SUI • 1242 

DCD YOSUS STMDW DIEm • 15.00 

TOTAL F1.£ET 012 USED !tall 1 5unom IRtfl 

CASE • Df2 I LDCD 1000 tall • m.lo 
lTV I LOCO 1101•10 • 4.94 IMmDT IIPitEt lA TIII 

ICIDU 
FUEL SAVIMSS 10001 /YEAR ~OCOPIOTIV£ • 111.891 Y!M 1 15.001 

2 22.001 
MINT COST ADDER 10001, AV£/YII 0V0 LIFt • 22.219 3 21.oot 

4 21.001 
PlANT CAPITAL COST I 000 , I 86841 5 21.001 

IIOT£1 AU • • LOCUS LOCU COM. PROC TOTAL MIIUAL DlstOUITD 
mMSD 11MSTIIIT 11FRASTR. YEAR FUn. IIAIIT, CST •1w. TAl IIET EIP. SIII'U PIES. VAL aiii.ATlV£ 

YEAR ~RET D1FFROCE 1wtrniiT JIIYESTRI SAV1111S savu•s CR.+ DEPI "SAY I .. tASM FlCI Wll FUJI CAlM FlDII 

1 124 ·52UO ·53321 ·106111 13174 -2m 1n45 6004 -1m2 ·12232 -12m 
2 124 ·5a.G ·5mo 27749 ·"10 196n 1*' ·21172 •11411 •100M3 
~ 124 ·12UO ·m21 -IW1 41623 ·1266 J020S 11013 ·ll16l ·211S1 •12'4" 
4 124 ·52860 •52160 554 .. ·11021 33031 24011 4196 2m ·126740 
5 124 ·52860 •52160 nm ·13176 37991 300%2 15152 IW •111077 
6 124 ·52860 ·53321 ·106111 83247 ·1W1 41151 ~ ·21303 ·14072 ·13214, 
7 124 ·52160 ·5%160 97121 -19216 31236 42031 27406 11149 ·120JOO 
8 124 ·52860 ·m%1 ·16311 nom ·22042 40417 4IOl5 2072 "' •tlfS21 
9 124 ·5mo ·52160 124870 ·24n7 31145 540l' 39324 1- •106W 

10 126 ·53713 ·53713 138961 ·27597 31135 60141 44W 1U.7 -nm 
11 0 131961 -21m 23m 60141 14133 ton• ·73202 
12 0 131961 ·27597 1W9 60141 71110 169D ·5626, 
13 0 138968 -2m1 tom 60141 104!6 13165 -uto• 
14 0 131968 ·27597 $189 60141 •sm 10611 ·32416 
15 0 138968 ·21597 0 60141 60141 eoo ·23917 
16 •124 125094 ·24141 0 541~ 54136 66$3 ·17334 
17 •124 111219 •22016 0 41132 41132 SIM ·t2190 
II ·124 97345 ·19331 0 42128 42121 ltlS ·lm 
19 ·124 13470 •16576 0 36123 ~123 2'19 ·5336 
20 ·124 U5'6 ·13820 0 lOUt 30119 2116 ·3240 
21 ·124 55722 ·11065 0 24114 24114 1473 ·17" 
Z2 •124 41147 ·1310 0 11110 11110 ''2 .eos 
23 •124 2n73 ., 0 12106 1210. "' ·245 
24 ·124 140 .. ·2100 0 6101 "01 245 0 
25 ·126 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VII I. ECONOMIC ANALYSIS 

D. c·ws Burning Diesel Locomotive 

SFt RAILROAD FI&. NO. 1 • 66% OF TOTAL FtEET > 3000 HP • < 15 YRS OLD 

A~LOWAIL£ CAPITAl COST ADDER !S,OOOiotr LOCO 1 327.907 . 

·····---------·------------------------------
RAILROAD • TOTAL LOCO FLEET = 3950 IAtf I 

CASE • LOCO"OTIYE FLEET SIZE 1 1606 

DCAR VERSUS STAMDAAD. DIESEL 1 15.00% 

TOTAL FLEET DF2 USED !gill 1 652249114 lhfl 

CASE • DF2 I LOCO 1000 till I 281.70 

aru ' ~oco r1o1·to 1 3.88 !IIYESTmT DEPRECIATION 
SCHEDIA.! 

FUEL SAYIH&S 10001 /YEAR /LOCOftOTIYE I 92.181 YEAR I 15.00% 
2 22.00% 

"A!NT COST ADDERIOOOI, AYE/YR OYER L!F! • 22.825 3 21. 00% 
4 21.001 

PLANT CAPITAL COST I 000 I • 81995 5 21. OOI 

!lOT£: ALL s Ill THOUS~NDS 

LOCOS LOCO COAL PAOC TOTAL ANNUAl DISCOUITO 
PRCHSD !NYEST"NT !NfRASTR. YEAR FUEL "A!IIT.CST •!NV, TAl NEi EIP. Sl"P\.E PRES. VAL CUPIUUTIYE 

YEAR OR RET DIFFREHCE !NYEST"IIT !HYEST"II SAYIII&S SAY!N&S CR.• DEP~ ·s~Ylii&S CASH FLOW CASH FLOW CASH FLOW 

--------·------------------------------------------------------------------------------------------------------
I 160 ·52465 ·54029 ·I06n4 14749 ·3652 17997 591'2 ·82504 ·82504 ·82504 
2 160 ·52465 ·52465 294'1 ·1304 19644 11985 ·20836 ·18119 ·100623 
3 1110 -52405 ·33906 ·SC4ll 44247 ·10956 30204 17977 ·39250 ·28923 ·129545 
4 160 ·52465 ·52465 58996 •14608 32909 2397& 4473 2941 ·126604 
5 loo ·52m ·52465 73745 ·18260 37881 29962 15378 8792 ·117812 
6 160 ·52465 ·54029 ·106494 88494 ·21912 41792 359~5 ·28747 •14292 ·132104 
7 160 ·52465 ·52465 10324! ·25564 38129 41947 27611. 11937 ·120167 
B 160 ·52465 ·l39U ·86431 117992 ·29215 40340 47939 1848 695 .;119472 
9 uo ·52465 ·52465 132741 ·32867 38037 53932 39504 12914 ·106558 

10 lh ·54433 ·54433 148043 ·36656 38213 60149 43930 12488 ·94071 
II 0 148043 ·36656 23994 60149 84143 20799 ·73272 
12 0 148043 ·36656 18676 60149 78825 16943 ·56329 
13 0 148043 ·36656 10326 60149 70475 13172 •43157 
14 0 148043 ·36656 5258 60149 65407 10631 ·32526 
15 0 148043 ·36656 0 60149 601" 8501 ·24025 
u -uo 133294 ·33004 0 54157 scm U56 ·17370 
17 ·160 118~45 ·29352 0 48!H 48164 5147 ·12223 
18 ·UO 10l796 ·25700 0 42172 42172 l'l' ·Bl04 
19 ·UO 89047 ·22049 0 36179 36179 2923 ·5380 
20 ·UO 74298 ·18397 0 30187 30187 2121 ·3259 
21 ·160 59549 ·14745 0 24!94 241" 1478 ·1781 
22 ·160 u8oo ·11093 0 18202 18202 967 ·814 
23 ·160 30051 ·7441 0 12210 12210 504 . -2~0 
24 ·160 15302 ·3789 0 6217 6217 250 0 
25 ·IU 0 0 0 0 0 0 0 
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COAL BURNI~G LOCOMOTIVE STUDY 

VI I I. ECONOMIC ANALYSIS 

D. CWS Burning Di~sel Locomotive 

IN RAILROAD FIS. MO. 1 • 66% OF TOTAL FLEET > 3000 HP l < 15 YRS OLD 

ALLOWABLE CAPITAL COST ADDER !I,OOOlptr LOCO • 426.291 

···-------·----------------------------------
RAILROAD • TOTAL LOCO FLEET • 2593 !Rtf I 

CASE • LDCOftOTIYE FLEET SIZE • 1242 

DCRR VERSUS STANDARD DIESEL • 15.00% 

TOTAL FLEIT DF2 USED !gall • 514750379 IRtfl 

CASE • DF2 I LOCO 1000 gall • 358.30 

BTU I LOCO 1101•10 • 4.94 INVES~NT DEPRECIATION 
SCKEbUL£ 

FUEl SAYINGS !0001 /YEAR /LDC~TIYE • 111.891 YEAR 1 15.001 
2 22.001 

MINT COST ADDER!OOOI 1 AYE/YR DYER LIFE • 22.219 3 21.001 
4 21.001 

PLANT CAPITAL COST I 000 I • 86841 5 21.001 

IIOTEa AU s 1 N THOUSANDS 
LOCOS LOCO COAl PROC TOTAL ANNUAL DISCDUWm 

PRCHSD INYEST""T INFRASTR. YEAR FUEL ftA1NT.CST •IMY. TAl MET EIP. SIIIPLE PRES.YAL 'CURULATJYE 
YEAR DR RET DIFFRENCE INYESTftNT INYESTIDI SAYINBS SAVIN&S CR.+ DEPR ~AYINBS CASH FLOW CASH FLOW CASH FLOW 
---------------------------------------------------------

1 124 ·52860 ·53321 ·106181 13874 ·2"5 17945 6004 ·82232 ·82232 ·82232 
2 124 ·52860 -52860 27749 ·5510 19679 12009 ·21172 ·18411 ·100643 
3 124 ·52860 ·llS21 ·86381 41623 ·8266 30205 18013 ·38163 ·28857 ·1294" 
4 124 ·52860 ·52860 55498 ·11021 33038 24018 4196 2759 ·126740 
5 124 ·52860 ·52860 69372 ·13776 37991 30022 15152 1663 ·118077 
6 124 ·52860 ·53321 ·106181 83247 ·16531 41851 36026 ·28303 ·14072 ·132149 
7 124 ·52860 ·52860. 97121 ·19286 38236 42031 27406 11849 ·120300 
8 124 ·52860 ·33521 ·86381 110995 -22042 40417 48035 2072 779 -119521 
9 1~4 -~2860 -~28&0 124870 ~247H 3814! !4039 l9l24 128" •1011666 

10 126 -53713 ·53713 138968 ·27597 38135 60141 44503 12667 ·93999 
11 0 138908 ·27597 23993 6014i 84il3 20796 ·73202 
12 0 138968 ·27597 18639 60141 78780 16933 ·56269 
l3 0 138968 -27!97 10295 60141 704U mu ·4ll04 
14 0 138968 ·27597 5189 60141 65329 10618 ·32486 
15 0 138968 ·2,97 0 60141 60141 8500 ·23987 
16 ·124 125094 ·24841 0 54136 54136 6653 ·17334 
17 ·124 111219 ·22086 0 48132 48132 5144 •12190 
18 ·124 97345 ·19331 0 42121 42128 3915 -827S 
19 ·124 83470 ·16576 0 36123 36123 2919 -m6 
20 ·124 69S96 ·13820 0 30119 30119 2116 ·3240 
21 ·124 55722 ·11065 0 24114 24114 1473 ·1767 
22 ·124 41847 ·8310 0 18110 18110 962 ·805 
23 ·124 27973 ·5555 0 12106 12106 559 ·245 
24 ·124 14098 ·2800 0 6101 6101 245 0 
25 ·126 0 0 0 0 0 0 0 

VIII-14 



COAL BURNING LOCOMOTIVE STUDY 

VI I I. ECONOMIC ANALYSIS 

D. CWS Burning Diesel Locomotive 

0 RAlLRCAI Fll. MD. 1 • l31 01 TOTAL F1£ET > lOOO ~ ' < IS YRS OLD 

ALLOMAil£ CAI!TAL COST ADD£1 !I,OOOlp~r LOCO 1 281.020 
--··············-----------------------------

RAILROAD • TOTAL LOCO FlEET 1 2U7 !Rtf I 

CAS£ • LOCOitOTivt F1££T sm 1 492 

OCRR YEISUS STACUD Dl£5n 1 13.00% 

TOTAL MT DF2 USED !till • 290l76SSS !bfl 

CAst • DF2 I LOCD 1000 '"I I 272.00 

aru 1 LOCO r1o1•to 1 l., IIYOTIIJT DEJI!t[CIATIIJI 
SOIJILU 

Fun. SAYIIIIS 10001 lYEII. llotalm'l~ I 19.686 ytM 1 lS.oot 
2 22.001 

"AIIIT COST AOD£RIOOOl, AVE/YR OYER LIFt 1 22.901 l 21.001 . 

• 21.001 
PLAIIT C'llTAl COST I 000 ) I 33209 ' 21.00% 

IIOTt1 AI.L I Ill Tl!OUSAIIDS 
LOCOS LOCll COAL PROt TOTAL AlliUM. DISCDVITD 

PRCHSD !NYESTNWT INFRASr.. YEAR F\JEL IIA!IIT.CST •tJIY. TAl 11£T £1P. SI~£ PR£5, YAL . CUM.ATI'tf 
YEAR OR RET DIFFRFNC£ !IIVEST~T !IIY[ST"' SAY!II&S SAYIII&S CR. • DEJIR •SAY!IIfS CASH F1~ CASH F\.01 CASH F\.01 

-----------·-·········---·------------------------------------------------------------------1 49 ·lli70 ·20l90 ·34160 Cl9S ·1122 5m m1 ·26620 ·26620 •2U20 
2 " ·ll770 -1mo 8789 ·2244 57&• !534 ·US2 ·!871 ·30491 
! 49 ·1!770 ·12819 -26sn 13184 ·3366 9187 5301 ·12100 . ·•~o ·l9U1 
4 .. ·IJ77n ~13770 17571 ·4419 ,, .. 7068 29U 19l7 -mo• 
5 49 ·13770 ·13770 21973 ·3611 10919 8836 3915 3422 ·34212 
6 49 ·13710 ·20390 ·34160 26361 ·6733 12393 10003 ·11162 ·S"O ·39131 
1 49 ·1!7i0 ·13770 !076t. .,.,, 11013 12l70 9U3 em ·n•" 
8 49 ·13770 ·12119 ·2a.sn lS!S7 ·8977 118&7 14137 ·~05 •227 -ntol 
9 49 ·1!770 ·13770 39551 ··tOO" 10.,8 13904 13112 4216 ·31616 

10 Sl ·143.32 •14l32 44125 ·112~7 11014 17743 14425 '101 ·2m6 
11 0 44125 ·11267 "" 17743 2U2l 60l7 ·21'" 
12 0 44125 ·112.7 $28l 17H3 230U. ... , ·l~S29 

13 0 44125 ·11267 2713 tnU 20451 n2• ·12106 
14 0 44125 ·11267 m• 17743 mit 3109 . .,., 
15 0 44125 ·11267 0 tnU 17743 2501 ·7019 
16 ... 39731 ·I 0145 0 !5976 15916 19U ·3126 
11 ·49 35336 ·9023 0 U209 14209 1511 •3607 
11 ·49 30U2 ·"01 0 12442 12U2 1156 ·2451 
19 ·49 26547 ·6779 0 106, 106, 163 •1Sif 
20 ... 22152 .,.57 0 8901 8901 626 ·f63 
21 ·49 177~8 ·4534 0 7141 7141 436 ·526 
22 ·49 !3363 ·H12 0 5373 sm 285 ·241 
23 ·49 9969 ·2290 0 31106 3606 107 •H 

24 ... 4S7t . ·1161 0 !839 183' ,. 0 

2' ·51 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VI I I. ECONOMIC ANALYSIS 
D. CWS Burning Diesel Locomotive 

CSI UILJOM Fll. 110. I ' 33% OF TOTAL n.aT > 3000 ,. I < IS TitS OU 

AlLOIAilE WITAL COST ADDER II,OOOiplt' LOCO • 3u.o.-

·---------------------------------.----------UILJOAD • TOTAL Loctl Fl££T I 3211 llttfl 

CAst • LDCOftOTIYE FlEET SIZE • Ill 

Den YDSUS STIIDAQ DIESEl. • 1S.OO% 

TOTAL FUIT DF2 USED Ifill • 4U417920 llttfl 

CAS( • DF2 I LOCO 1000 td I • 309.00 

ITU I LOCO 110J•to • t26 IMSTUT D£P!II£CIITltlt 
soou 

rvEl SAYINCS 10001 /T(AA /~DCGnDTivt I ... 206 YW 1 1S.OOl 
2 22.001 

AA!NT CO!T ADDERIOOOI, AYE/YR OVER LIFt • 22.609 3 21.001 

• 21. OOt 
PlAIT CAPITAL COST I 000 I • 58717 s 21.001 

IIOTtr All I II TMQJSANDS 
LOCOS LOCO COAL PROC TOTAL AtAIIMC. DISCOUITD 

PRCHSD INVESTNIT IIFRASTR. YEAR FUEl ~IIT.CST •t.v. TAl lET EIP. Slllltl£ Plt£5, YAL. CWU.ATI~ 
YEAR OR RET DlrrREXCE IWVEST~T IWVESTI!W SAV!QS SAVIIIfiS CR.+ 0~1 •SAVIIfiS CASH FU• ~'-" rtll!! CAlM 'l.DI 

------------·······.-.--------------·-------------------------------------------------------- ---
I 81 •30630 ·36053 •eutl i130 ·1990 112U 3UO ·51773 .,1m ·51713 
2 88 ·30630 ·30630 174.0 -nn 119~ 7280 •1142S -n!S ·617H 
l BB ·30630 ·22U5 ·53295 26190 -5•u 18541 10920 ·23127 ·11017 -nm 
4 88 ·30630 ·30630 3C920 ·7951 19970 14560 3900 25U ·77161 
5 88 ·30630 ·30630 4l.S~ ·9941 2212S Ill" 103U 59&3 •71211 
6 88 ·30630 ·36053 ·66612 5231l ·IIU7 254~ 21839 •!9401 ·96U ·10167 
7 88 ·30630 ·30630 61111 ·13927 22"1 25479 17840 7713 ·731" 
8 88 ·30630 ·22"5 ·51~'' .... 1 •15'17 2U .. 2'119 290 109 •7304t 

' 81 ·3o.l0 •30630 71S71 ·17906 22929 327S9 2SO" 1192 •UIS& 
10 " ·lW4 •ll.,, ., .. ·I .... 23001 ~23 27850 7917 ·SU~ 
11 0 875" ·199U 14271 3"23 50794 12,. · •Ul12 
12 0 8~99 ...... 11167 36$23 476t0 10251 •3&131 
ll 0 8~" ·1"" •ou 36523 42541 7"' ·2UIO 
If 0 17599 ·lt9U 3060 36523 39513 6433 ·19747 
IS 0 ., .. ~19964 0 ~Sll 36523 S1U -usn 
u -n 71869 ·17'74 0 32113 32813 &041 •lOSU 
17 ·II 70138 •15914 0 29243 29243 312S •7419 
11 ·II 6!COI •llffS 0 25603 2S60l 2379 -son 
19 ·88 52671 ·1200S 0 21963 21'63 177'5 . ·32'S . 
20 ·II 4lU8 •IOOa 0 11323 18!23 12ft •1977 
21 ·81 3~218 ·8026 0 14684 !USC '" •1019 
22 ·88 26488 ·o037 0 !IOU I IOU 517 •"3 
23 ·81 177'B ·•047 0 1•o• H04 3'2 •lSI 
24 ·81 9021 ·2057 0 3764 37U 151 0 
25 ·91 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VI I I. ECONOMIC ANALYSIS 

D. CWS Burning Diesel Locomotive 

.. MlUDM '11 ••• 1 • m ~ m-. ~ > lOOO ~ • < ts m u 

M.LDMIU CAPITA&. CQST ADDO II,OOOIIIW Loa! I ru.no 
RAlLJDAD • TOTAL LOCO F1JIT I 21 .. (Rtf) 

CAll • LoaJIOTIY[ F\JIT SUE I 565 

a vosuasTAIIMD DimL 1 15.001 

m-. F\JIT DF'2 uso rtal 1 1 31 ou= lbf) 

WI • DF'2 I LOCO ( 000 t•ll I 30'.20 

ITU I LOCO 1101"10 I 4. 1f IM1TJIIT IIPIEtlATUI 
SOOI.L 

Fill.. uvi• 10001 10 ILIDITtY£ 1 

"· f7l 
YOI 1 15.001 

2 22.001 
MilT cOST aaoorooo1, avr1YR avo LIFt 1 . 22.t47 3 21.001 

4 2J. 001 
PlAIT C.ITAL COST I 000 ' I 40519 s 21. oot 

10Tt1 AU I II TJIIIISAIDI 
Loal! Lota co,, ~ TOTAL .... DisauTD 
~ IJN£rnlrf IJnAm. Y£AI ~n MIIT.CST "IIIV. TAr lET E~. SIN N£1, ¥t1. CIIU.JTI\f 

YEM !Ia R£T D Irnoct IMSnlll IMSlW UYIIIII SAY I IllS CR.+ Dl'l "SAYI .. WI! FUll CAll FI.OI CAlM FUM --
1 ,. ·18296 ·24f10 ·43206 5416 ·12 .. 7302 2271 ·llW ·llW ·nw 
2 " ·182'16 ·112f6 10973 ·2536 74t5 &SS. ·•276 .,,,. ·39014 
3 56 ·lm6 ·156.0 ·lmt am ·• Jl764 W3 ·15l" ·JI61l ' ·506f7 
4 ,. ·112" ·112'6 21945 ·5073 12470 9JU 3214 2160 -4ISSI 
5 " ·182" ·112'6 274l1 -~· 14165 JJll' m1 4150 ·Ulll 

• ,. •18296 ·24f10 ·43206 m•• ·760' !SUI llt67 ·13571 ·6747 ·51135 
7 ,, ·18296 ·182'6 31404 ·1171 1&210 .,.., JJ921 51!1 ·ISm 
8 " ·182" ~156t0 ·m56 431'1 ·101 ... 152ft lim ··43! ·16-4 ... 142 

' " ·112'6 -1m6 4m'7 ·11414 14231 20500 ""1 sm •40761 
10 ... ·1mt ·1"30 5m3 •lm5 .)4'41 mil 174'2 4912 ·JSm 
11 0 '5m3 ·12m 1132 22911 31113 ,... ·2m2 
12 0 5m3 ·12m 6m %2911 2m4 t4ll ·21493 
13 0 5m3 ·12m ~n 22'11 2 .. 74 4 ... ·16301 
14 0 5m3 ·12m 1m %2911 24907 ~ ·124410 
15 0 ssm •lm5 0 mil mt1 32 .. ~12 
16 .,. .... 7 ·11521 0 20704 20704 25" .... 7 
17 .,. Ulll ·1025' 0 11'26 11426 1f6t ..... 
II ·56 •• .... 1 0 , .... 16UI 1501 ·3191 ,, .,. 33401 ·7723 0 13170 13170 1121 ·2G77 
20 .,, 27922 ·6454 0 um um llS ·1262 
21 .,. 22435 ·5116 0 9l1S 9315 "' ·693 
22 ·56 ''"' ·llll 0 7031 7037 374 ·319 
23 .,. ll'tl ·2650 0 4m •m 220 ·" 24 .,. 5976 ·1311 0 2411 2"1 100 0 
2'S ... ' 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VII I. ECONOMIC ANALYSIS 

D. CWS Burning Diesel Locomotive 

" UlLMII 'tl. •• 1 " "% ~ TOTAL Fl.m > 3000 If ' < 15 YM OIJ 

AI.La.AJJ CAPITAL COST ADDD !I,OOOIOif LOCO I m.•n ... fi!T'Il ll!i-----··· asss- .................... 

UILJOAD • TOTAL LOCO FUIT I 2S.f IAtfl 

ca• • LDCOIIGTtVI n.m sm 1 1210 

a YOU STAIIMI DtEStl. 1 15.001 

mAL FliiT W'2 usa tull • .. 51o.m IAtfl 

CAll • DF2 I LOCD 1000 9111 • 307 ... 

ITU 1 LOCO rto1·1o 1 &.24 IMSTJIIT DmlttATUI 
SQOU 

FUEL savt• 10001 l'ff.M ILDCalllttY£ 1 ..... 2 YIM 1 15.001 
2 Z%.001 

MilT aliT ADDO 10001 I AVI/TI OYP L.IFt· I 22.119 J 21.001 
4 . 21.001 

PlMT CAPITAL cn!T ( 000 I I 78"2 5 21.001 

IICTta ALL • II TlCIUSAIIDI 
LD LOCO COAL llltOC TOTAL ... Dtseauml 
~ IMSTJIIT liiFlASTR. YEM FUEL NAIIT.CST •t.V. TAl MET £IP, StlfU ms. vaL CUUJttYE 

YEAR OJ RET Dlm£11CE l11Y£Snllt llMSTllll SAYllt&S SAYIIISS CW. + D£Pt ·sAYIIm CAll FUll CAll F1.0I CAll FUll 

----.------------------------------···--····---·------········· 
1 121 •45714 ·41~4 ·"Ill IUS& ·2m 15"' mo ·12m ·72"' ·12ft' 
2 121 ·45714 ·&m4 25309 ·57•1 172U 1~40 -tmo ·1Stl5 • .,.4 
3 121 ·41114 ·303" ·70112 mu ..... 2U02 15110 . ·lmt -aa. ·11U29 
4 1%1 •&5714 ·45714 50t17 ·11511 2no4 21010 4259 2100 •111329 
5 121 ·•m• ·45714 mn •1&&76 me1 263" 1lll2 1m ·10lU2 

• 121 ·45714 ·41354 ·'4UI = ·17372 li7&7 31U9 ·25711 ·12111 ·11~45 
7 121 ·&5714 •&571& ·20207 n .. , lUI' 24574 10i2& ·1*21 
I 121 ·45784 ·3om -a112 101235 ·23102 ""' &21,. 142& m •105015 

' 121 ·&571& •4571& 11111' ·20051 mao &7&29 35031 1U!2 ~ 
10 121 ·&!11& •&5714 12i5&l ·2m3 mn ru" 401i1 llfli -C211 
11 0 12i54l ·219!3 2U S2i" 7m7 11177 -~ 
12 0 120543 ·21m 1~05 m" 01'04 1M10 .. mo 
13 0 126543 ·219!3 .... m" 01544 11503 ·S7121 
14 0 1205&3 ·2m3 4423 52i" S71Z% 9214 ·a&U 
' . 0 121543 ·2m3 0 S2i" SU" 7441 ·20ftS .. 
1i ·121 lllll' ·UOSI 0 &7&2t 41&2' sm •lSI .. 
17 ·121 101235 ·23112 0 &215' &21St &50S ·lO..l 
11 ·121 81510 ·20207 0 ~ l6llt l421 ·1m 
1. ·121 75'26 ·17372 0 3101. 31019 ms ... ,. 
20 •121 03272 ·14476 0 2~49 2U&9 1151 •212'7 
21 ·121 50617 ·11581 0 21010 21010 1211 •t53t 
22 ·121 37•03 ., ... 0 !SilO 1910 140 ·6" 
23 •121 2530. ·S7tl 0 10540 105&0 &17 ..212 
24 •121 12iS4 ·21.S 0 5270 5270 212 0 
~ ·121 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VIII. ECONOMIC ANALYSIS 
o. CWS Burning Diesel Locomotive 

SF1 RAILROAD FIB. MO. 1 • 66% OF TOTAl FLEET > 3000 HP • < IS TRS OLD 

ALLOWAIL£ CAIITAL COST ADDER lt,OOOlp1r LOCO • 229.140 
···········-----------------········----····· 

RAILROAD • TOTAL LOCO FLEET • 

CASE • LOC~OTIY£ FLEET SIZE 1 

DCRR VERSUS STAlDARD DIESEL 1 

3950 I Rtf I 

U06 

20.001 

TOTAL FLEET DF% USED '9•11 I 6S2249114 (Rifl 

CASE • DF2 I LOCO COOO q•ll • 281.70 

BTU I LOCO 1101.10 I l.SB INYEST~•T DEPRECIArtD• 
SCH£DIU 

Fur. SAYIN&s rooo1 tYEAR tLoco~rtvE 1 92.181 

~AINT COST ADDERIOOOI,.AVEIYR OVER LIFE 1 22.82S 

PLANT CAPITAL COST I 000 l : 87995 

LOCOS LOCO COAL PROC TOTAL 
PRCHSD INYEST"NT INFAASTA. YEAII FUEL 

YEAR OR RET DIFFAEHCE IHYEST"NT IHYEST~H SAYIH&S 

YEM I ".001 
2 22~001 
l 21.001 
4 21.001 
s 21.001 

NOTE: ALL I IX THOUS~DS 
ANNUAL DISCOUNTED 

ftAIHT.CST •INV,· ~AI NEi EIP. SlftPLE PRES.YAL CURULATIYE 
SAYTHES CRJ D£P.R ·~A~N&S tASH FlOW CASH FtOW CASH ~OW 

---······-------------------------------------------------------------------------------------------~·····---
I 100 ·3U62 ·54029 ·90691 14749 •3652 15327 5992 ·09372 ·69372 ·0'372 
2 160 ·3ooo2 ·looo2 29498 ·7304 15374 .11985 ·9304 ·7753 ·7712S 
3 160 ·lho2 ·33966 ·70628 44247 •!09~6 . 24407 .17977 -mu •IU14 ·'t739 
4 100 ·3o"2 ·36662 5899, ·14608 2S646 23970 12953 7496 ·99243 
5 uo ·!oU2 ·36662 nns -·lB2oO 2VOJI 29962 22331 . 10709 ·7147& 
6 160 ·36662 ·54029 ·90091 . 81CH . •21912 mu 3S9SS ·21794 ··8758 -anl2 
7 160 ·3ooo2 ·36662 103243 ·2SSH . 292f0 . 'H947 "34564 "1)576 -7~656 

9 160 ·l6Ui ·33966 ·70628 . 117.992 ·2921S 31490 47939 . HOI 24" ·73200 
~ 160 ·3oU2 ·!6662 "1~741- ·l2967 2fli7 S39~2 4i4S7 . 10804 :-623U · 

10 166 ·38037 ·38037 148043 ·366S6 29264. '·119149 51375 . 9957 -~2-439 

II 0 148043 ·306S6 1nss 601ft . 77104 . "17SB2 '•398~ 

1.2 0 148043 ·36056 1.039 60149 · : ·7CI88 1985 ·2'172 
.. 13 . 0 148043 ·366S6 7216. .0149 673~S ms . ·21317 

14 0 148043 ·36056 3674 . 60149 63823 5'6S ·16352 
IS 0 148043 ·30656 0 60149 60149 468S .-11667 

.u ·100 133294 ·33004 0 54157 541S7 3515 ·8152 
17 ·UO 11854S ·29lS2 0 . 48164 . 48164 2605 .,.7 
18 ·160 103796 ·25700 0 42172 42172 1901 ·3H6 
19 . ·160 89047 ·22049 ~ 3ot7• 36179 1359 ·2287 
20 ·160 74298 ·18397 0 30187 30187 945 ·1342 
21 ·160 59549 ·14H5 0 Hl94 241H 631 ·711 
22 ·100 uaoo ·11093 0 18202 18202 390 ·l15 
23 •160 30051 ·7UI 0 12210 12210 221 ·94 
24 ·uo· 15l02 ·l789 0 0217 6217 94 0 

2S ·166 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VIII. ECONOMIC ANALYSIS 

D. CWS Burning Diesel Locomotive 

IN RAILROAD FII. NO. 1 ~ 6ol OF TOTAL FLEET > 3000 HP • < 15 YRS OLD 

ALLO~Ail£ CAPITAL COST ADDER !I,OOOlptr LOCO 1 

---------------------------------------------
RAI~OAD • TOTAL LOCO FLEET : 2593 

CASE • LOCaftOTIVE FL££T SIZE I 12'2 

DCA• vtRSUS STAlDARD DIESEL I 20.001 

TOTAL FLEET OF2 USED !ql1l I 514750379 

CAS' • DF2 I LOCO !000 qlll I 351.30 

ITU I LOCO 110lAIO I 4." 

FUEL SAY!N&S !0001 /Y~ /LOCOftOTlVE I Ill. 891 

liAlNT COST ADO£R!OOOl, AVE/YR OYER LIFE • 22.219 

PLANT CAPITAL COST I 000 l : 80841 

298.743 

!Rtf l 

lhfl 

NOTE: ALL ' IN THOUSANDS 

INVEST~T DEPRECtATION 
SCHEDUI.£ 

YEAR I 15.001 
2 22.001 
3 21.001 
4 21. oot 
5 21.00% 

LOCOS LOCO . COAl PAOC 
PRCHSD INVEST!IIIT INFRASTR. 

TOTAL ANNUAL DISCOUNTED 
YEAR FUEL IIAIIIT.CST •t-~cv:.·.ru NET EIP •. SI!IPLE ?RES. VAL CU!IULATM 

YE~R OR RET DIFFREMC£ INYEST!INT INVEST!IN SAV!N&S. SAVIN&S ·CA. •. DEPA ·sAY!II&S CASH FLOW CASH FLO. CASH FLOW 

------------------------------------------------------~----------~---------------------------------------------
I 124 ·37044 ·53321 ·90365 13874 ·27"' 15272 o004 -uon. ·b9089 -mn 
2 . 124 -37044 ·l70U 27749 -nt"~ ,, 1~&05 12009 ~9630 ·902~ ·77114 
3 124 ·37044 -33521 ·705o5 41o23 ·B2oo 2-UO& · 18013 ·28148 ·19547 ·90061 
4 124 ·37044 ·37044 55498 ·11021 ·-.2S709 24018 12083 7340 -stn2 
5 124 -37044 ·37044 U312 ·13(70 29134 30022 22111 tooo3 ·78058 
b 124 ·37044 ·5ll71 ·90365 83247 .. um 329H 36026 ·21344 ·8578 ·87236 
7 124 ·l70U ·37044 97121 -mao 29379 42031 343o5 11509 -~727 

B 124 ·37044 ·33511 ··705115 1109" ·22042 31560 48035 9031 1570 ·71707 
9 124 ·37044 ·37044 124170 -2m1. . 29288 54039 4o283 10704 ·o2Ul 

10 126 ·•7H2 ·37042 138'68 ·2759T '12923! 60141 5-17H t002o ·~Z4'17 

II 0 138968 ·27597 . 17783 60141 7H23 mas -nm 
12 0 t389U . ·l7,97 . ·"HOlt. 60141 74172 9'83 ·29849 . 
13 0 138908 ·27597' .7215 6a14t on" 7554 -:lm5 
14. 0 tmoa ·27597 :3ll6 60141 63111 5W •1 .. 33. 
15 0 138968 ·27597 0 60141 oOI41 4084 -111150 
16 ·124 125094 ·24841 0 541311 sam 3514 -8136 
17 -124 111219 ·2208&· 4 48132 &81l2 2603 ·SSl2 
18 ·124 97345 ·19331 0 42128 42128 1899 ·3034 
19 ·124 93470 ·111576 0 3ot23 3ot23 1~57 ·2277 
20 ·124 ~q~q6 ·13&20 0 30119 30119 U3 ·1334 
21 ·124 ~5722 ·IIOo5 0 24114 24114 m ·705 
22 -124 41847 ·8310 o· 1st io 18110 lH ·311 
23 ·124 27973 ·55!5 0 12106 moo 21~ -'2 
24 -124 140q8 ·2800 0 0101 olOI 92 0 
25 -m 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VIII. ECONOMIC ANALYSIS 

D. CWS Burning Diesel Locomotive 

CR RAILROAD 'IS. NO. 1 • !3% 0' TOTAL 'LEET > 3000 HP • < 15 YRS OLD 

AlLO»Atl£ CJIITAL COST AaDEJ II,OOOl~tr LOCO 1 184.300 

------------------·--------------------------RAILROAD • TOTAL LOCO FLEET 1 2447 !Rtfl 

CAS£ • LDCOftOTIVE 'LEET SIZE I 492 

DCRR ·VERSUS STANDARD aiESEL • 20.001 

TOTAl FLEET D'2 USED 14~11 1 290376SSS _IRtfl 

CASE • D'2 I LOCO 1000 4~1 I • 272.00 · 

BTU 1 LOCO 1101·1o • 3.75 

FUEL SAVIN&S 10001 /YEAR ILQCOftOTIVE I 89.686 

ftAINT COST.ADDERIOOOI, AVEIYR OVER ~IF! I 22.901 

PLANT C~PITAl COST I 000 J 1 33209 

NOTE: ALL I IN THOUSANDS 

INYESTftEXT DEPRECIATIO• 
SCHEDULE 

YEAR I I 5. 001 
2 22.001 
3 21.0o1 
4 21.001 
s 21.001 

LOCOS LOCO COAL PROC TOTAL ANNUAL DISCOUNTED 
PRCHSD INVEST~NT IMFRASTR. YEAR FUEL ~AINT.C'ST •tNY. TAl NEi (IP. SIN'LE PRES.VAL CUftULATIVE 

YEAR OR RET DIFFRENCE INVESTftNT INVEST~N SAYIN&S SAYIN.S CR.+ DEPR •SAVIN&$ CASH FLOW CASK FLOV ~SM' FLOW ·- . 
---------------------------------------------------------------------------------------------------------------

1 49 ·9031 ·20390 ·2'421 4l9S ·H22 4972 1767 ·22682 ·22U2 ·22U2 
2 49 ·9031 ·9031 8789 ·n•.4 ·~o~ . . l~34 ·993 ·827 ·..Jno• 
l " ·9031 ·12819 ·21949 13184 ·3306 7U9 ·~301 · •f100 •tl19 ·29828 
4 " ·9031 ·9031 17S78 -4489. 74S2 7068 5490 3117 ·2U~2 

5 " ·9031 ·9031 '21973 ·Shl1 82oS n3o 1070 . 3892 ·22160 
0 49 ·9031 ·20390 ·2'421 2o3U '•6733 f141 10603 •9077 ~3048 ·2U08 
7 49 ·9031 ·9031 l'a762 -ms 83S9 12370 11698 3918 .•22490 
a n .qm ·12819 -21849 ·35157 ·8977 9Ul 1'm U81 &13 ~22077 

9 n ·9031 ·~9031 ·39m ·10099 . 8324 15904 15198 IS3' •18S42 
10 S1 ·9399 ·9399 ·um ·112117 '8327 17743 16071 .,231 ·U311 
11 0 . um •11267' 4807 f7743 225SO 3642 •I 1609 
12 0 4412~ ·11267. 3891 17743 21034 ·f'l2 ··87" 
13 0 um ~H2D7. 1780 17743 19524 2190 -osu 
14 0 U125 ·H2b7 908 17743 tam 1743 4 4825 
15 0 44125 ·11207 0 17743 17143 1312 •3U3 
16 ·49 39131 ·1014S 0 15970 IS976 1037 ·2406 
17 ·49 3S33o ·9023 0 14209 . 14209 709 •1637 
11 ·" 30H2 ·7901 0 12442 12442 5U -1076 
19 ·49 2o547 .. 67n 0 101175 10675 401 ·675 
20 ·49 221~2 -~057 0 8908 8908 279 ·397 
21 ··~ 17758 -4534 0 7141 7141 186 ·210 
22 ·49 13303 ·l412 0 5373 5373 117 ·H 
23 ·49 8909 ·2290 0 lo06 l606 65 ·28 
24 ·49 4574 •II OS 0 1839 1839 28 0 
25 -51 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VII I. ECONOMIC ANALYSIS 

D. cws Burning Diesel Locomotive 

CSI U!UW Fl&. 110. 1 • 33% OF TOTAL FLEET > 3000 HP ' < IS YRS OLD 

ALLOlAil£ ~ITAL COST ADDEI II,OOOiptr LOCO 1 231.3U 

-----------------------------------RAILROAD • TOTAL LOCO Ft.EET • 3218 IRtfl 

CAS£ • LOCO"OTIYE rLEET SIZE I 883 

DCRR VERSUS STUDARD DIESEL • 20.00% 

TOTAL FLEET DF2 USED 19•11 1 462417920 IAtfl 

CASE - DF2 1 LDCD 1000 e•ll 1 lO •. OO 

IT\1 1 ~oca 1101 6 1o 1 4.26 INV(ST~£1T DE1RtCIATlON 
SCHDIU 

FUEL SAYIN&S 10001 /YEAR /LOC~TIYE I n.2o6 YW 1 IS.OO% 
2 22.001 

"AINT COST ADDERIOOOI, AYE/YR OYER LIFE 1 22.609 l 21. oot 
4 21.001 

PLANT CAPITAL COST I 000 l 1 58717 s 21.001 

NOTE: ALL I Ill TIIOUSAIIDS 
LOCOS LOCO COAL PROC TOTAL ANNUAL DIUIITD 

PRCH$0 INVEST"n tNF~ASTR". rr.u · · n.rn· "~!NT.C1T AINV. TAl NET CI~. SII!PlE ,lfM,.YI1l CUMATIYC 
YEAR OR RET DIFFRENCE INYEST"NT ·INYEST"N SAV!M&S· ·SAVIN&$ CR. • DEPII 6 $AVIH65 CASH FLDM CJSH rLO~ CASH FLO~ 

-------------------~--------------------------------------------------------------------... --------------------
I BB ·20H4 ·!o05l ·57027 87!0 .·1·990 9U8 31140 ·437SO ·U7~ ·4~5~ 

2 88 ·20974 ·i~H 17UO ·lt~ nu • 721f ·U7' ·U4' -:47lU 
l 88 ·20974 ~22665 ·43.39 li190 ·nn· 15006 109-20 ·17713 ·123.0.1 ·5 .. 99 
4 u· ·20'74 ·20t74 349%0 .. •"Sl 15496 14S60 908L 52~ ·544 .. 
5 BB ·20,74- ·20f74 4~,1 ·9941 17418 181t4 1464! 7.0U ·47_~ 
0 BB ·20'74- ·36053 ·57027 52J81 ·U9l1 20028 21W ·151'-4 -o0'-2 ·5~15 
7 81 ·20971 :.zo•n U~·H •13W . 1751' 25~9 22088 7397 ·'607 .• 
B 88 ·209H -22U5 ·43lr39 .,..t ·1~91~ 19059- 2.9119 A 53& 1U7 -~~u~ 
9 u •20.74 . ·20'74 71571 -11m 17522 32759 29_30l. 0816_ ~37995 

10 91 -~16" ·21689 a7'n .. J9964 1751' l65~l 12372 6nA w3H.U. 
11 0 s75n ·19964 10403 30523 U98i· 75&8 ·24133 
12 0 ,7,99 '"u Bll7 36523, UBIIA .Oli ·1•on 
ll 0 87599 ·1"64 4121 36523 40_&44. •Ut. . ·llSl~ 
14 0 87599 ·19964 2095 36523 l8U8 3.09 ... 21-
15 0 87599 ·1'9904 0 36523 30523 284~ ·7013 
10 -aa 78869 ·17974 0 32883 32Ul· 2134 ·49U 
17 •88 70.138 ·15'14 0 29243 29243 1512 ·3~7 

18 ·88 61408 ·13995 0 25603 25603 1154 ·221~ 
19 ·88 52678 ·12005 0 21903 2196l. 825 ·1311 
20 ·88 43948 ·10016 0 18323 18323 574 ·814 
21 -sa 35218 .gQ26 0 1411&4 IU84 383 -431 
22 ·88 20488 -oon 0 11044 11044 240 ·191 
23 ·88 17758 ·4047 0 7404 7404 m ·57 
24 ·88 9028 ·2057 0 3764 376' 57 0 
25 ·91 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VIII. ECONOMIC ANALYSIS 

D. CWS Burning Diesel Locomotive 

NS RAI~ FIS. 10. 1 • ll% OF TOTAl FLEET > 3000 ~ ~ < IS YRS OLD 

AlLOMAil£ CA#ITAL COST ADDER fi,OOOlptr LOCO 1 217.99S 

··------------------------·---··--·········--RAILROAD • TOTAL LOCO FLEET 1 2141 fRtfl 

CASE • LOCO~OTIYE FlEET SIZE I 

DCRR VERSUS STAMDARD DIESEL 1 20.00% 

TOTAL FlEET DF2 USED fq~ll I 310263302 lbfl 

CASE •. DF2 I LOCO 1000 g•ll I 304.20 

sru 1 Loco r1o1·1o 1 4.19 

FUEL SAYIN&S 10001 /YEAR /LOCO~TIYE I 97.971 

"AINT COST ADDERIOOOl, AVE/YR OVER LIFE I· 22.647 

PLAHT CAPITAl COST f 000 l • 40569 

IIOTEz AlL I I• THOUSANDS 

INYEST~T DEPRECIAT!Ol 
SCII£DUU 

YEAR 1 15.00% 
2 22.00% 
3 21. o01 
4 21.00% 
s 21.00% 

LOCOS LOCO COAl PROC TOTAL ANNUAL DISCOUNTED 
PRCHSD !IIYESTI!NT IHFRASTR. · YEAR·· F~EL ,IIA!MT.CST ·rw. TU IIET EIP. Sl"'LE PRES.YAL- CUIM.ATI.YE 

YEAR OR RET O!FFRE~E IHYtsT~ · !HYtST"II SAYIII&S ~AY!If&S CR.+ DEPR ~.SAYIH_&S CASH FLOW tASH FlOW CASH FlO_M 
---------------------------~----·-------------------------------------------------------------------..-.-------.. 

::·2S,o7 I • so ·12208 ·24910 ·l711-7 54a6 ~1268 o27l 2278 ·2"6T ·28S67. 
2 . 56 ·12208 ·12208 10973 ·2,36 5819 . 4~6 •.1833 ·.1527 ·300" 
3 56 ·12208. ·I 5600 ·278tJ7 

. 
16459 ·3JO' 'm II.Bll ·115~1 · ·.19.n -aon 

4 56 ·12208 -mol . · 2194S ·5073 9j41 91.1.1 p5S2 3791 ·34291 
5 56 ·12208 ·12208 J7~3; -u4j tom 11389 J937 4192 ·2'"' 
0 56 ·12208 ·24910 ·371 11 32911 -7699 i2~59 13607 ·10892 ·U77 ·3lJ76 
7 56 ·12208 •1~26a lU04 ·8878 10870 15f45 !4607 -4192 -n•" 
8 56 •12208 ·l5bb0 ·27867 4ll9t. ·10116 118" 182'22 2244 626 ·28358 
9 56 ·11208 ·1220& ~937f ·1 1"414 1~~7 20~ 191~0 4U7 ·2391·2 

10 61 ·13291 ·13298 ·sS3S3 ·12795 109'0 ~981 20.2"3 3n7 ·t9fiS '. 
11 0 55353 ~12795 6396 229fl 2937. ms ·.15170 
12 0 S53S3 ·12795 5'1 S6 22911 ~8137 3717 ·11383 
ll 0 5~353 ·1279S l4t4 22981 2544S Ze54 '•8!29 
14 0 55353 ·12795 121S 22'11 24266 nos ·6261 
IS 0 SS35l ·12795 0 22981 22981 1790 ·4471 
10 ·56 498117 ·IIS27 0 20704 20704 1344 ·3128 
17 .,. 44lll. ·10259 0 18426 18426 9f7 •21ll 
18 ·56 38894 ·8991 0 16148 16148 1'28 ·1403 
19 ·56 33408 .. 7723 0 13870 13870 521 ·112 . 
20 ·56 27922 ·6454 0 11592 11592 363 ·Slt 
21 ·56 .22435 ·5186 0 9315 9315 243 ·276 
22 ·56 10949 ·3918 0 7037 7037 m ·124. 

23 ·56 11'113 ·26SO 0 4759 47" a. ·37 
24 .•56 mo ·1381 0 Het 24il l7 0 
25 ·U 0 0 0 0 0 0 0 
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COAL BURNING lOCOMOTIVE STUDY 

VIII. ECONOMIC ANALYSIS 
D. CWS Burni~g Diesel Locomotive 

UP RAILROAD FI&. MO. I ' 661 OF TOTAL FLEET > 3000 HP • < 15 YRS OLD 

ALLDWAILE CAIITAL COST ADDER II,OOOlptr LOCO 1 249.050 
---········---------------······-············ 

RAILROAD • TOTAL LOCO FLEET 1 2509 IRifl 

CASE • LOCO"OTIYE FLEET SIZE • 1280 

DCRR VERSUS STAMDARD DIESEL 1 20.001 

TOTAL FLEET DF2 USED '~•11 • 465106829 !Rtf l 

CASE- DF2·/ LOCO 1000 ~·11 I 307.66 

BTU I LOCO 1101*10 I 4,24 IMYESTNEMT DEPRECIATION 
SCI!tD~ 

FUEL SAYIM&S 10001 /YEAR·/LOCOftOTIY[ • '8.862 YEA I I 15 •. 001 
2 22.001 

ftAINT COST ADDERIOOOI, AYE/YR OVER LiFE. • 22.619 3 21.001 . 
4 .21. 001 

PLANT CAPITAL COST I 000 l • 787~2 ' 21. 001 

NOTE: ALL • IN THOUSANDS 
LOCOS LOCO COAL PROC TOTAL ANNUAL D!SCOUM.TED 

PRCHSD !IIYESTIIIIT !NFRAS~. YEAR FUEL "A!NT.CST *!NY, TAl NEi EIP. SIIIPL£ PRES. VAL CU"'JUJIYE 
YEAR DR RET DIFFRENCE INYEST~T !NVESTftll SA\IIH6S SAY!H6S CR, + DEPR AS.lYIN&S CASM FLOl. CASJI FLOW CASM FUIW 
----------·------~------------~--------------~----~~-~~~~~·~~~9··············-------------------------------~-y . . . 

I 128 ·31878· ·483~4 ·80232 12654 ·2995 13559 5270 ·61403 ·61403 ·61403 
2 129 ·31878 ·!1878 25309 ·5791 mo1 10~40 ·78l2 ·m• ·/J929 
3 :a ·31978 •lOlvt :62277 379a3 -Bh86 "21~01 15810 ·249U •17337 ·-uu·, 
4 128 -31879 ·l1S7S 50617 ·11581 22520 21080 11721 ;7•3 .··JJ4a• 
5 128 • 31878 ·31878 63272 ·14476 25.459 2UH 19930. "11 -~72. 

o 128 -31878 ·48.l~4 ·80232 75.926.. ·17372 28960 316U ·19653 ·7Ni ·7~10 
7 128 ·31878 . ·.31878 88580 ·20267 25"2 36889 30 .. 3 10219 -~·~ 9 128 ·li878 ·l0l91 -~2271 101W -23104 21o;o 421~9 7543 . 2105 •Ull6. 
9 128 ·31878 ·31878 113883 -26~8. ~$599 47&?9 41150 9570. ·5~6 

10 128 ·31878 ·31878 126543 ·289~ 25459 '"52699 46280 8.969 -~, •. 41:" 
II 0 m543 ·29953 15401 5Un 68100. 109-'.8 ·.~, 

12 0 126543 ·28953 1217~ 52699 64874 8731 -~117 

u 0 126543 ·28953 6159 S2U9 5BB58 UOl .-.JJsu: 
14 0 126543 ·28953 lO" S2U9 SS771 5213 ·fUOl 
IS 0 126543 ·2i9~ 0 52Ut 52t99. 41~ •lOUt 
a -128 113889 -26058 0 47429 l7429 307"8 -~~20 
17 -128 101235 ·23162. 0 '2159 42159 2210 ·4840 
18 -128 88580. ·20267 0 36889 36BB9 "u -lln 
19 ·128 75926 ·17372 0 31619 31019 1181 -1m 
20 ·128 63272 ·14476 0 Zi1349 26349 825" ·ILU 

21 ·128 50o17 ·11581 0 21080 21080 550 ~115 

22 -128 37963 ·9686 0 15810 15910 3U ·271 
2l -128 mo9 ·5791 0 10540 10540 191 -so 
24 ·128 12o54 ·2895 0 5270 ~270 so 0 
25 ·l2B 0 0 0 0 0 0 0 
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COAL BURNING LOCO~OTIVE STUDY 

VIII. ECONOMIC ANALYSIS 

E. CWS Burning Gas Turbine Locomotive 

SF1 RA~ FIB. MD. 1 • 661 OF TOTAl FlEET > 3000 ~ • < 15 YRS O~D 

AI.LOIAI\.£ C»ITAI. COST ADDER II,OOOlptr ~OCO • ~6.097 

-------·--······-·········-------------------RAILROAD • TOTAL LOCO FLEET 1 3950 IRtfl 

CASE • LOC~OTIYE FlEET SIZE I 1606 

ocn vmus STMDMD DIESEl 1 t5.oos 

TOTAL FLEET DF2 USED 19111 • 652249114. IRtfl 

CASE. DF2 I LDtO 1000 9111 I 281.70 

sru 1 LOCO rto1·1o 1 ·5.73 

FUEL SAYIIISS cooo1 /YEM t~DCOPIOTIYE 1 83. n1 

~INT COST ADDER!OOOl, AY[/YR OVER LIFE 1 2.921 

PLANT CAIIT~ COST I 000 I • 120152 

NOT'£: Al~ I I • THOIJS ~liDS 

IlrYESTJDT D9REtiATIDII 
SOOL£ 

YEM I 15.001 
2 22.001 

. 3 21.00l 
4 21. OOl 
5 21.00l 

LOCOS LOctl COAt. P~C TOTAL AMUM. DISCDUITD 
PRCHSD INVEST~ INFRASiR •. YEAR 'UEL "AI•T.CST •Iwv. TAl ~E: EIP. SINPLE PRES.YAI. CURULATIYE 

YEAR OR RET DIFFRENCE INYEST"'T INYEST"M SAY!It&S SAYIN&S CR. • DEPR ·smii&S CASH F1.0II CASH FUJI CAlif FI.DI 

-----------------------------------··········--· .. ····--------··---·---·---------------------------1 160 ·50976 ·73773 ·1l0749 1339S ·&69 22097 6980 •10I6n ·toan -1oan 
2 160 ·5 .. 76 ·56976 26m ·937 22161 13961 ·20154 ·IM •lltlt7 
l 160 ·56976 ·46379 ·103354 40196 -1-.o6 35863 20941 ·46"0 ·3Slf8 ·154m 
4 160 ·56976 ·56976 5~81 ·1175 38222 27922 916t 6029 . •141367 
5 160 -~6976 ·56976 669n ·2343 43513 34902 21UO 1229 ·13t10t 
6 160 ·56976 ·7:s713 ·1307C9 80372 ·2812 48854 41883 ·40012 ·19"3 ·1S.002 
1 160 ·56976 ·56976 9l7U ·3281 43852 488U ID40 15-s1 ·1tm1 
8 160 ·S6916 ·4tl79 ·tom• 107163 ·37 .. 40871 55843 ·640 ·2·1 ·140,.1 
9 160 ·56976 ·50976 120"8 ·4218 43726 62824 ""' a206 •124585 

10 1" ·59112 ·59112 134456 ·4704 ·43874 70066 54821 1596 ·109000 
11 0 134456 ·4704 26974 70066 97040 23'17 -nou 
12 0 13US6 ·4704 21198 70066 91264 19617 -65396 
13 0 134456 ·4704 11214 70066 81210 151'2 •50204 
14 0 134456 ·4704 5710 70066 15776 12316 ·l7H9 
15 0 134456 ·4704 0 70066 700" 9902 ·27986 
16 •160 121061 ·42l5 0 63086 63016 1m -20234 
17 •160 107665 . •3767 0 56105 S.IOS '"' •l42ll 
18 ·160 94270 ·3298 0 49125 &9125 4565 -9673 
19 ·160 80875 ·2e3o 0 421U 42144 3405 ·6267 
20 ·160 '"" ·2361 0 l5164 35164 2471 ·3797 
21 ·160 ~4084 -:n2 0 :em 28183 1722 ·%075 
22 ·160 40688 ·1424 0 :::o3 :m3 11:7 ·U8 
23 ·1110 :ml -·~~ 0 14223 14223 651 ·291 
24 ·160 1zsn ·48, 0 7242 7242 291 0 
25 ·166 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VI I I. · ECONOMIC ANALYSIS 
E. CWS Burning Gas Turbine Locomotive 

• •atLJDAD FII. MD. 1 • 61% OF TOTAL FLEET > 3000 HP • < 15 YRS OLD 

ALLDIIAILE c.,n~~_ cosr ADDP rs,ooolptr ~oco 1 l74.7U 
............................................. 

RAILROAD • TOTAL LOCO FLEtT 1 2593 (Rtf I 

CASE • LOCOftOTIVE FLEET SIZE 1 1242 

DCU vmus STAnMD DIESEL 1 15.001 

TOTAL FLm on uso '9•11 • 5U75ol7' 1.141 

CAit • DF2 I LOCO (000 9111 I 3SI.30 

ITU I LOCO 110la10 • 7.29 IMSTREIT DmttiATIOII 
SQUW 

Fun SAVIIIh 10001 "EM /LotmtOTIVE I •.•• 493 YUI 1 15.001 
2 22.001 

"AIIIT COST ADDER 10001, AVE/YR OV£11 LIFE I 8.521 3 21.001 
4 21.001 

PLA•T CAPITAl COST I 000 ) I 118577 5 21.001 

NOTE: AU • t• TMOIJS~IIDS 
LOCOS LOCO COAL PRot TOTAl AUUM. DISCOIIITD 

PRCMSD !MST""T !IIFRASTR. YEAR FUEl "AliT.CST AIIIY. TAl liE! EIP. SI~E ,R£S,VAL CURULATIYE 
Y~ OA RET OlFPRtNtt !NV~$rw.T INVEST"" SAV!II&S 

'· 
SA~IJII&S CR. • DEn ·sAVI.U CASH Flll CASM FLO. CASH FUIM 

------------------------------------------·------·-------------------------------I 124 ·46471 ·72801 ·119277 12m ·1057 20158 10'1 ·93021 ·93021 ·93021 
2 124 ·40411 ·46471 24174 ·2113 19'25 1218l ·14li4 ·12490 ·10,18 
3 124 ·••m ·45771 ·92242 l7011 ·3170 31814 18274 -mn ·3117& ·13m2 
4 124 ·46471 ·40471 49349 ·4221 33200 24366 110" 729! ·1300., 
5 124 ·46471 ·40471 it IIi ·5213 l7471 30&57 214.S . 12272 ·117m 
6 124 •41471 ·7280i ·119217 74023 •6340 42750 36549 ·39979 ·19877 ·137702 
7 124 .·46471 ·40471 8Ui0 -rnl l7813 &2140 33913 1&692 ·123010 
8 124 ·40471 ·45771 ·•2242 '"" •1453 40792 48732 ·2718 ·1022 ·124032 

' 124 ·46471 ., . .,, lU034 ·9509 l7i89 54123 40041 15051 ·101911 
10 12i ·47221 ·47221 12~70 ·10583 l7iOS i!Oll 51397 14610 ·9t370 
11 0 12mo .. 10583 22668 61013 8368l 2DIIe -7~1t 

12 0 123570 ·10583 1n61 61013 78974 16975 ·56711 
u 0 12mo ·10513 9051 61013 70004 no" •43615 
14 0 123570 ·10583 4562 6101! 6!!1! iO.SB ·3mB 
1! 0 123'S70 ·10513 0 61013 Ia lOll IUl ·2•m 
a ·124 111233 •'52. 0 '"22 54922 6750 ·17585 
17 ·124 98896 ·8470 0 48830 48830 5218 •12367 
18 ·124 86559 ·7413 0 427~ 42739 3972 ·ll" 
19 ·124 7&222 -6~7 0 31647 3oo47 2961 ·5434 
20 ·124 61885 •5300 0 30~6 30556 2147 . ·3217 
21 ·124 H547 ·4243 0 2U14 2Ui4 1495 ;.1m 
22 ·124 :7:1o ·3187 0 18373 1B3n · 976 ·816 
23 •124 24873 ·2130 0 12281 12281 567 ·249 
24 ·124 :"36 . ·1074 0 6190 6190 249 0 
~ -1" 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY. 

VI I I. ECONOMIC ANALYSIS 
E. CWS Burning Gas Turbine Locomotive 

CA RAILROAD 'IS. MO. 1 - !:% OF TOTA~ FlEET > !000 HP • < IS YRS OLD 

AlLOMAIL£ CAPITAL COST ADDER rt,~OOlptr LOCO • lOo. 120 ..................... ________________________ 

RAILROAD - TOTAL Locn FLEET • 2447 !Rtf I 

CAS£ • LatOIIOTt Y£ FlEET S tiE • 4'2 

DaR vtnlJS STAIDARD DIESEl. • 15.00% 

TOTAL FlaT D'2 USED !tall • 290:16555 I Rtf I 

CASt • DF2 -1 LI)Cg 1000 t•l I • 2n.oo 

BTU I LOCO 1101.10 • 5.53 IIVESnoT DE'MCIATIOI 
SCIUIU 

FUEl. SAYI.SS 10001 /YEAR /LOCOfiOTtY£ • 81.724 YEAR 1 15.00% 
2 22.00% 

~INT COST ADDER!OOOI, AY£/YR OVER LIFE • 2. 221 l 21.001 
4 21.001 

PLANT CAPITAL.COST I 000 I • 4~345 ' 21.00% 

NOTE: ALL I ! • TIIOUS ~liDS 
LOCOS ~a co COAL PROC TOTAl AlflftiAI. DISCOUITD 

PRCHSD INVEST~ INFRASTR. YEAR F'IIEL "AI•T.CST •tNV. TAl NEr EI,, S!~E PRk"$. YAL. CUJIIA.A Tl Y£ 
YEAR OR RtT DIFFREMCE INVESTWMT INVEST"N SAVIN&S SAY!N6S CR.+ DEPR ·s~viiiU CASll FLOII CASH ~ CASH FlO. __________________________ _. ...................................................... ·--·-·--··---------------···· 

I n ·15029 ·27842 ·42871 4004 •109 7245 2104 ·!~22 -3~22 ·m22 
2 49 ·15029 ·15029 8009 ·218 .. ,. 4207 ·l9U ·3429 ·3bt52 
3 49 ·15029 -mol ·32!ll 12013 -l2o 111b0 ol11 ·I!Oo1 -11~ ·&13&0 
4 .. ·15029 ·15029 16018 -4~ 11425 8415 4811 l1ol ·45177 
• 49 ·15029 -m2• 20022 ·544 127" 10511 8286 4737 ·&0~ .. 
0 49 ·15029 ·27842 ·42871 24027 ·o5l 14813 12o22 ·15437 ·7o7S ·48114 
7 49 ·15029 •15029 21031 ·r.2 129~ 1472o 12o21 5456 ·420SI 
a 49 ·1S029 -mol ·l2m 32036 ·i71 l~H 16129 ~al9 ·616 ·43274 
9 49 ·15029 ·15029 360~ ·919 12877 18933 10781 5486 ·37m 

10 51 ·1S.43 ·15643 40201 ·1093 12~ 21122 18:80 5225 ·32564 
11 o· 40208 ·1093 7629 21122 28752 7107 ·25457 
12 0 40208 ·1093 6106 21122 27228 5852 ·19604 
13 0 40208 ·1093 2963 21122 24085 4502 ·15103 
14 0 40208 ·1093 1511 21122 22633 3679 ·ll424 
IS 0 40208 ·1093 0 21122 21122 2m -8439 
10 ·49 3o204 ·984 0 19019 19019 2337 ·6102 
l7 ·49 :2199 ·87S 0 lUiS 16915 1101 -·~· 18 ·49 28195 ·766 0 14811 14811 ll7o ·2'118 
!9 ·49 24190 ·657 0 !2708 12708 1027 •1891 
20 ·49 20186 ·549 0 10604 10604 745 ·1146 
21 -n 10181 ·UO 0 8500 !500 519 ·62o 
22 -n 12177 ·331 0 6397 11397 340 ·287 
23 ·49 8172 ·222 0 4293 4293 198 ·88 
24 ·49 4108 "Ill 0 2190 2190 88 0 
25 ·51 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VI I I. ECONOMIC ANALYSIS 
E. CWS Burning Gas Turbine Locomotive 

CSI RAILROAD FI&. NO. I - 3:1 OF TOTA~ rLEET > 3000 HP • < I~ YRS OLD 

A~LOWAI~E CAPITAL COST ADDER IS,OOOlptr ~OCO 1 342.402 
------·-·······-·····------····-············· 

RAILROAD · iOTA~ ~OCO FLEET 1 3218 IRtfl 

CASE - ~OCO"OTIVE F~EET SIZE I 883 

DCRR VERSUS STANDARD DIESEL 1 1~.001 

TOTAL FLEET OF2 USED IQill • 462417920 I Rtf l 

CASE - DF2 1 ~ceo 1ooo Q&ll 1 309.00 

STU I LOCO 1101"10 • 6.28 IIIV£STIIDT DEPRtCIATlOII 
SCKEDUI.£ 

FUE~ SAVIN&$ 10001 /YEAR ILOCO~T!VE • 89,~42 Y£ .. 1 15.001 
2 22.001 

"AINT COSi ADOERIOOOl, AVE/YR OVER ~!FE 1 U22 3 21.001 
4 21. oot · 

P~ANT C~PI'AL CCST ( 000 ) I 80175 5 21.001 

HOT!: ALL ' Ill THO\.'S~NDS 
~OCDS ~ceo COA~ PROC TOTAL ANIIUAL DISCOUNTED 

PRCHSD INVESi~NT INFRASiR. YEAR FUEL P!AINT.CST "!NV, TAI NE1' EIP. St~£ PRES. VAL CUIIULATrVE 
YEAR OR RET DIFFRENCE !HVEST"NT INYEST"N SAVINSS SAYIN&S CR. • DEPR ·~~·JtN&S CASH FLaM CASH FLOW CASH FLOW 
•••••••••••••••••••··~··••••••••··~~~~~P.••••••••••••••••••••••••••••••••·•··~c~---····••••••••••••••••••-----••• 

I M -~0\31 ·&9229 -m~q 7So2 ·433 1~412 4012 ·o19l6 ·•m• ··1·3· 
2 as ·30131 ·30131 15724 ·Bh 13123 8023 ·9985 ·7813 ·U749 
3 ee ·30131 ·!0948 ·11107' 23586 ·1299 21038 12035 ·2800. ·21177 ·•0925 
4 99 ·30131 ·30131 31448 ·1733 218,0 16047 7705 5106 ·8!820 
5 8a -:olll •30131 39311 -21b6 2n1• 20031 14545 m• •77503 
6 89 ·30131 -n228 ·793~' 47173 ·2599 28183 24070 ·27107 ·13477 ·90980 

' as -:01~1 ·30131 55035 ·3032 24845 28082 22795 9855 ·81125 
8 Be ·30!31 ·30H8 ·6107' 62897 ·3465 20i59 32093 ·2127 ·800 ·819Z5 

' 89 ·30131 ·3om 707" -m8 24761 36105 30734 10047 ·71877 
10 91 •ltm ·lim 7BBB9 ,4346 24792 &0253 33887 9633 ·02245 
11 0 78889 .•4340 . 148, 40253 55128 13627 ~48618 
12 0 78889 ·4346 11&21 40253 52074 11193 ·37425 
13 0 78889 ·4346 5921 40253 46174 8Uo ·28795 
11 n 78889 ~4346 3010 40253 43263 7031 ·21763 
15 0 7888' ·&340 0 102~3 40~53 5U9 •1.074 
u ·-as 71027 ·3913 0 30:42 36242 4454 ·11620 
17 -as 63165 ·3480 0 :2230 32230 3444 ·8176 
18 -sa 55303 ·1047 0 28218 28218 2622 ·5554 
19 ·88 47441 ·2614 0 24207 24207 1956 ·35'1 
20 ·88 J9579 ·2180 0 20195 201" 1419 ·2179 
21 ·58 3i7111 ·1747 0 16183 10183 989 ·1190 
22 -:a ::s54 ·1314 0 1Zl72 12172 647 ·543 
23 ·SB !~192 ·681 0 3too 8100 377 ·160 
24 ·88 am ·448 0 4148 4148 167 0 
25 ·91 0 0 ~ 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VI I I. ECONOMIC ANALYSIS 
E. CWS Burning Gas Turbine Locomotive 

IS RAIUIGAI FII. MD. 1 • ~3% OF TOTAL FLEET > 3000 HP • < 15 YRS OLD 

ALLDMAil£ CAPITAL COST ADDER 11,0001'" LOCO • 320.505 

------------------···-----·-------·-------··· RAILROAD • TOTAL LOCO FLEET • 2148 !Rtf I 

CASE • LOCOPIOTrvt FlET SIZE • 565 

Den VERSUS STAQMD DIESEL • 15.00% 

TOTAL FLEET DF2 USED l41ll • l1026!302 !Rtf I 

CASE • DF2 I LOCO 1000 4111 • 304.20 

BTU I LOCO 1101•1o • 6.19 IJV£5~ DEPRECIAT!OR 
SCIQtl£ 

FUEL SAYII&S 10001 /YEAR /LDC~TIYE • 88.3!4 Y£M 1 1!.001 
2 22.001 

"AINT COST ADDERIOOOI, AVE/YR OYER LIF! • 4.572 r 21.001 
4 21.001 

PLANT CAPITAL COST I 000 l • ss:•5 ' 21. OCt 

NOTE: ALL • II THOUSA"DS 
LOCOS LOCO CCAI. PROC TOUL AMUAl DISCOUJm 

PRCHSD INYEST"NT IMFRASTR. YEAR Fun "AIIT.CST •tNY. TAl NE! El,, SINPLE PRtS.YAL CU"ULATIYE 
YEAR OR RET DIFFRENCt INVES~T lNVEST"N SAYIN6S SAYIN&S CR.+ DEPR ·s~YIISS CASH FLOif CASH FlOW CASH FLOW . 

--------------------------------------······--------------·····---------·-····-------..------------------------
I !6 ·17948 ·34013 ·51901 4948 ·2!6 8781 ~534 -406 .. ·406 .. ·406 .. 
2 " ·17941 ·17948 9896 ·!12 . 8292 5067 ·451' ·3"' ·444137 
3 " -17948 -21:83 . -nm 14843 ·708 !3483 7601 ·11247 ·13791 ·51434 
4 " ·17948 ·17948 19791 ·1024 13767 10134 5953 39U ·54520 

' " ·17948 -17948 24739 ·12!0 15402 12UI 10122 5717 ·41133 

' " -17941 ·34013 ·51961 29687 ·1536 17865 mot ·188" -9394 ·58127 
7 56 -17948 -17948 34tlS ·1792 1m• tn!S 1534! 6634 -sun 
8 56 ·17948 ·21ll3 -39!31 39582 -2048 16950 20269 -2112 -794 _,%217 

' 
,, -17948 ·17948 uno ·2304 1!501 22802 20354 6654 ·&!6l3 

10 61 -1m1 ·111,1 49920 ·2!83 15673 rn62 21b84 6164 ·39&U 
11 0 49920 ·2!83 9246 2,62 34107 1.04 •3016! 
12 0 n•2o ·258l 7422 25562 32914 7090 ·23775 
13 0 . 49920 -2!83 3622 2,62 29114 ''" ·18l21 
14 0 n•2o ·2!83 1889 2"62 27&!1 &461 ·138" 
IS 0 49920 ·2!83 0 25S.2 25562 3613 ·10247 
a ·56 &ni2 ·2327 0 23028 23028 2830 -7417 
17 ·56 &0024 ·2071 0 zons 20U5 2190 -=22• 
11 ·56 3,076 ·1815 0 17961 17961 1669 ·3m 
19 ·56 =em -1~~9 0 1~&28 15428 1247 ·2311 
20 . ·56 25!81 ·1303 0 12894 121'' 906 ·140! 
21 ·56 ..... .,. 

~~..·.: .. ·!~H 0 10!61 10361 633 ·712 
22 ·56 •«•:ot ..... ·H! 0 7827 1827 '16 -356 
2: ·56 ... .;,/ -~!~ 0 !2•: 5293 245 ·Ill 
24 ·56 m1 -~79 0 :760 2760 Ill 0 
25 ·61 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VI I I. ECONOMIC ANALYSIS 
E. CWS Burning Gas Turbine Locomotive 

UP RAILROAD Ftl. MO. 1 ~ oo% OF TOTAL FLEET > 3000 ~ • < 15 YRS OlD 

~LOMAILE CAPIT~ COST ADDER II,OOOlptr LOCO • m.ssa 
--·--·········--···············--············ 

RAILROAD • TOTAl LOCO FLEET 1 2509 lRtfl 

CASE • LOCO"DTIVE FLEET SiZE I 1280 

DCRA YERSUS STAWDAAD DIESEL 1 1~.001 

TOTaL rL![T Or% USED l~all • •o!l0i829 (fttfl 

cast • DF2 1 Lota 1000 ,,1, • :o1.u 

BTU I LOCO 1101.10 • o.2o IIYtS~T D~CIATIOI 
soau 

FUEl SAYINSS (0001 /YEAR /LOCO~TIY£ I a•.oo7 ytM 1 15.001 
2 22.001 

"AIMT COST ADDERIOOOl, AY£/YR OYER LlFE • 4.82• 3 21.001 

• 21.001 
P~ANT CAPITAL COST I 000 l • 107531 5 21.001 

NOTE: ~L • II TI+OUS~IIDS LOCOS LO~ CO~ PROt TOTAL AMIUAL DISCOUMm 
PRCHSD !NYEST~T INFRASTR. YEAR FlJEL "AlNT.CST •tNV. TAl NET EIP. SiftP\.E PRES.YAL CU~ATIY£ 

YEAR OR A£T OIFFRENC£ l.VESTKNt INYUTIIIN SA~tld! SAVINI! CA. • D!PA "SAYIMIS CASH ,UW WM ~011 CUM 'lDII 
~•·•••••--•••••••••••••--•••••--•••••••ae¥~••~•••••••••--•••••• .. ••--•••••w• .. ...._• ·-·----·--··-·-

I m ·4S7o7 ·611024 ·111 792 11401 ·ota 18893 5823 ·87o7o ·8707o •8707i 
2 128 ·457i7 ·457o7 22801 ·1235 19048 11i't ·150,. ·ll108 ·1001 .. 
3 128 ·4S7i7 ·41507 -sn74 34202 ·18!3 l0180 114o. ·3••u ·2•••3 ·130146 
4 128 •457i7 ·45767 45002 -2no 31787 232'1 9311 '"22 . ·12"'24 
s 1l8 ·45707 ·45767 57003 ·3081 3o017 29114 m•• 11071 ·112953 
6 128 ·45707 ·06024 •111792 01"'3 ·3705 40~7 3nl7 ·3iOS7 ·17921 ·130179 
7 128 -&~7~7 ·457117 79104 ·4323 Ul21 407oO 31l13 lmf :-ttn42 
8 128 ·45707 ·41507 ·87274 91205 -n4o 39022 '0583 ·t••• •i28 ·117969 

' 128 ·4~707 -&57.7 i02.05 -ssn l•lOI Sl"'' 4214t 1.001 ·103'U 
10 m ·•5707 ·457o7 11400o ·om 36017 58228 .. .,. 13711 --0182 
11 0 114006 ·o175 2i•os 58221 10133 19101 ·703, 
12 0 11&0oo ·U75 17273 51221 7!501 to229 ·5•1-. 
13 0 IUOO. •6175 11'2 ,.Z%8 61071 12m 41610 
u 0 11&0oo ·6115 4421 5Ull UoSO 10182 ·31428 
15 0 1:4006 ·o175 0 58228 58221 am ·23191 
10 ·128 I02oo5 ·5558 0 5240o 5240i oUO •li758 
17 ·128 91205 -n•o 0 '0513 •o513 .. 78 ·11710 
18 ·128 79904 ·4323 0 •o7oo 407.0 me ·7992 

" •128 U403 ·3705 0 34937 34937 2823 ·51o9 
20 ·128 ~~003 ·3088 0 29114 29114 20U ·3124 
21 ·128 451102 ·2&70 0 23291 . 23291 1423 ·1700 
22 -1~8 :&202 ·1853 0 17469 174U 928 ·772 
23 ·128 ~2901 ·1235 0 11046 11i4t 538 ·234 
24 ·128 11401 ·illS 0 5823 5823 234 0 
25 ·128 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VI I I. ECONOMIC ANALYSIS 

E. CWS Burning Gas Turbine locomotive 

SF1 RAlLJDAD FIB. NO. 1 ' 66% OF TOTAl FL[ET > 3000 HP ' < 15 YRS OLD 

AI.LOHit.E C.,!TAI. COST ADDD rs, ooo' ur LOCO 1 2n.u5 

----------·---·-·······--------········------RAUJCAD • TOTAL ~ceo FLEET 1 3950 I Rtf I 

CAS£ • LOCOftOTIVE FLEET SIZE • 1606 

DCU YOSIJS STAIDARD DltSn • 20.00% 

TOTAL FL£Ei DF2 USED 1e1ll • o52249!!4 IRtfl 

CASE. DF2 I LOCO 1000 gill I 281.70 

BTU I LOCO IIOI•to I 5.73 I IMST'IIEIT DrPittC l A TI Ill 
soo.u 

FUEL SAYliiS 10001 /YEAR /LOCDftOT!VE I 83.7:! YEM 1 15.~ 
2 22.00% 

ftA!MT COST ADDrRIOOOl, AVE/YR OVER L!FE • 2.929 3 21.00% 
4 21.00% 

PLANT CAPITAl COST I 000 l • 120152 5 21.00% 

NOT[: ALL I IN THOUS~NDS 
LOCOS LOCO COAl PROC TOTAL AlniUM. DISCDUim 

PRCHSD INVEST"'T INFRASTR. YEAR ~[L ftAIJT.CST •fNV. TAl NE~ EIP. SIItel.E PlttS.VAL CUWULATlVE 
YEAR OR RET DIFFR£NC[ lNVESTftNT !NVESiftN SAVINSS SAVINGS CR.• DEPR ·s~viM&S CASH FLOW CASH FLOW CASH FLOW 

-------------------------------------------------------------------------------------- ---------
1 tao ·38l75 ·73113 ·!!2H9 1:395 ·469 189~ 6980 ·86215 ·80215 ·8U15 
2 160 -nm ·38375 2om .q!7 !78!S 13961 ·6580 -~483 ·91h98 
3 160 ·38!75 ·46379 ·84754 40t8a ·t40a 29041 20941 ·34772 ·24147 •115145 
4 100 ·38375 ·38375 53581 ·1875 29603 ~7'%2 19150 11082 ·10&743 
5 !60 ·3837, ·3Bl7'5 "'" ·2343 33097 34902 29624 I42Sh ·90477 
6 160 ·38375 -nm ·112149 80!72 ·2812 38438 4!883 ·3!828 ·12791 ·10l268 
7 160 -nm ·38375 9!768 ·3281 33436 48863 43924 14710 ·8859 
8 160 ·38375 ·46l79 ·84754 107163 ·3749 364" "8C3 . 75U 2105 ·864~ 
9 160 ·lam •38l75 120SS8 ·4218 . 33310 62824 577.59 13.433 ·73020 

10 1 .. ·39114 ·39814 134456 ·'704 m40 70066 63592 12325 ·60695 
II 0 134456 ·4704 19631 70066 89697 14480 •46209 
12 0 il'456 . ·4704 15740 70066 85806 11548 ·34660 
13 0 t3445a •HOC 75~ 700 .. 77619 8705 ·259" 
14 0 ljU56 ·'704 3846 70066 73912 6908 ·1"9047 
15 0 134456 ·4704 0 700U 70066 5457 ·1!S90 
16 ·160 121061 ·423'5 0 63086 63086 4095 ... ., 
17 ·lbO j 01665 ·!167 0 56105 56105 30l5 ·6460 
18 ·ItO 04i70 ·l298 0 49125 n!21 22U ~4246 

19 ·i60 90875 ·2830 0 42144 42144 1583 ·2h63 
20 ·160 o7 419 ·2361 0 !SI64 35164 1101 :..1562 
21 ·160 ~·esc ·1892 0 28183 28183 7!S ·827 
22 ·160 •ooas ·1424 0 21203 21203 461 ·366 
23 ·1110 ~i293 ·9S5 0 14223 14223 :sa ·109 
24 ·160 :la•s ·486 0 7242 1242 109 0 
2S ·IU 0 0 0 0 0 0 0 
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COAL BURNI~G LOCOMOTIVE STUDY 

VI I I. ECONOMIC ANALYSIS 

E. CWS Burning Gas Turbine Locomotive 

Ill RAti.AOAD n&. NO. 1 • 11111 OF TOTAL FlEET > lOOO HP • < IS YRS OLD 

AL~O~ASLE CAPITAL COST ADDER lt,OOOlptr LOCO • 242.707 
·····················-·········-------------· 

RAILROAD - TOTAL LOCO FLEET • 2S93 IRtfl 

CASE - LOCO~OTtVE FLEET SIZE • 1242 

DCR~ VERSUS STAADARD DIESEl • 20.001 

TOTAL FlEET DF2 USED l~ill • S14T50379 l~tfl 

CASE - OF2 I LOCO 1000 q&ll • 3SI.30 

BIU I LCtO 1101.10 * 7. 29 lRVE5Tft£Rf DEPREttATtOM 
SCKEDUU 

rutL·SAV!NGS 10001 IY[AA ILOCOftOTIVE • 99;n3 Y£A~ 1 tS. Gel 
2 22.001 

"A!NT COST ~~OERIOOOI, AVE/YR OVER LirE • 8.521 3 21.001 
4 21. ooi 

P~ANT t~Pl~AL COST I 000 ) I 119~77 ~ 21.001 

NOTE: ALL ' Ill THOC!~NOS 
LOC~S LOCO COAL PROC TOTAL AIIIIUAL DJSCOUWm 

PRCHSD !NVEST"NT !NFRASTR. YEAR FUEL "AINT.CST ·Ixv. TAl NET EIP. SI,.,LE PRES.YAL CU~LATIVE 
YEAR OR RET DIFFRE~CE lNYESi"NT !NVESTIIN SAYIN&S SAYIN6S CR.• DEPR ·:~V!NSS CASH FLOW CASH FLOW CASH FLOW 

----------------------------------------------------------··---------------------------------------------------1 1:4 ·3009b -7280o ·10~902 12~37 ·1057 17390 11091 -79420 ·7 .. 20 -79420 
2 1:4 ·)00911 ·30096 24674 -;113 1,00 12183 ·2&13 ·2011 -81431 
3 124 -~0096 ·45771 -mu 37011 ·3170 25807 18274 -j1784 ·22073 ·103503 
4 124 -~oo•6 ·30096 49349 ·4226 25611 243611 19882 11506 ·91998 
5 124 ·30096 ·30096 1111186 ·5283 28308 30457 28670 13826 ·71171 
0 124 ·300~6 ·72806 ·102902 74023 ·6340 33579 36549 -32774 ·13171 -91342 
7 124 ·3oo•& ·30096 8113110 ·7396 28643 42UO 41188 137'4 -77549 
e 124 -~009& ·45n1 ·758116 98697 ·8453 31622 48732 4487 1252 : ·762'16 
9 124 ·3009& ·30096 111034 ·950'1 28519 54823 53246 12383 ·63'13 

10 1211 -3om ·30581 123570 ·10,93 28390 111013 58822 11400 ·S2513 
11 0 123~70 ·10583 u2:8 111013 77251 12416 ·400311 
12 0 123570 ·10583 1jl90 61013 742Dl 9987 ·30049 
13 0 12l570 ·10583 5861 111013 611875 7!00 ·22549 
14 0 123570 ·10583 2954 111013 63967. 597' -a57o 
I! 0 123~70 •10583 0 61011 610U .,,2 ·IIIli 
to ·124 111233 ·9526 0 ~4922 54922 356S ·8254 
17 ·124 988'& ·8470 0 48830 48830 2041 ·5612 
18 ·124 811559 -7413 0 4:739 42739 19U ·lb86 
19 ·124 74222 ·6357 0 361147 311047 1311 -~310 
20 ·124 61885 ·5300 0 30556 30556 9!6 ·1353 
21 ·124 n~n -424) 0 2&464 2UH 1118 ·715 
22 ·124 . 372:0 -ji97 0 !9373 18~73 399 -llo 
23 ·1,4 ~4873 ·2130 0 12281 12281 222 ·93 
24 ·124 12~311 ·1074 0 ~190 6190 93 0 
2S -m 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VII I. ECONOMIC ANALYSIS 
E. CWS Burning Gas Turbine Locomotive 

CR RAILROAD FIB. NO. 1 - 33% OF TOTAL FLEET > 3000 HP • < IS YRS OLD 

ALLOMAJL! CAI!TAL COST ADDER !t,OOOlptr ~OCO : 190.290 ------·· . .. ------------········ 
RAILROAD • TOTAl LOCO FLEET : 2447 !Rtfl 

CASE • LOCOI!OTIVE FLEET SIZE • 492 

OCRR VERSUS STANDARD DIESEL • :o.oot 

TOTAl FLEET DF2 USED '9•11 • 290376555 !Rt4l 

CASE • DF2 i LOCO (000 g•ll I 272.00 

BTU I LOCO !IOJAIO • 5.53 INVESOOT DEPRECIATION 
SCMEDUU 

FUEl SAVIN6S !0001 /YEAR /LOCO~TIVE • 81.724 YEAR 1 15.001 
2 2:.001 

I!AINT COST ADDER!OOOl, AVE/YR OYER LIFE • 2.221 3 21.001 
4 21. 001 

PLANT CAPITAL COST ! 000 l • 45!45 ' 21·.001 

NOT!: AU. • I II THOUSAIIDS 
LOCOS LOCO COAL PROC . TOTAL ANNUAL D!SCOUIITO 

PRCHSD INVESTI!NT INFRASTR. YEAR FUEL "AINT.CST AIHV. TAX NE! EXP. SII!PL£ PRES. VAl CUflJU TIVE 
YEAR OR RET DIFFRENCE iNVEST""T !NVESTI!N SAVINSS SAV!NSS CR.• DEPR ·:AVINSS CASH FLOV CASH FLOM CASH FLOW 

-------------------------------~----------------------------------·--------------------------------------------
1 49 ·9324 ·27842 -mu 4004 ·109 6281 2104 ·28781 ·2878L ·28781 
2 49 ·9324 ·9'3:4 aoo9 -~18 5337 4207 220 183 ·28,99 
• 49 .;!:4 ·17503 -:oa~a 12013 -~26 9068 6311 ·11449 ·7951 ·36549 
4 49 ·'324 ·9324 10018 ·435 8782 8415 7872 mo ·319'3 
~· 49 ·9~24 ·'!H 20022 ·544 9602 10518 10796 5206 ·26787 
0 49 ·9324 ·27842 ·l7106 24027 ·653 11018 1:622 ·12927 ·5195 ·31982 
7 49 -9324 ·9lZ4 28031 -762 91l0 14726 151ll 5067 ·26914 
9 49 ·93:4 ·17503 ·26828 3:036 ·S71 10809 10829 971 243 ·26071 
9 49 ·93:4 -;m 36040 ·979 9682 18933 19291 uso .. mas 

10 51 ·9705 ·970S 10208 ·1011l 9660 21122 21084 40U ·18099 
11 0 40208 ·1093 53" 21122 2m1 4279 ·13819 
12 0 40208 ·1093 U30 21122 i:55S2 3439 ·10380 
13 0 40208 ·1093 1838 21122 22901 ~m. ·7805 
14 0 40208 ·1093 937 21122 2i:060 2062 ·5743 
15 0 40208 ·1093 0 21122 21122 1645 •4098 
16 ·49 36204 -984 0 19019 . 19019 1234 ·2BU 
11 ·49 32199 ·875 0 10915 10915 915 ·1949 
IS ·49 28195 ·706 0 14811 14811 068 ·1281 
19 ·49 24190 ·657 0 12708 12708 4n ·804 
20 •49 ~0186 -549 0 10604 10604 332 -472 
~I ·49 16191 ·440 0 8500 8500 222 ·250 
22 ·49 12177 ·331 0 6397 6397 139 -111 
23 ·49 a1 :-2 ·2Z2 0 4:93 4293 78 ·33 
24 ·49 4icS ·113 0 2i90 mo )3 0 
:s -~1 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VII I. ECONOMIC ANALYSIS 
E. cws Burning Gas Turbine locomotive 

AU.OIIAJU WITIL COST ADDO ti,OOOiptr LOCO • 219.564 
................ 

RAIL.JW • TnTM. LDCD F'lEEi I me !Rtf I 

CASE • LOCOIIOiiYE F'l£ET SIZE • 813 

DCRR YPSUS STAIDARD DIES£!. • :o.oot 

TOTAL F'l£ET DF2 um 1911> I 462417920 !Rtf I 

CASE • DF2 I LOCO 1000 9111 • 309.00 

BTU I LOCO 1101•10 • 6.21 tiYESTJDT HPCIATIDII 
soo.u 

FUEL SAVUI&S I 000 I I YEAII /LOCQIIIT I VE • 89.342 YUI 1 1S. 001 
2 22.001 

IIAIIT COST ADDP 10001 I AY!/TR D't'D LI'I I 4.'%% ' 21.001 
4 21.001 

PLAMT CaiiTAL COST I 000·1 • aom s 21.001 

NOT£: ~ • t• TMOOSIIIDS 
LOCOS LOCD COAL PROC TnTAL AtiiiAI. DJSCOUITD 
PRCM~ INVEST'IIII'T IInAm. YEAA FUEl. ~I•T.CST •1wv. TAl NEi EI,, SIN "'15. YAL CIMJUTIVE 

YEAR 011 RET D I FfREICE IIIYES'TJIIIT !IIY£51llll SAY!IIIS SAY tillS CR. • Dm •SAY till CAlM Mil CAIN ~~ WM '1.01 

---------------------------------------------------------------------------·------1 88 -m22 ·49228 ·US49 7862 ·4n uses 4012 ·5m3 ·5m3 ·52'53 
2 88 ·i9l22 ·19n2 iS724 ·866 10203 8023 ·1096 ·•13. -m.. 
3 a a ·i93%2 ·30948 -502U 2'!S86 -1m 11013 120~ ·211~ •UtU ... ,.2 
4 88 ·19322 ·19322 31"8 -1m 16841 16047 135U m1 ·60111 
s BB ·19322 ·19322 39311 ·2166 1e~s ~0051 1930% not ·S140~ 
0 88 ·19322 ·49%28 ·6BS49 mn -2m 22129 24070 ·2%~ ·8982 ·60l1S 
7 88 •19n2 ·19322 55035 ·lon 18~1 21012 2m1 9227 ·S119 
a 88 -m22 ·30941 ·502U 628" ·3US 20eo. 320'3 2~30 734 ·50424 
9 88 ·19322 ·19322 1om ·3191 18707 36105 35491 8254 ·42170 

10 91 ·1"10 •19910 , .... ·UU 11676 40%53 l1949 7S49 . •l4U1 
11 0 78819 ·4346 10611 40253 SOl~ 8215 ·26401 

. 12 0 , .... •4346 ·~ .om ~ 6512 ·19124 
13 0 11an ·4340 m7 40%Sl 440~ 4940 ·14114 
14 0 1888' ·4346 1930 402Sl 42113 3'43 ·10941 
15 0 7188' ·4340 0 40253 40253 3135 •1106 
16 ... 71021 ·n13 0 l6242 li1242 23S2 ·5454 
17 "" •laS •3410 0 32730 32%30 17l3 ·3111 
11 •81 55303 ·3047 0 28218 28211 1272 ·2•:• 
19 ·88 47441 ·2614 0 24207 24207 ~ •1530 
20 ... 3'5" ·2110 0 20195 20195 632 ..., 
21 ·88 31716 ·1141 0 16113 lUll 42% ·4" 
22 ·88 2~854 ~1314 0 12l72 12172 2~5 ·211 
23 -n :~992 ·881 0 8160 1160 141 ·63 
24 ·88 8130 -u8 0 4148 4141 63 0 
25 ·91 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VI I I. ECONOMIC ANALYSIS 
E. CWS Burning Gas Turbine Locomotive 

ALLOMliL£ CAPITAL COST ADDER !I,OOOlDtr LOCO I 197,, 
..•.•..••.•..•• 

RAI~ • TOTAl LOCO 'L.££T I 2148 !Rtf) 

CASE • LOCOftnTIVE FlEET SIZE • SIIS 

DCRR YEW STAQARD DIESEl. • 20.001 

TOTAL FLEtT DF2 USED lg•l) I 3102113302 !Rtf) 

CAS£ • DF2 I LOa! 1000 gd l • 304.20 

BTU I LOCO !IOI•to • 6.19 IWGTl!EIT D£ltR£t IATlOII 
SODa.£ 

FUEl SAYIM&S !0001 /YEAR /LOCONOTIVE • 88.~4 YW I IS,OM 
2 22.001 

~I•T COST ADDERIOOOl, AVE/VA OYER LIFt • 4.572 l 21.* 
4 21.001 

PlANT CAPITAL COST I 000 l • 5~m s 21.0Ql 

NOT£: ALL I Ill THCUSAICS 
LOCOS LOCO COAL ~C TOTAL AllaJAI. DISCUTD 

~RCH!D INVEST~ !NFRASTR. YEAR ron "AIWT.CST •tNV. TAl NE: £IP. SI"'L! PRES.VAL C~ATIYE 
YEAR OR RET DIFrRENCE INVES~T !NVES'n!M SAY!It&S SAYIII&S CR.• DEPR ·s~v!IIIS CASH Fltw CAIN FlOII CAIN FlOW 
---------------------------------------------------------······--·····--······--------------~---------------

" ·110113 ·:4013 ·450711 n48 ·2511 71118 2~4 ·34924 ·34'24 ·3 .. 24 
2 511 ·110113 ·!!Col 9896 ·512 11431 ~Ob7 43S 3113 ·34S.I 
~ 56 ·11063 ·2l383 -~2446 !4843 ·708 10'57 7601 ·138n ·91144 •4420. 
4 56 ·11063 ·110113 !9791 ·1024 10576 10134 9U7 5583 ·llb23 
5 50 ·11063 ·11003 24739 ·1280 1154t 12001 !31St 6342 ·l%210 
6 56 ·110113 ·34013 ·45076 29687 ·15311 14009 15201 ·ISBOS ·6376 •3811511 
7 56 ·110113 ·11063 3UlS ·17'2 11703 . 17m 1831S 6154 ·-mos 
8 56 ·11063 ·21383 ·32440 395!2 ·2048 13095 2~269 9!8 256 ·32247 
9 50 ·t iOU ·11063 44530 ·2304 !IUS 22802 23384 5431 ·2UOI 

10 61 ·12051 ·!:OS! 49'20 ·2583 11713 2S562 :s2:5 4889 ·21920 
11 0 ... 20 ·2583 11491 25562 32053 5177 •1674~ 

12 0 4n2o ·2583 5367 2S562 30'2' 41113 ·12580 
13 0 49920 ·2583 2233 255U 27795 3117 ·9-.3 
14 0 49920 ·2583 11114 2S562 26no 2491 ·69115 
15 0 49920 ·2513 0 mu IDII2 1"1 •4914 
16 ·Sit 44972 ·2327 0 2~028 23021 un ··347t 
17 ·SO 40024 ·2071 0 204" 20'" 1109 ·2l11 
18 ·56 ,076 •IBIS 0 mu 17961 810 ·1561 
19 ·Sit 30129 ·1559 0 15421 15421 579 •912 
20 .,. mu ·llOl 0 121'4 12194 404 .. m 

" ·56 20233 ·1047 0 10361 103U 270 •301 
22 ·56 1!295 ·791 0 7827 7827 170 ·138 
23 ·56 :C337 -5~ 0 5293 52'3 96 ·42 
24 ·56 ~3QO -m 0 2760 2760 42 0 
:s ·01 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VI I I. ECONOMIC ANALYSIS 

E. CWS Burning Gas Turbine Locomotive 

UP' RAI~AD FIB. NO. I ' 661 OF TOTAL FLEET > 3000 HP • < I' YAS OLD 

ALLOMAILE CAPITAL :OST ADDER IS,OOOiptr LOCO • 23,,788 
··-·······························-········--

RAILROAD • T~TAL LOCO FLEET • :, .. lhfl 

CASE • LOCO~OTIYE FlEET SIZE • 1280 

DCRR ~ERSUS STANDARD DIESEL • 20.001 

TOTAL FLEET DF2 USED <t•ll • 46~106829 IR1fl 

CASE • DF2 I LOCO 1000 QAll • 307.66 

BTU I LOCO 1101 6 10 • 6.U IIIV£SOOT DEPRECIATIOW 
SCH£DUU 

FUEl SAVIN&S 10001 /YEAR /LOCOftCTIVE • 89.067 YEAR 1 1,.001 
2 22.001 

~AtilT COST ADDERIOOOl, AVE/YR OVER LIFE • 4.824 3 21.001. 
4 21.001 

PLANT CAPITAL COST I 000 l • 107~~1 ' 21.001 

NOTE: ALL I Ill THOUS~IIDS 
LOCOS LO~ COAL PROC TOTAL ANNUAl DISCOUNTED . 

PRCHSD !NVEST~NT !NFRASTR, YEAR Fun ~AIIIT.CST AlNV, TAl NET EIP. SI""LE PRES.YAl CUWULATIV£ 
YEAR OR RET D!FFRENCE !N~EST~T !N~EST!!N SA~lN6$ $AV!N&S CR.• DEPR ASAVIII&S CASH FLO. CASH FLO• CASH FLDM 

---------------------------······-----------------------------------···················------------------------I 129 ·30:81 ·U024 ·91120~ 11401 ·o18 16259 ~823 ·14124 ·74124 ·74124 
2 128 ·30181 ·30181 22801 -123~ 14837 11646 ·3699 ·3082 ·17206 . 128 -~0!81 ·41,07 ·71UI 34202 ·1853 :U63 17'69 ·2.,,6 ·201164 ·91870 . 
4 129 ·30181 ·30181 4S.02 ·2470 24564 232'1 17b7S 10228 ·87641 

' 128 -~0181 ·30181 57003 ·3088 27289 29114 26222 12646 ·74996 
6 128 •30181 ·06024 ·9620, 68403 ·3705 32069 34937 ·29199 ·11734 ·16730 
7 128 ·=0181 ·30181 79804 -mr 27593 40760 38112 12784 ·73947 
9 128 ·30191 -4m7 ·71688 9120, ·4940 30294 46583 ~189 1448 -12m 
9 128 ·10!81 ·30181 102605 ·55!8 27410 5?404 4970& 11560 -~939 

10 128 ·l018i ·30181 114006 ·6175 27289 ,1228 ,:36 10725 ·50214 
II 0 114006 ·6m 15810 58228 7&039 11951 ~38257 

12 0 114006 ·6175 12756 ~8228 70984 9554 ·28703 . 
13 0 114006 ·U75 5831 58228 uos. 7185 ·21518 
14 0 114006 ·6m 2915 ~8228 61144 5715 ·15804 
15 0 I i400• ·•m 0 58228 58228 453, ·112•8 
16 ·128 102605 ·55 58 0 5240!1 '2406 3401 ·7867 
17 ·128 91205 ·4940 0 46SU 40583 2520 ·Sl47 
18 ·128 79804 ·4323 0 40760 40760 1137 -mo 
19 ·128 68403 ·370, 0 34937 3U37 1312 ·2191 
20 ·12B 57003 ·30BB 0 29114 29114 m ··1287 
:1 ·128 45602 ·2470 0 23291 23291 608 ·679 
22 ·!2B 34202 ·1853 0 17469 17469 380 ·299 
23 ·128 22801 ·123' 0 :1046 11046 211 ·98 
24 ·128 11401 ·618 0 592j 5823 as 0 
25 ·128 0 0 0 0 0 0 0 
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COAL BURNI~G LOCOMOTIVE STUDY 

VI I I. ECONOMIC ANALYSIS 

F. CWS Burning Gas Turbine With Steam Injection 

SFt RAILROAD FIS. NO. 1 ~151 OF TOTAL FLEET>3000 KP l <1~ YRS OLD 

ALLO~ABLE CAPITAL COST ADDER IS,OOOlptr LOCO : 169.305 

---------------------------------------------
RAILROAD • TOTAL-LOCO FLEET • 3950 !Rtf l 

CASE • LOCOftOTIYE FLEET SIZE 1 363 

DCRR VERSUS STANDARD DIESEL • 15.001 

TOTAL FLEtT DF2 USED l91ll • 652249114 I Rtf! 

CASE • DF2 I LOCO 1000 g•ll • 302.20 

STU I LOCO !IOIAIO • 5.17 INVESTftENT DEPRECIATION 
SCHEDULE 

FUEl SAYINSS !0001 /YEAR /LOCOftOTIYE I 115.289 YEAR 1 15.00% 
2 22.001 

ftAINT COST ADDER!OOOl, AYE/YR OYER LIFE: 34.512 3 21.001 

• 21.00% 
PLANT CAPITAL COST I 000 l • 33684 5 21.001 

NOTE: ALL • IN THOUSANDS 
LOCOS LOCO COAL PROC TOTAL AMIWAL DISCOUNTED 

PRCHSD INYESTftiT INFRASTR. YEAR FUEL ftAINT.CST '!NY. TAX NET EIP. SlftPL! PRES.YAL CUftULAT!YE 
YEAR OR RET DIFFREHCE !NYESTftNT !NYESTftN SAY!N&S SAYIN&S CR.+ DEPR ASAY!N&S CASH FLOW CASH FLO~ CASH FLOW 

---------------------------------------------------------------------------------------------------------------1 36 ·6095 ·24642 ·30737 4150 ·1242 5195 1570 ·23972 ·239n ·23972 . 2 36 ·6095 ·3900 ·10055 8 ·2U5 4810 ·1338 ·6583 ·5724 ·29696 
3 36 ·o09S ·16962 ·23057 12451 ·3727 7883 4711 ·10463 ·7911 ·37607 
4 36 •6095 •3960 •10055 16602 ·4970 7973 6281 4199 2761 . ·34846 
5 36 ·6095 ·3960 ·10055 20752 ·6212 8885 7852 6681 3820 ·31026 
0 36 ·6095 ·24642 ·30737 24902 ·7455 10382 9422 ·10933 ·5436 ·36462 
7 36 -om ·3960 ·10055 29053 ·8697 8980 10992 9917 4287 ·32175 
a 36 ·6095 ·16962 ·23057 33203 ·9939 9826 12562 . ·669 ·251 ·32426 
9 36 ·6095 ·3960 ·10055 37354 ·11182 8944 14133 13022 4257 ·28169 

10 39 ·6603 .. 4290 •10893 41850 ·12528 9026 15834 13967 3970 ·24198 
II 0 41850 ·12528 5272 15834 21106 5217 ·18981 
12 0 41850 ·12528 4251 15834 20085 4317 ·14664 
13 0 41850 ·12528 2024 15834 17857 3338 ·11327 
14 0 41850 ·12528 1052 15834 16886 2744 ·8582 
15 0 41850 ·12528 0 15834 15834 2238 ·63U 
16 ·36 37700 ·11285 0 14264 14264 tm ·4591 
17 -3~ 33549 ·10043 0 12093 12693 1356 ·3235 
18 ·36 29399 ·8801 0 i I 123 11123 1034 •2201 
19 ·36 25248 ·7558 0 9553 9553 772 ·1429 
20 ·36 21098 ·6316 0 7982 "82 561 •168 
21 ·36. 16947 ·5073 0 6412 6412 392 ·477 
22 ·36 12797 ·3831 0 4842 4842 257 ·_219 
23 ·36 8647 ·2588 0 3271 3271 lSI ·68 
24 ·36 4496 ·1346 0 POl 1701 68 0 
25 ·39 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VIII. ECONOMIC ANALYSIS 

F. CWS Burning Gas Turbine With Steam Injection 

Ill RAILROAD FI&. 110. I •151 OF TOTAL FLEET > 3000 HP • < 15 YRS OLD 

ALLOWABLE CAPITAL COST ADDER IS,OOOiptr LOCO • 273.870 

···------------------------------------------RAILROAD · TOTAL LOCO FLEET • 2593 !Rtf I 

CASE • LOCOftOTIYE FLEET SIZE • 281 

DCRR VERSUS STAlDARD DIESEL • 15.00% 

TOTAL FlEET J)f'2 USED !911 I • 51',0379 llltfl 

CASE • DF2 I LOCO 1000 9&11 • 418.90 

BTU I LOCO 110I•to • 7.17 IWVESTMEMT DEPREClATIOII 
SCHEDUI.£ 

FUEl SAYIII&S 10001 /YEAR /LOCO~TIYE • 149.190 YEAR I IS.OOt 
2 22.001 

~INT COST ADDERIOOOI, AYE/YR OVER LIFE • 45.599 3 21.00t 
4 21.00% 

PLANT CAPITAL COST I 000 I • 35638 5 21.00% 

MOTE: ALL s Ill THOUSANDS 
LOCOS LOCO COAL PROt TOTAL AltiUAL DISCOUNTED 

PIICMSD IIIYiiTNWT lNFRAiTR, YEAR FUEL ftAIIIT,CST AIJIY. TAl NET [JP. 9IftPLE PWE9.YAL CUftULATIY! 
YEAR OR RET DIFFRERC£ liiYESTftiiT INVESTitll SAYIII&S SAYIII6S CR.+ DEPR •sAYII&S CASH FLOW CASH FLOM CASH FLO• --------------- ------------------- --. 1 28 ·7608 ·24902 ·32030 4177 ·1277 5515 1506 ·25549 ·25549 ·25549 

2 21 •16U •3080 ·10748 8355 ·2'54 SlU 3133 ·2497 ·2171 ·27721 
3 28 ·7608 ·16836 ·24505 12532 ·3830 8381 "" ·11'25 •8039 ·36359 
4 28 ·7068 ·3080 ·10748 10709 ·5107 8487 6265 4004 2632 ·33727 
5 28 ·7668 ·3080 ·10748 20887 ·6384 9402 7832 6545 3742 ·29985 
6 28 ·7608 ·24962 ·32630 25064 ·7061 11046 9398 ·12186 ·6059 ·36044 
7 28 ·7668 ·3080 ·10748 29241 ·8937 9562 10964 9778 4227 ·31810 
8 28 ·7068 ·16836 ·24505 33419 ·10214 104!8 12530 ·1517 ·570 ·32386 
9 28 -7068 -3080 ·10748 37596 -11491 9525 14097 12873 4208 ·28178 

10 29 ·7942 ·3190 ·11132 41923 ·12813 9527 15719 14113 4012 ·241116 
11 0 41923 ·12813 5570 15719 21289 5262 •18904 
11 0 41923 ·12113 4481 11719 20200 4342 m14562 
13 0 41923 ·12813 211& 15719 17833 ml ·11229 
14 0 41923 ·12813 1075 15719 16794 2730 ·8499 
15 0 41923 ·12813 0 15719 1S719 2222 ·6278 
a ·28 37745 ·11536 0 14153 14153 1739 ·4539 
17 ·28 33568 ·10260 0 12586 12586 1345 ·3193 
18 ·28 29391 ·8983 0 11020 11020 1024 ·2169 
19 -28 25213 ·7706 0 9454 9454 764 ·1405 
20 ·28 21036 ·6429 0 7887 7887 554 ·851 
21 -28 16859 ·5153 0 6321 6321 386 ·465 
22 ·28 12681 ·3876 0 4755 4,5 253 ·212 
23 ·28 8504 ·2599 0 3189 3189 147 ·65 
24 ·28 4327 -1322 0 1622 1622 65 0 
25 -29 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VIII. ECONOMIC ANALYSIS 
F. CWS Burning Gas Turbine With Steam Injection 

CR RAILROAD FI6. NO. 1 .. 7% OF TOTAL FLEET > 3000 HP • < IS YRS OLD 

ALLOMAJL£ CAPITAL COST ADDER II,OOOiptr LOCO : 151. BOO 

---------------------------------------------
RAILROAD • TOTAL LOCO FLEET • 2447 I Rtf l 

CASE • LOCO"OTIYE FLEET SIZE • 111 

DCRR VERSUS STANDARD DIESEL = 15.001 

TOTAL FLEET DF2 USED IQlll • 2903765!5 IRtfl 

CASE • DF2 I LOCO 1000 9•1> • 3!5.30 

·&TU I LOCO 1101'"10 • S.39 IIVESTNENT DEPRECIATION 
SCHDUI.E 

FUEL SAYINSS 10001 /YEAR /LOCO~TIYE • 119. 09S YEAR 1 15.00% 
2 22.00% 

"AINT COST ADD£RIOOOI, AYE/YR OYER LIF! • 35.757 3 21.001 
4 21.00% 

PLANT CAPITAL COST I 000 I = 13505 5 21.001 

NOTE: All • IN THOUSANDS 
LOCOS LOCO COAL PROC TOTAL AN•UAL DISCOUNTED 

PRCHSD INVEST"NT INFRASTR. YEAR FUEL "AINT.CST '"!NY •. TAl NET EIP. SI"PLE PRES.YAL CU"ULATIYE 
YEAR OR RET DIFFRENCE INVEST"NT INYEST"N SAV!NSS SAYINSS CR.+ DEPR '"SAYIII6S CASH FLOM CASH FLOM CASH FLOW 

---------------------------------------------------------------------------------------------------------------
I II ·1070 ·9502 ·11172 1310 ·393 1889 495 ·8789 ·8789 ·8789 
2 II -1670 -1210 •2880 2620 -797 1617 990 -272 ·237 ·9026 
3 II -wo ·6423 ·8093 3930 -1180 2738 1485 ·3869 ·2926 ·11952 
4 II -1670 ·1210 ·2980 5240 -1573 2663 1980 1763 1159 ·10792 
s 11 ·1070 -1210 ·2880 6550 ·1967 2917 2475 2513 1437 -9356 
6 11 -1670 -9502 ·11172 7860 ·2360 3518 2970 ·4684 ·2329 ·11684 
7 11 •WO •1210 ·2880 9170 ·2753 2955 3465 3541 1531 ·10154 
8 II -1670 -6423 ·8093 !0480 ·3147 329S 3960 ·838 ·315 ·10469 
9 II -11170 ·1210 ·2880 11790 ·3540 2941 uss 4517 1477 ·8992 

10 12 ·1822 ·1320 ·3142 13220 ·39119 2962 4995 4815 1369 ·7623 
11 0 13220 ·3969 1656 4995 66SI W4 ·5979 
12 0 13220 -3969 1363 4995 6359 1367 ··4612 
13 0 13220 -3969 582 4995 5577 1042 ·3570 
14 0 1'3220 -3969 303 4995 5299 861 ·?709 
IS 0 13220 ·3969 0 4995 4995 706 ·2003 
10 ·II 11909 ·3576 0 4500 4500 553 ·1450 
17 -11 !OS99 ·3182 0 4005 4005 428 ·1022 
19 ·II . 9289 ·2789 0 3510 ~10 326 -6911 
19 ·II 7979 ·2396 0 3015 lOIS 244 ·452 
20 ·II 6669 -2002 0 2520 2520 177 -275 
21 ·II 5359 -1609 0 2025 2025 124 ·lSI 
22 ·II 4049 -1216 0 IS30 IS30 81 ·70 
23 ·II 2739 •822 0 .10~5 1035 48 ·22 
24 ·11 1429 ·429 0 540 540 22 0 
25 ·12 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VIII. ECONOMIC ANALYSIS 
F. CWS Burning Gas Turbine With Steam Injection 

CSI RAILROAD FI6. NO. 1 ' 71 OF TOTAL FLEET > 3000 HP ' < 15 YR$ OLD 

ALLOMABLE CAPITAL COST ADDER !S,OOOlptr LOCO • 228.600 

---------------------------------------------RAILROAD • TOTAL LOCO FLEET • 3218 IRtfl 

CASE • LOCOftOTIYE FWT SIZE • 200 

. DCRR VERSUS STANDARD DIESEL • 15.001 

TOTAL FLEET DF2 USED l91ll • 462417920 IRtfl 

CASE· DF2 I LOCO !000 91!! • 18t00 

BTU I LOCO 1101·10: 6.54 INVEST~NT DEPR!tlATl~ 
SCHEDUlE 

FUEl SAYIN6S 10001 /YEAR /LOCO~TIYE • 138.471 YEAR ·1 15.001 
2 22.001 

NAINT COST ADDERIOOOl, AVE/YR OVER LIFE • 42.093 3 21.001 
4 21.001 

PLANT CAPITAL COST I 000 l = 25220 5 21.001 

NOTE: ALL • Ill THOUSANDS 
LOCOS LOCO COAl PROC TOTAL ANNUAL -DISCOUNTED 

PRCH&D INVE&TNNT INFRA6TR. YEAR F'UEL ftAINT,CST ~!NY, TAl NET EJP, SlftPLE PRES,YAL CUftULATIYC 
YEAR OR RET DIFFRENCE INYEST"NT INVEST"" SAYIN6S SAVIN6S CR.+ DEPR ASAYIN6S CASH FLOM CASH. FLOW CASH FLOW 
---------------------------------------------------------------------------------------------------------------. 1 20 ·4572 ·17685 ·22257 2709 ·842 37111 1041 -17455 ·17455 ·17455 

2 20 -4572 ·2200 ·6112 5S3' •1614 33'' 2082 ·m3 •112' •1857' 
3 20 ·4572 -m35 ·1o507 8308 -2526 5625 3123 -7759 -5867 .-24446 
4 20 -4572 ·2200 -6772 11078 ·3367 5619 4164 3011 !980 ·22467 
5 20 ·4572 -2200 -6772 13847 -4209 6229 5204 40o1 21105 -19802 
6 20 -4572 ·17o85 -22257 16617 -5051 7350 6245 -8662 •4306 ·24108 
7 20 -4572 ·2200 -6772 19386 . -5893 6300 7286 6814 2946 -21102 
8 20 -4572 -11935 ·16507 22155 ·6735 6933 8327 ·1246 ·469 ·21631 
9 20 ·4572 ·2200 ·11772 24925 ·7577 6273 9368 8869 2899 ·18732 

10 20 ~4572 ·2200 ·6772 27694 ·841, 6229 10409 '865 2804 ·13927 
11 0 27094 -8419 3588 10409 13997 3460 ·12467 
12 0 27bq& .. u1q 2q~~ 10&~q m12 286! -••o6 
13 0 27~94 -8419 ll08 10409 11717 2190 -7410 
14 0 27094 ·8419 654 10409 1l063 1798 ·5618 
15 0 27094 ·8419 0 10409 10409 1471 ·4147 
a -20 24925 ·7577 0 9368 9368 1151 ·2996 
17 ·20 22m •6735 0 8327 8327 890 ·2106 
18 -20 19386 ·5893 0 7286 7286 677 -1429 
19 ·20 161117 ·5051 0 624! 624! !0! -924 
20 -20 13847 ·4209 0 5204 5204 360 ·558 
21 ·20 11078 ·3367 0 4164 4164 254 ·304 
22 -20 8308 ·2526 0 3123 3123 166 -138 
23 ·20 5539 ·1684 0 2082 2082 96 -42 
24 -20 2769 -842 0 1041 1041 42 0 
25 ·20 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VII I. ECONOMIC ANALYSIS 
F .. CWS Burning Gas Turbine With Steam Injection 

NS RAILROAD F!&. NO. 1 ~ 7% OF TOTAL FlEET > 3000 HP • < 15 YRS OLD 

ALLOWABLE CAPITAL COST ADDER II,OOOlptr LOCO • 178.370 

---------------------------------------------
RAILROAD • TOTAL LOCO FLEET·• 2148 !Rtf! 

CASE • LOCOftOT!YE FLEET SIZE • 128 

DCRR VERSUS STAMDARD DIESEL • 15.00% 

TOTAL FLEET DF2 USED !gill • 310263302 !Rtf! 

CASE· DF2 l LOCO 1000 g•ll • 361.50 

BTU I LOCO 110lA10 • 6.18 INYESTKENT DEPRECIATION 
SCHEDULE 

FUEL SAYIN&S 1000! /YEAR /LOCOftOTIYE a 132.516 YEAR 1 . 15.00% 
2. 22.001 

·ltAINT COST ADDERtOOOl, AYE/YR OYER LIFE • 40.146 3 21.001 
4 21.00% 

PLANT CAPITAL CDST I 000 l • 16886 5 21. 00% 

NOTE: ALL s Ill THOUSANDS 
LOCOS LOCO COAL PROC TOTAL AfllfUAL DISCOUNTED 

PRCHSD INYEST""T INFRASTR. YEAR FUEL ftAINT.CST AJNY. TAX NET EIP. SiftPLE PRES.YAL CUitULATIYE 
YEAR OR RET DIFFRENCE INYESTitiT INYESTNH SAYINSS SAYIN6S CR.+ DEPR ASAVIN6$ CASH FLOW CASH FLOW CASH FLOW 

---------------------------------------------------------------------------------------------------------------. 1 12 -2140 ·11088 ·13828 mo ·482 2337 599 ·10893 -10893 ·10893 
2 12 ··2140 ·1320 -~460 3180 ·963 1984 1197 ·279 "243 •111l5 
3 12 ·2140 -7838 ·9978 . 4nt ·1445 m2 1796 ·4810 ·3637 ·1U73 
4 12 ·2140 ·1320 ·3460 6361 ·1927 3265 2394 2198 1446 ·1l327 
5 12 ·2140 ·1320 ·3460 7951 ·2409 3569 2993 3101 1773 ·11554 
6 12 ·2140 . ·11688 ·13828 9541 ·2890 4320 3591 -5917 -2942 ·14496 
7 . 12 ·2140 ·1320 ·3460 11131 ·3l72 3617 4190 4346 1879 ·12617 
8 12 ·2140 -7838 -9978 12722 ·3854 4041 4788 ·1149 ·432 ·13049 
9 12 ·2140 ·1320 ·3460 14312 ·4336 3599 5387 5526 1806 -11242 

10 20 -~67 -2200 ·5767 16962 ·5139 3959 6385 4576 1301 ·9942 
11 0 16962 ·5139 2216 6385 8601 2126 -7816 
12 0 16962 ·5139 1855 6385 8240 1771 ·6045 
13 0 16962 ·5139 891 6385 7276 1360 -4685 
14 0 W62 _,139 557 6l85 6942 1128 ·3SS6 
15 0 16962 ·5139 0 6385 6385 902 ·2654 
16 •12 15372 ·4657 0 5786 5186 711 ·1943 
17 ·12 13782 ·4175 0 5188 5188 554 ·1389 
1B ·12 12191 ·3693 0 4589 4589 426 .. ,,2 
19 ·12 10601 ·3212 0 3990 3990 322 ·640 
20 ·12 9011 ·2730 0 3392 l392 238 ·401. 
21 ·12 7421 ·2248 0 2793 2793 171 ·231 
22 ·12 5831 ·1706 0 2195 2195 117 ·114 
23 ·12 4241 ·1285 0 1596 1596 74 -40 
24 ·12 2650 ·803 0 998 998 40 0 
25 ·20 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VIII.- ECONOMIC ANALYSIS 
F. CWS Burning Gas Turbine With Steam Injection 

UP RAILROAD FI&. NO. 1 ' 151 OF TOTAL FLEET > 3000 HP l < 15 YRS OLD 

ALLOMABLE CAPITAL COST ADDER IS,OOOlptr LOCO • 215.105 

·--------------------------------------------
RAILROAD • TOTAL LOCO FLEET • 2569 1Rt4 l 

CASE • LDCDftOTIVE FLEET SIZE • 289 

DCRR VERSUS ST~D~ DIESEL • 15.001 

TOTAL FLEET DF2 USED !gill • 465106829 IRtfl 

CASE • DF2 I LOCO 1000 g•ll • 338.70 

BTU I LOCO 110lAIO • S.79 INYEST~MT DEPRECIATION 
SCHEDULE 

FUEl SAVIMSS IOOOl /YEAR /LDCO~TI~E • 125.892 YEAR I 15.001 
2 22.001 

ftAINT COST ADDERIOOOl, AYE/YR OY£R LIFE • 37.980 3 21.001 
4 21.001 

PLANT CAPITAL COST I 000 l s 30749 5 21.001 

NOTE: ALL • IN THOUSANDS 
LOCOS LOCO COAL PROC TOTAL ANNUAL DISCOUNTED 

PRCHSD IMYEST~T INFRASTR. tEAR FUEL MAIMT.tST ~!MY. TAX N£T EXP •. SIMPLE PRES.YAL CUftULATIV£ 
YEAR OR RiT DIFFRENCE INVEST""T INYESTIIIN SAYIN&S SAVINi& CR.+ D£PR ASAVIN&S CASH FLaM CASH FLOM CASH FLDM 

---------------------------------------------------------------------------------------- ---. 1 28 ·6023 ·21h0 -27983 3525 -1063 4729 1329 -21925 -21925 ·21925 
2 28 ·6023 •3080 ·9103 7050 ·2127 4370 2658 •2074 •1804 •2l728 
3 28 ·6023 -14949 -20972 10575 -3190 7169 3988 -9816 ·7422 ·31150 
4 28 ·6023 -3080 ·9103 14100 -4254 7243 5317 3457 2273 -2&8n 
5 28 ·6023 -3080 -9103 17625 ·5317 8068 6646 5611 3208 ·25669 
6 28 -6023 -21960 -27983 21150 ·6381 9435 7975 ·10573 ·5256 -3092!1 
7 28 -6023 -3080 ·9103 24675 -7444 81SS 9305 8357 3613 -27312 
8 28 ·•02l -1m• -20972 28200 ·8507 8927 10634 -leu ·530 ·2784l 
9 28 ·6023 ·lOBO ·9103 31725 -9571 8123 11963 10983 3590 ·24252 

10 31 -1959 ·4070 ·12029 36383 ·10976 8!162 13720 10253 2915 -21338 
II 0 36383 ·10976 5002 13720 18722 4628 ·lo71o 
12 0 36383 ·10976 4067 1l720 1171_7 3123 •12n7 
13 0 311383 ~10976 2041 13720 15761 2f46 ·9941 
14 0 36383 ·10976 1162 ll720 14882 2419 ·7522 
15 0 36383 -10976 0 ll720 13720 1939 ·SS83 
16 ·28 32858 ·9913 0 12no 12390 1523 ·4061 
17 -28 29333 ·8849 0 11061 11061 1182 ·2879 
18 ·28 25808 ·7786 0 9732 9732 904 ·1974 
19 ·28 22283 ·6722 0 8403 1403 679 -1295 
20 -28 18758 ·56 59 0 7073 7073 497 -798 
21 -28 15233 -4596 0 . 5744 5744 351 -447 
22 ·28 11708 ·3532 0 4415 4415 235 ·213 
23 -28 8183 -2469 0 3086 3086 143 ·70 
24 -28 4658 -1405 0 1756 1756 71 0 
25 -37 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VI I I. ECONOMIC ANALYSIS 
F. CWS Burning Gas Turbine With Steam Injection 

SFt RAILROAD riS. NO. 1 ~ 151 Or TOTAL rLEET > 3000 HP • < 1~ YRS OLD 

ALLO~ABL£ CAPITAL COST ADDER !S,OOOlptr LOCO = 84.840 

---------------------------------------------RAILROAD • TOTAL LOCO rLEET • 3950 IRtfl 

CASE • LOCOROTIYE FLEET SIZE • 363 

DCRR VERSUS STANDARD DIESEL • 20.00% 

TOTAL FLEET Dr2 USED lglll 1 652249114 IRtfl 

CASE - Dr2 1 LOCO 1000 g1ll 1 302.20 

BTU I LOCO IIOJ•to = 5.17 IRYES~NT DEPRECIATION 
SCHEDULE 

rU£1 SAY!N&S 10001 /YEAR /LOCO~TIYE • 115.289 YEAR I 15.00% 
2 22.00% 

ftA!NT COST ADDER!OOOJ, AYE/YR OYER LirE • 34.512 3 21.00% 
4 21.001 

PLANT CAPITAL COST I 000 l • 33684 5 21.00% 

NOTE: ALL • IN THOUSANDS 
LOCOS LOCO tOAL PROt TOTAL ANIIUAL DISCOUNTED 

PRCHSD INVES~T INFRASTR. YEAR FUEL ftAINT.CST •INY. TAl NET EIP. SIIIPL£ PRES.YAL CUIIULAT!VE 
YEAR OR RET DirrRENCE !NYESTIINT !NYEST"" SAYIN6S SAY!NSS CR.• DEPR •SAYIIISS CASH rLOW CASH FLOW CASH FLO~ 

---------------------------------------------------------------------------------------------------------------
I 36 ·3054 ·24642 ·27696 4150 ·1242 4681 1570 ·21445 ·21445 ·21445 
2 36 ·3054 ·3960 ·7014 8301 ·2485 3988 3141 m 96 ·21350 
3 36 ·3054 ·16962 ·20016 12451 ·3727 6768 4711 ·8537 ·5929 ·27278 
4 36 ·3054 ·3960 ·7014 16602 ·4970 6564 6281 5831 3374 ·23904 
5 36 ·3054 ·3960 ·7014 20752 ·U12 7182 7852 8019 3867 ·20037 
6 36 ·3054 ·24642 ·27696 24902 ·7455 8679 9422 ·9595 ·3856 ·23893 
7 36 ·3054 ·3960 ·7014 29053 ·8697 7277 10992 11255 3769 ·20123 
8 36 ·30,4 ·16962 ·20016 33203 ·9939 8123 12562 669 187 .. 19937 
9 36 ·3054 ·3960 ·7014 37!54 ·11182 7242 14m 14360 3340 ·16597 

10 39 ·3309 ·4290 ·7599 41850 ·12528 7281 15834 15516 3007 .·13!90 
11 0 41850 ·12528 4058 15834 19892 3213 •10377 
12 0 41850 -1~28 3345 15834 19179 2581 ·7796 
13 0 41850 ·12528 1412 15834 17246 1934 ~5&112 

14 0 41850 ·12528 734 15834 165.8 1549 .-4313 
15 0 41850 ·12528 0 15834 15834 1233 ·3080 
16 ·36 37700 ·11285 0 14264 14264 926 ·2154 
17 ·36 33519 ·10043 0 12693 12693 1187 ·1468 
18 ·36 29399 -8801 0 11123 11123 501 -966 
19 ·36 25248 ·7558 0 9553 95~ !59 ·608 
20 -36 21098 ·6316 0 7992 7982 250 -358 
21 ·36 16947 ·5073 0 6412 6412 167 ·190 
22 ·36 127~7 ·3831 0 4842 4842 105 ·85 
23 ·36 8647 ·2588 0 3271 3271 59 -26 
24 . ·36 4n6 ·1346 0 1701 1701 26 0 
25 •39 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VI I I. ECONOMIC ANALYSIS 

F. CWS Burning Gas Turbine With Steam Injection 

.. RAILROAD FI&. NO. I - 151 OF TOTAL FLEET > 3000 HP • < 15 YRS OLD 

ALLOWABLE CAPITAL COST ADDER lt,OOOlptr LOCO : 121.450 

---------------------------------------------RAILROAD - TOTAL LOCO FLEET = 2593 !Rtf). 

CASE • LOC~OTIYE FLEET SIZE • 281 

DCRR VERSUS STANDARD DIESEL • 20.001 

TOTAL FWT DF2 USED !till • SU7503" !Rtfl 

CASE • DF2 I LOCO 1000 9111 • 418.90 

atu r LOtO 11o1·1o • .7 .17 INYEST~T DEPRECIATION 
SCHEDULE 

FUEl SAYIN&S 10001 /YEAR /LDCO~TIYE t 149.190 YEAR 1 15.00% 
2 22.001 

ftAINT COST ADDEAIOOOI, AVE/YA OYER LIFt 1 45.599 3 21.001 
4 21.001 

PLANT CAPITAL COST I 000 l 1 35638 5 21.001 

llDTI: ALL t 1M THOUSANDS 
LOCOS LOCO COAL PROC TOTAL AINUAL DISCOUifTED 

PRCHSD IllYEST~T IMFRASTR. YEAR FUEL ftAINT.CST •INY. TAX NET EIP. SlftPLE PRES.YAL CUftULATIVE 
YEAR OR RET DIFFRENCE INVESTIIIIT INVES'm SAYIN&S SAVINSS CA.+ DEPR •sAVlllSS CASH F~ON CASH FLOW.CASH FLOW 

------------------------------------------------------------------------------------------------------1 28 -3401 ·249U •28362 4177 -1277 4793 1S.6 ·22003 -22003 ·22003 
2 28 -3401 ·3080 -6481 8355 •2554 3U6 ~133 618 515 ~21488 

3 28 -3401 ·16836 ·?0737 . 12532 ·3830 .a a U99 ·17ll -·057 -~7545 
4 28 -3401 ·3080 ·6481 16709 ·5107 0509 6265 6294 3642 ·23903 
5 28 -3401 ·3080 ·UBI 20887 ·6384 7072 7832 8423 4002 ·19841 
6 28 -3401 ·24962 ·28362 25064 •7661 8656 9398 ·10309 ·4143 ·23984 
7 28 -3401 ·3080 ·6481 29241 ·8937 7172 10904 11656 3904 ·20081 
8 28 -3401 ·16836 ·20237 33419 •10214 8068 12530 361 101 ·1 .. 80 
9 28 ·3401 ·3080 ·6481 37596 ·11491 7135 \4097 147~1 3431 -16549 

10 29 -3522 -3190 -6712 41923 ·12813 7111 15719 16118 3124 -13425 
11 0 .1.23 ·12913 1986 15719 19605 31 .. •102S9 
12 0 41923 ·12813 3229 15719 18948 2550 -7709 
13 0 41923 ·12813 1274 15719 1U93 1906 ·5803 
14 0 41923 ·12813 .u 15719 16367 1530 ·4273 
IS 0 •m3 ·12813 0 1571' 15719 1224 -3on 
a ·28 37745 -11536 0 14153 14153 919 ·2130 
17 -28 l3SU ·10260 0 12586 12586 .SI -14., 
18 ·28 29391 -m1 0 11020 11020 .. 7 -953 
19 -28 25213 -1706 0 9454 9454 355 ·598 
20 ·28 21036 ·6429 0 7117 7187 247 •3SI 
21 -28 10859 -5m 0 6321 6321 165 -186 
22 -28 12081 -387b 0 4755 4755 103 ·82 
23 ·29 8504 -2599 0 3189 3199 58 -25 
24 ·28 4327 -!322 0 1622 1622 24 0 
25 ·29 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VI II. ECONOMIC ANALYSIS · 

F. CWS Burning Gas Turbine With Steam Injection 

CR RAILROAD FIS. NO. I ' 7% OF TOTAL FLEET > 3000 HP L c f~ YRS OLD 

ALLOMABLE CAPITAL COST ADDER lt,OOOlDtr LOCO : 26.800 

---------------------------------------------RAILROAD • TOTAL LOCO FLEET : 2U7 !Rtf l 

CASE • LOCO"OTIYE FLEET SIZE : Ill 

DCRR VERSUS ST~DARD DIESEL • 20.00% 

TOTAL FLEii DF2 USED lg1ll • 290376555 !Rtfl 

CA~E • DF1 I LOCO 1000 g•ll I 315.30 

BTU I LOCO 1101"10 ·= 5.39 INVES'"EIT DEPRECIATION 
SCHEDULE 

FUEl SAYINSS 10001 /YEAR /LOCD"OTIYE • 119.095 YEAR 1 15. 00% 
2 22.00% 

"AINT COST ADDERIOOOl, AYE/YR OYER LIFE • ~5.757 l 21.00% 
4 21.00% 

PLANT CAPITAl COST I 000 l • 13505 5 21.00% 

NOTE: ALL • IN THOUSANDS 
LOCOS LOCO ·COAL PROC TOTAL ~NUAL DISCOUNTED 

PRCHSD INYEST"'T INFRASTR. YEAR FUEL ftAINT.CST "INY, TAl NET EIP. SiftPLE PRES.YAl CU"ULATIYE 
YEAR OR RET DIFFRENCE INYEST~T INYESTftN SAVINSS SAYINSS CR.+ DEPR "SAYIISS CASH FLOW CASH FLOM CASH FLDM 

---------------------------------------------------------------------------------------------------------------I 11 ·295 ·9502 ·9797 1310 ·393 1656 495 ·7646 ·7646 ·7646 
2 11 ·2'5 ·1210. ·1SOS 2620 ·787 1246 990 731 609 ·70l7 
3 11 ·295 -6423 ·6718 3930 ·1180 2234 1485 ·2999 ·2082 ·9120 
4 11 ·295 ·1210 ·1505 5240 ·1573 2026 1980 ~01 1447 ·7672 
5 11 ·295 ·1210 ·1505 6550 ·1967 2147 2HS 3118 !SOl ·6169 
6 11 ·295 -9502 ·9797 7860 ·2360 2748 2970 ·4079 ·1639 ·7808 
7 11 ·295 -1210 ·1505 9170 ·2753 2185 3465 4146 1388 ·6419 
8 11 ·295 ·6423 ·6718 10480 ·3147 2525 3960 -233 ·65 ·6484 
9 11 ·29S ·1210 ·1505 11790 ·3540 2171 4455 5122 1191 -529.3 

10 12 ·322 ·1320 ·1642 13220 ·3969 2170 4995 5524 1071 ·4223 
11 0 13220 ·3969 1106 4995 6101 985 ·3237 
12 0 13220 ·3969 953 4995 5948 801 ·24l7 
13 0 13220 ·3969 304 4995 5299 594 ·1842 
14 0 13220 ·3969 m 499S 5154 482 ·1361 
15 0 13220 ·3909 0 4995 4995 389 ·972 
16 ·11 11909 ·3576 0 4500 4SOO 292 ·680 
17 -11 10599 ·3182 0 4005 4005 217 ·463 
18 ·II 9289 ·2789 0 mo 3S10 JSI •lOS 
19 -11 7979 ·2396 0 3015 lOIS 113 -191 
20 ·11 Uo9 ·2002 0 2520 2520 79 ·113 
21 -11 S359 ·1609 0 2025 2025 53 ·60 
22 ·11. 4049 ·1216 0 mo 1530 33 ·27 
23 -11 2739 ·822 0 1035 1035 19 -8 
24 ·11 1429 ·429 0 540 540 8 0 
2' ·U 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VI I I. ECONOMIC ANALYSIS 

F. CWS Burning Gas Turbine With Steam Injection 

CSI RAILROAD FIG. NO. 1 ' 71 OF TOTAL FLEET > 3000 HP ' < 15 YRS OLD 

ALLOWABLE CAPITAL COST ADDER !S,OOOlptr LOCO • 86.050 

---------------------------------------------RAILROAD • TOTAL LOCO FLEET • 3218 IRtfl 

CASE - LOCOftOTIYE FLEET SIZE • 200 

DCRR VERSUS STANDARD DIESEL • 20.001 

TOTAL FLEET DF2 USED IQ&ll • 462417920 IRtfl 

CASE • DF2 I LOCO 1000 tall • m.oo 

BTU I LOCO !10!.10 • 6.54 IIVEST~NT DEPRECIATION 
SCHEDULE 

run. SAYINGS IOOOl. /YEAR /LOCOIIOTIYE • 138.471 Y!AR 1 "· 001 
2 22.001 

"AINT COST ADDER!OOOl, AYE/YR OYER liFt • 42.093 3 21.001 
4 21.001 

PLANT CAPITAL COST I 000 l • 25220 s 21.001 

NOTE: ALL • IN THOUSANDS 
LOCOS LOCO COAL PROC TOTAL AOUAL DISCOUNTED 

PRCHSD INVEST~T IMFRASTR. YEAR FUEL "AINT.CST 4 INV. TAX NET EIP. SIItfiLE PRES.YAL CU~LATIYE 
YEAR OR RET DIFFREMCE INYEST"NT INYEST"N SAYINGS SAYINGS CR.+ D£PR •SAYIW&S CASH FLOW CASH FLOW CASH FLOW ------------------------------------ -----

1 20 -1721 -rm~ · ·19406 2709 ·842 3280 1041 -15085 ·15085 ·15085 
2 20 -1721 ·2200 ·3921 ~~39 ·t684 2627 2082 787 656 ·14429 
3 20 -1721 ·11935 -13656 8308 -2526 4579 l123 -5954 -4m ·18SU 
4 20 ·1721 ·2200 . -3921 11078 ·3367 4298 4164 4541 2628 ·15936 
5 20 ·1721 ·2200 -3921 13847 ·4209 4632 5204 5915 2853 ·13084 
6 20 -1721 ·17US ·19406 10617 ·5051 5753 6245 ·7407 ·2977 ·16060 
7 20 ·1721 -2200 ·3921 19386 ·5893 4703 7286 8068 2702 -13358 
8 20 ·1721 ·11935 ·13656 22155 ·6735. sm ll27 8 2 ·13356 
9 20 -1721 -2200 -3921 24925 -7577 4677 9368 10124 2354 -11002 

10 20 -1721 ·2200 ·3V21 27694 -8419 4632 10409 11120 2155 ·1847 
11 0 21694 ·8419 2473 10409 12882 2081 -6766 
12 o· 27694 -8419 2077 10409 12486 1680 -5086 
13 0 . 27694 ·8419 758 10409 11166 1252 -3833 
14 0 27o94 ·8419 37' 10409 10188 1008 -2825 
15 0 27694 .. 1419 0 10409 10409 111 .. 2014 
16 ·20 24925 -7571 0 9368 9368 608 -1406 
17 ·20 22m ·6735 0 8327 8327 450 ·956 
18 ·20 19386 ·5893 0 7286 7286 328 ·627 
19 ·20 16617 ·5051 0 6245 6245 235 -393 
20 -20 13847 ·420' 0 5204 5204 163 •230 
21 ·20 11078 -3367 0 4164 4164 109 -:121 
22 ·20 8308. -2526 0 3123 3123 68 ·53 
23 ·20 5539 ·1684 0 2082 2082 38 ·16 
24 -20 2769 -842 0 1041 1041 16• 0 
25 -20 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VIII. ECONOMIC ANALYSIS 
F. CWS Burning Gas Turbine With Steam Injection 

NS RAILROAD FIS. NO. 1 ~ 7% OF TOTAL FLEET > 3000 HP ' < IS YRS OLD 

ALLOWABLE CAPITAL COST ADDER·II,OOOlptr LOCO • 37.740 

---------------------------------------------RAILROAD • TOTAL LOCD FLEET • 2148 IRtfl 

CASE • LOCOftOTIYE FLEET SIZE • 128 

DCRR VERSUS STANDARD DIESEL • 20.00% 

TOTAL FLEET DF2 USED 19•11 • 310263302 IRtfl 

CASE· DF2 I LOCO 1000 g•ll • 361.50 

BTU I LOCO 110J•to • 6.18 lNYESTftENT DEPRECIATION 
SCHEDULE 

FUEL SAYINSS 10001 /YEAR /LOCOftOTIYE • 132.516 YEAR 1 15.00% 
2 22.00% 

ftAINT COST ADDERIOOOI, AYE/YR OYER LIFE • 40.146 3 21.00% 
4 21.001 

PLANT CAPITAL COST r 000 I • 16886 5 21.00% 

NOTE: ALL • IN THOUSAIIDS 
LOCOS LOCO COAL PROC TOTAL ANIIUAL DISCOUNTED 

PRCHSD INYESTftNT INFRASTR. YEAR FUEL ftAINT.CST •!NY. TAX NET EXP. SiftPLE PRES.YAL CUftULATIYE 
YEAR OR REi DIFFR£NCE INYESTftNT INYESTftN SAYINSS SAUIN6S CR.+ DEPR •SAYIIISS CASH FLOW CASH FLOII CASH FLOW 

---------------------------------------------------------------------------------------------------------------1 12 ·453 -11688 ·12141 1590 ·482 20~2 599 ·9490 ·9490 ·9490 
2 12 ·453 ·1320 -fm 3180 ·963 1528 1197 952 794 ·8697 
3 12 ·453 ·7838 ·8291 4771 ·1445 2753 1796 ·3742 ·2598 ·11295 
4 12 ·453 ·1320 -1m 6361 ·1927 2483 2394 3104 1796 ·9499 
5 12 -453 ·1320 ·1773 7951 ·2409 2624 2993 3844 1854 ·7645 
6 12 ·453 ·11688 ·12141 9541 -2890 3375 3591 -5m ·2080 ·9725 
7 12 ·45~ -1~20 ·1773 11131 ·3372 2672 4)90 5089 1704 ·8020 
a 12 ·453 ·7838 ·8291 12722 ·3854 3096 4788 ·406 ·113 ·8134 
9 12 ·453 ·1320 -1773 14312 ·4336 2h54 5387 6208 1458 ·6676 ' 

10 20 ·755 ·2200 ·2955 16962 ·5139 2824 6385 6254 1212 ·5464 
11 0 16962 -5139 1442 6385 7827 1264 •4200 
12 0 16962 ·5139 1258 6385 7642 1029 ·3171 
13 0 16962 -sm 457 6385 6841 767 ·2404 
14 0 16962 -5m 285 6385 6670 623 ·1781 
15 0 16962 ·5139 0 6385 U85 497 ·1283 
16 ·12 15372 ·4657 0 5786 5786 376 ·908 
17 ·12 13782 ·4175 0 5188 5188 281 ·627 
18 ·12 12191 ·3693 0 4589 4589 207 ·420 
19 -1~ 10601 -3212 0 3990 3990 150 ·271 
20 -12 9011 ·2730 0 3392 3392 106 ·164 
21 ·12 7421 ·2248 0 2793 2793 73 -92 
22 ·12 5831 ·1766 0 2195 2195 48 -u 
23 -12 4241 -1285 0 1596 1596 29 -15 
24 ·12 2650 ·903 0 9qe 998 1S 0 
2S ·20 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VIII. ECONOMIC ANALYSIS 

F. CWS Burning Gas Turbine With Steam Injection 

UP RAILROAD F!&. NO. 1 ~ 151 OF TOTAL FLEET > 3000 HP l < 15 YRS OLD 

ALLO~ABLE CAPITAL COST ADDER !S,OOOlptr LOCO : 84.920 

---------------------------------------------RAILROAD • TOTAL LOCO FLEET • 2569 IRtfl 

CASE • LOCOftOTIYE FLEET SIZE • 289 

DCRR VERSUS STANDARD DIESEL • 20.001 

TOTAL FLEET DF2 USED !tall • 465106829 IRtfl 

CASE • DF2 I LOCO 1000 9111. • 338.70 

BTU I LOCO 1101•1o * s. 79 lNVE!Tft!IIT D!PREetATION 
SCHEDULE 

FUEL 9AYIN6S 10001 /YEAR /LOCOftOTIVE • m.n2 'fUR ! IS.OO'l 
2 22.001 

ftAINT COST ADDER!OOOI, AYE/YR OYER L!FE • 37.980 3 21.001 
4 21.001 

PLANT CAPITAL COST I 000 l • 30749 s 21.001 

·NOTE: ALL • IM THOUSANDS 
LOCOS LOCO COAL PROC TOTAL ANIIUAL DISCOUNTED 

PRCHSD INVEST""T INFRASTR. YEAR FUEL ftAINT.CST •tNY. TAX NET EXP. SIIIPLE PRES.YAL CUIIULATIVE 
YEAR OR RET DIFFREMCE !NYESTftNT INVEST"" SAYIN&S SAYINGS CR.+ D£PR •SAY!N&S CASH FLOW CASH FLO~ CASH FLO~ 
--•••••---••-----••••••--•••••--•••••••••••••••••••••••••••••••••--••••--·---------•6aa••••••••----·--~------

1 28 -2379 ·219h0 ·24338 3~2~ -10~3 4113 132' •188'5 ·1889Z ·1889~ 

2 ~B -2378 -3080 .,458 7050 -2127 3385 2~58 58~ 488 ·18407 
3 28 -2378 -14949 -17327 10575 -3190 5832 3988 -7508 -5214 ·23&21 
4 28 -2378 -3080 ·5458 14100 -4254 5554 5317 5413 31n -20488 
s 28 -2378 -3080 -5458 17625 -5317 6027 ' 664~ 7215 3480 ·17008 
0 28 -2378 ·21960 -24338 21150 -~381 7394 7975 ·8969 -3604 ·20613 
7 28 -2378 -3080 ·5458 24675 ·7444 6114 9305 9960 333~ ·17217 
8 28 ·2378 -14949 ·17327 21200 ·8507 6886 10634 193 54 -17223 
9 28 ·2378 ·3080 ·54 58 31725 ·9571 6081 119~3 12587 2927 -14296 

10 37 ·3142 •4010 -7212 36383 ·1097~ U23 13720 12831 2417 ·11809 
II 0 36383 -tom, 3458 13720 17178 2774 -9035 
12 0 3~383 ·1097~ 2898 13720 16617 223~ ·6798 
13 0 36383 ·10976 1224 13720 14944 167~ ·5122 
14 0 311383 ·10~1b b97 13720 144111 1347 ·377S 
15 0 36383 -1oqn 0 13720 U720 1069 ·270h 
10 -28 32858 -m3 0 mqo 12390 804 ·1902 
17 ·28 29333 ·8849 0 110~1 110~1 598 ·1304 
18 ·28 25808 -7786 0 "32 9732 4Jq -us 
19 ·28 22283 ·11722 0 8403 1403 3th ·550 
20 ·28 18758 ·51159 0 7073 7073 221 ·328 
21 ·28 15233 -mo 0 5744 5744 150 -178 
22 ·28 11708 -3532 0 4415 4415 911 ·82 
23 ·28 8183 ·24n 0 3086 3080 so ·2o 
24 ·28 use ·1405 0 1756 mo 27 0 
25 -37 0 0 0 0 0 0 0 

VIII-48 



COAL BURNING LOCOMOTIVE STUDY 

VI I I. ECONOMIC ANALYSIS 
G. ROM Coal Gasifier Gas Turbine 

SFt RAILROAD FIS. NO. I ~ Ill OF TOTAL FLEET > 3000 HP ' < 15 YRS OLD 

ALLOWABLE CAPITAL COST ADDER II,OOOlptr LOCO • ·169.392 

---------------------------------------------
RAILROAD • TOTAL LOCO FLEET • 3950 IRtfl 

CASE • LOCO"OTIYE FLEET SIZE • 307 

DCRR YERSUS STAMDARD DIESEL • 15.00% 

TOTAL FLEET DF2 USED 19.1ll • 652249114 I Rtf l 

CASE • DF2 I LOCO 1000 91ll • 302.20 

BTU I LOCO I!Ol•IO • 6.53 INYES~NT DEPRECIATION 
SCHEDULE 

FUEl SAYIN6S IOOOl /YEAR /LOCO~TIYE • liS. 461 YEAR I 15.00% 
2 22.00% 

NAINT COST ADDERIOOOl, AVE/YR OYER LIFt • 80.225 3 21. ooi 
4 21.001 

PLANT CAPITAL CDST I 000 l • 123160 5 21. 001 

NOTE: ALL I Ill THOUSANDS 
LOCOS LOCO COAL PROC TOTAL ~lfUAL DISCOUNTED 

PRCHSD INYEST"NT INFRASTR. YEAR FUEL "AINT.CST •JNY. TAl NET EIP. smLE PRES.YAL CUNULATIYE 
YEAR OR RET DIFFRENtE INYESTNWT INYEST"" SAYIN6S SAYINSS CR.+ DEPR •SAYINSS CASH FLOW CASH FLOW CASH FLOW 

---------------------------------------------------------------------------------------------------------------
I 30 5082 -14m -9074 3464 -2407 1534 m ·6970 ·6970 -6970 
2 30 5082 ·IIS20 ·6438 6928 -4813 2006 1142 -3290 ·2861 ·9831 
3 30 5082 ·11520 ·6438 10391 -7220 2616 1712 ·2110 ·1595 ·11426 
4 30 5082 ·11520 ·6438 13855 -9627 3238 2283 ·917 ·603 -12029 
s 30 5082 ·11520 ·6438 17319 ·12034 3860 2854 276 158 ·11871 
0 30 5082 ·11520 ·6438 20783 -14440 3605 3425 592 294 ·11577 
1 30 5082 ·11520 -6438 24247 ·16847 3605 . 3996 1163 503 ·11074 
I 30 5082 ·11520 -6438 27711 ·19254 3605 4567 1734 652 -10422 
9 30 5082 ·12838 ·7756 31174 ·21661 3828 5137 1209 39S ·10027 

10 37 6268 -14208 ·7940 35446 ·24629 3993 5841 1894 539 ·9489 
II 0 35446 ·24629 2797 5841 8638 2135 ·7353 
12 0 35446 -24629 2139 5841 7980 1715 ·5639 
13 0 35446 -24629 1516 . 5841 7358 1375 ·4263 
14 0 35446 ·24629 767 5841 6608 1074 ·3189 
15 0 35446 ·24629 0 5941 5841 826 -2363 
16 ·30 31983 -22222 0 5271 5271 1148 ·1716 
17 ·30 28519 ·19816 0 4700 4700 502 ·1214 
II -30 25055 ·17409 0 4129 4129 384 ·830 
19 ·30 21591 -15002 0 3558 3558 288 -542 
20 ·30 18127 ·12595 0 2987 2987 210 ·332 
21 ·30 14603 -10189 0 2416 2416 148 ·185 
22 ·30 11200 -7782 0 1846 1846 98 -87 
23 ·30 7736 -5375 0 1275 1275 59 ·28 
24 ·30 4272 "29U 0 704 704 21 0 
2S -37 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VIII.· ECONOMIC ANALYSIS 
G. ROM Coal Gasifier Gas Turbine 

IN RAILROAD FI6. NO. I ' Ill OF TOTAL FLEET > 3000 HP • < 15 YRS OLD 

ALLOMABLE CAPITAL COST ADDER IS,OOOlptr LOCO • 189.125 

---------------------------------------------
RAILROAD • TOTAL LOCO FLEET • 2593 !Rtf! 

CASE • LOCO"OTIYE FLEET SIZE • 237 

DCRR VERSUS STANDARD DIESEL • 15.00% 

TOTAL FLEET DF2 USED lgall • 5!475037q !Rtf! 

CASE· DF2 I LOCO !000 v•ll • 418,qo 

BTU I LOCO IIOl•to • 9.05 INVESTMENT DEPRECIATION 
SCHEDULE 

FUEL SAYII&S IOOOl /YEAR /LDCO~TIYE • !85.247 YEAR I 15.001 
2 22.001 

~INT COST ADD£RIOOOl, AYE/YR OVER LIFE • 95.279 3 21.00% 
4 21.00% 

PLANT CAPITAL COST I 000 l • 93oU 5 21.001 

IIOTE: ALL • Ill THOUSANDS 
LOCOS LOCO COAL PROC TOTAL ANNUAL DISCOUNTED 

PRCHSD IIIYEST""T INFRASTR. YEAR FUEL "AIIIT.CST •tNV. TAl NET EXP. SIIIPLE PRES.YAL CU"ULATIYE 
YEAR OR RET DIFFREIICE INYEST"NT INYEST"N SAYIN&S SAYIN6S CR.+ DEPR ASAYIN65 CASH FLaM CASH FLOM CASH FLDM 

------------------------------------------------------··--------------------------------------------------~~· 
1 23 ·4350 ·11U8 ·1581B 42111 ·2191 21173 1117 ·12027 ·12027 ·12027 
2 23 ·4350 ·8832 ·13182 8521 ·4383 3829 2235 -7119 ·11190 ·18217 
3 23 •4350 •8832 ·13182 12782 ·6574 5090 l3~2 ·4?40 ·3S84 ·21801 
4 23 ·4350 ·8832 ·13182 17043 ·8706 113113 4470 ·2349 ·1545 ··233U 
5 23 ·4350 ·8832 ·13182 21303 ·10957 7o3o 5587 42 24 ·23322 
0 23 ·4350 ·8832 ·13182 25564 -tlm 7382 6704 904 450 ·22873 
7 23 ·4350 ·8832 ·13182 29825 ·15340 7382 7822 2022 I" -21n8 
8 23 ·4350 ·8832 ·13182. 34085 -17531" 7382 8939 3139 1180 ·2081B 
q 23 -4350 "8832 ·13182 l&346 ·19723 7382 100$7 4257 1391 -19427 

10 30 ·5074 ·11520 ·17194 43904 ·22581 8060 11514 2380 on ·18750 
II 0 43904 •22581 SSoO 11514 17074 4220 ·14530 
12 0 43904 ·22581 4208 11514 15722 3379 ·11150 
n 0 43904 ·22581 2934 11514 14448 2701 -IUO 
14 0 43904 ·22581 16111 11514 13115 2141 ·4309 
15 0 43904 ·22581 0 11514 11514 U27 ·4681 
10 -23 39043 -2o3qo 0 10397 10397 1278 ·3404 
17 ·23 35382 ·18198 0 9279 9279 992 ·2412 
18 ·23 31122 ·111007 0 8162 8162 758 ·1654 
19 ·23 2DBol ·138!5 0 7045 7045 509 ·1084 
20 -23 221100 -11624 0 5927 5927 416 -668 
21 ·23 18339 ·9433 0 4810 4810 294 ·374 
22 ·23 14079 -7241 0 m2 3692 m ·178 
23 ·23 98!8 ·5050 0 2575 251S 119 ·59 
24 ·23 5557 ·2858 0 !457 1457 59 0 
25 ·30 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VI I I. ECONOMIC ANALYSIS·. 

G. ROM Coal Gasifier Gas Turbine 

CR RAILROAD FI6. NO. I ' 6% OF TOTAL FLEET > 3000 HP • < I~ YRS OLD 

ALLOWABLE CAPITAL COST ADDER CI,OOOiptr LOCO • ·161.070 

---------------------------------------------RAILROAD • TOTAL LOCO FLEET • 2447 !Rtf I 

CASE • LOCO"OTIYE FLEET SIZE • 94 

DCRR VERSUS STAMDARD DIESEL • 15.00% 

TOTAL FLEET DF2 USED lq1ll • 290376555 IRtfl 

CASE· DF2 I LOCO 1000 91ll • 315.30 

BTU I LOCO 1101AIO • 6.81 INYESTNENT DEPRECIATION 
SCHEDULE 

FUEL SAYIN6S 10001 /YEAR /LOC~TIYE • 123.294 YEAR 1 15.00% 
2 22.001 

"AINT COST ADDERfOOOI, AVE/YR OYER LIFE~ 81.915 3 21.001 
4 21.00% 

PLANT CAPITAL COST c 000 I • 39732 ~ 21. 001 

IIOTE: ALL • IN THOUSMIDS 
LOCOS LOCO COAL PROC TOTAL ANNUAL DISCOUNTED 

PRCHSD INYEST"'T INFRASTR. YEAR FUEL "AINT.CST AINY. TAl NET EIP. SI"PLE PRES.YAL CU~ATIYE 

YEAR OR RET DIFFRENCE INYEST"NT INVEST~ SAYIN&S SAYINSS CR.+ DEPR ASAYIM&S CASH FLOW CASH FLOW CASH FLOW 

--------------------------------------------------------------------------- -----
I 9 mo ·6092 •4642 1110 -m 785 201 -36~7 ·3657 ·3657 
2 9 1450 -3456 -2006 2219 ·1474 809 402 -795 ·692 ·4348 
3 9 ICSO ·34~6 ·2006 3329 -2212 991 603 -412 -312 ·46&0 
4 9 1450 -3456 ·2006 4439 ·2949 1184 804 ·IS ·12 ·4672 
~ 9 1450 ·3456 ·2006 5548 ·3686 1378 1006 377 216 -«~6 
6 9 1450 ·3456 ·2006 6658 ·4423 1124 1207 324 161 ·4295 
7 9 1450 ·3456 ·2006 7768 ·5161 1124 1408 525 227 -40U 
8 9 1450 ·3456 -2006 8877 ·5898 1124 1609 726 273 -3ns 
9 9 1450 ·3456 ·2006 9987 ·663~ 1124 1810 927 303 ·3492 

10 1l 2094 -4992 ·2198 11590 ·7700 1274 2100 477 m ·3356 
11 0 IJS90 ·7700 875 2100 2975 735 ·2621 
12 0 11590 ·7700 668 2100 2768 59S -2026 
13 0 11590 ·7700 474 2100 2~74 481 •1545 
14 0 11590 -77oo 280 2100 2380 387 ·1158 
IS 0 11590 ·7700 0 2100 2100 297 ·861 
16 ·9 10480 ·6963 0 1899 1899 233 ·628 
17 ·9 9370 ·6226 0 1698 1698 181 ·446 
18 ·9 8261 ·5488 0 1497 1497 139 ·307 
19 ·9 7151 ·4"1 0 1296 1296 10~ -202 
20 -9 6041 ·4014 0 1095 109~ n ·126 
21 ·9 4932 -3277 . 0 894 894 55 ·71 
22 ·9 3822 -2539 0 693 693 37 ·34 
23 -9 2712 ·1802 0 492 492 23 ·11 

2' ·9 "03 ·lOU 0 290 290 12 0 
25 ·13 0 . 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VIII. ECONOMIC ANALYSIS 

G. ROM Coal Gasifier Gas Turbine 

CSI RAILROAD FIS. NO. I ' 61 OF TOTAL FLEET > 3000 HP • < 15 YRS OLD 

ALLOMABLE CAPITAL COST ADDER (I,OOOiptr LOCO a 66.900 

RAILROAD • TOTAL LDCO FLEET • 3218 !Rtf I 

CASE · LOCO"OTIYE FLEET SIZE • 

DCRR VERSUS STANDARD DIESEL • IS. 001 

TOTAL FLEET DF2 USED (Qtll a 462417920 IRtfl 

CASE· DF2 I LOCO 1000 91ll • 382.00 

STU I LOCO 1101 4 10 • 8.25 · 

FUEL SAYIN6S 10001 /YEAR /LOCO~TIYE • 163.181 

"AI NT COST ADDER 10001, AVE/YR OYER LIFE • 90 .• 519 

PLANT CAPITAL COST r 000 l • 67532 

NOTE: ALL I Ill TMOUSAIIDS 

INYEST~~T DEPRECIATION 
SCHEDUlE 

YEAR 1 15.00% 
2 22.001 
3 21.001 
4 21.00% 
5 21.001 

LOCOS LOCO COAL PROC TOTAL ANIIUAL DISCOUNTED 
PRCHSD INYEST""T INFRASTR. YEAR FUEL "AINT.CST AINY. TAX NET EIP. SII'PLE PRES.YAL tUftULATIYE 

YEAR OR RET DIFFRENtE INYEST"NT INYES~N SAYIN&S SAYINGS CR.+ D£PR ~sAYIN&S CASH FLOW CASH FLOW CASH FLD¥ 

1 16 ·1070 ·8780 ·9SSO 2611 ·1448 1665 628 ·1558 ·7558 -me 
2 16 ·1070 ·6144 ·7214 5222 ~2897 2216 1256 ·3743 ·325S ·10812 
3 16 ·1070 •6144 ·7214 7833 ·4345 2901 1883 ·2430 ·1838 -12650 
4 16 ·1070 ·6144 -7214 10444 ·5793 3598 2511 ·1105 ·727 ·1m7 
5 lb -1070 ·6144 ·7214 13054 ·7242 4295 3139 219 125 ·13251 

• 16 -1070 ·6144 -7214 15665 ·8690 4040 3767 592 295 ·12m 
7 16 -1070 ·11144 ·7214 18276 ·lOllS 4040 4395 1220 528 ·12429 
8 16 -1070 ·6144 ·7214 20887 •11586 4040 5022 1848 695 •11735 
9 lb •1070 ·11144 ·7214 23498 ·13035 4040 5650 2476 809 ·10925 

10 25 ·1613 ·9600 -11273 27578 ·15298 4726 6631 es 24 ·10901 
11 0 27578 ·15298 3232 6631 9863 2438 -IU3 
12 0 27578 ·15298 2483 6631 9114 1959 ·11504 
13 0 27S78 ·15298 1786 6ill 1417 1573 •4931 
14 0 27578 ·IS298 soeq 6631 n2o 1255 ·3676 
15 0 21578 ·15298 0 6631 6031 937 ·2139 
16 ·16 24961 ·13849 0 6003 6003 738 ·2001 
17 ·16 22356 ·12401 0 5376 5376 574 •1427 
1B ·16 19745 ·10"3 0 4748 4748 441 ·986 
19 ·16 11m ·9504 0 4120 4120 333 ·653 
20 ·16 14523 ·8056 0 3492 3492 245 ·407 
21 ·16- 11912 ·6608 0 2864 2864 175 ·232 
22 ·16 9301 ·5160 0 2237 2237 119 -114 
23 ·16 6690 ·3711 0 1609 1609 74 ·39 
24 ·16 4080 -2263 0 981 981 39 0 
25 ·25 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VI I I. ECONOMIC ANALYSIS 
G. ROM Coal Gasifier Gas Turbine 

IS RAILROAD ~IS. NO. 1 ~ 6% 0~ TOTAL ~LEET > 3000 HP • < 15 YRS OLD 

ALLOWABLE CAPITAL COST ADDER 1•,000lptr LOCO • ·12.610 

---------------------------------------------RAILROAD • TOTAL LOCO FLEET • 2148 !Rtf! 

CASE • LOCOftOTIVE FLEET SIZE 1 108 

DCRR VERSUS STAIDARD DIESEL • lS.OO% 

TOTAL FLEET DF2 USED !tall • 310263302 !Rtf! 

CASE • D~2 I LOCO 1000 9111 • 361.50 

BTU I LOCO 1101•10 • 7.81 INVESTNEIIT DEPRECIATION 
SCIOIA.E 

~UEL SAYIIISS 10001 /YEAR /LOCD~TJYE I 150.922 YEAR 1 15.00% 
2 22.001 

PIAl liT COST ADDER 10001 I AYE/YR OYER LIFt I 87.875 3 .. 21.001 
4 21.001 

PLANT CAPITAL COST ( 000 ) I 44108. 5 21.001 

IIOT£1 AU I II TIOJSMDS 
LOCOS LOCO COAL PROC TOTAL AI(IIIJAL DISCOUNTED 

PfiCHSD IIIVEST!IfT IIFRASTR. YEAR ~UEL "AIIIT.CST •Irv. TAl NET EIP. SUIPLE PRES.YAL CU~TIYE 
YEAR OR RET DIFFREIICE IIVEST"NT INVEST"" SAYINGS SAYIIISS CR; + DEPR •SAYIIISS CASH ~LOll CASH FLOII CASH FLOW ----- -------------------------· -------

I 10 126 ·6476 ·6350 1509 ·879 1073 340 ·4936 ·4936 ·4936 
2 10 126 ·3840 ·3714 3018 ·17S7 1270 681 ·1763 ·1533 ·6469 
3 10 126 ·3840 ·3714 4528 ·2636 1617 1021 ·1076 ·813 ·7282 
4 10 126 ·3840 ·3714 6037 -~~~ 1976 1362 -37& ·247 •7530 
5 10 m ·3840 ·3714 7546 ·4394 2334 . 1702 323 185 ·7345 
6 10 126 ·3840 ·3714 9055 ·5272 2080 2043 409 203 ·7142 
7 10 126 -3840 ·3714 105t5 ·6151 2010 2383 749 324 -6818 
B. 10 126 -3840 -m• 12074 -7030 2080 . 2724 1090 410 •6409 
9 10 126 ·3840 ·3714 13583 -7909 2080 3064 1430 467 -5941 

10 18 227 •6912 ·11085 16300 ·9490 2582 3677· -426 ·121 ·6062 
11 0 16300 -9490 1753 3677 5430 1342 ·4720 
12 0 16300 ·9490 1363 3617 5040 1083 ·3637 
13 0 16300 ·9490 1005 3677 4681 875 ·2762 
14 0 16300 ·9490 646 3677 4323 703 ·2059 
IS 0 16300 ·9490 0 3677 3677 520 ·1540 
16 ·10 14790 ·8612 0 3l36 3ll6 410 ·1130 
17 •10 13211 .. m3 0 2996 2996 320 ·810 
18 ·10 . 11172 ·6854 0 2656 2'56 247 ·563 
19 ·10 10263 ·5975 0 2315 2315 187 ·376 
20 ·10 8753 ·5097 0 1975 1975 139 -237 
21 ·10 7244 ·4218 0 1634 1634 100 ·137 
22 ·10 5735 ·3339 0 1294 1294 69 ·68 
23 ·10 4226 ·2460 0 953 953 44 ·24 
24 .. 10 2717 ·1582 0 613 613 2! 0 
25 ·18 0 0 0 0 0 0 .0 
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COAL BURNING LOCOMOTIVE STUDY 

VI I I. ECONOMIC ANALYSIS 
G. ROM Co a 1 Gasifier Gas ·Turbine 

UP RAILROAD FI6. NO. 1 ~ 13% OF TOTAL FLEET > 3009 HP ~ < IS YRS OLD 

ALLOMA8LE CAPITAL COST ADDER II,OOOlptr LOCO : -57.980 

---------------------------------------------
RAILROAD • TOTAL LOCO FLEET • 2569 1Rt4l 

CASE • LOCQftOTIYE FlEET SIZE • 244 

DCRR VERSUS STANDARD DIESEL • 1S.OO% 

TOTAL FLEET DF2 USED IQ&ll t 465!06829 IRtfl 

CAS! • D~2 I LOCO 1000 91ll • 338.70 

BTU I LOCO 1101•10 • 7.32 !NVEST"EMT DEPRECIATION 
SCHEDuLE 

FUEL SAYINSS 10001 /YEAR /LOCO~TIYE • 137.288 YEAR I 15.00% 
2 22.00% 

"AINT COST ADDERIOOOl, AYE/YR OYER LIFE • 84.933 3 . 21. ooi 
4 21.00% 

PLANT CAPITAL COST l 000 l • 911332 5 2!.001 

NOTE: ALL • IN THOUSANDS 
LOCOS LOCO COAL PRDC TOTAL ANNUAL DISCOUNTED 

PRCHSD IltvEST!INT INFRASTR. YEAR FUEL "AINT.CST •INY. TAX NET EXP. SI"PLE PRES.YAL CU"ULATIVE 
YEAR DR RET DIFFRENCE.INYEST"IIT INVEST"" SAYIN65 SAYIN6S CR.+ DEPR •SAYIN6S CASH FLOV CASH FLOW CASH FlOM 
---··-----------------·_.·-·-······---···----------------------······· .. ·--------------------------------------

1 24 !392 -11852 ·10460 3295 ·?038 1768 679 .. 8014 •1014 ·1014 
2 24 1392 -9216 ·7824 6590 -4077 2381 1357 ·4087 ·3553 -mu 
3 24 1392 ·9210 -7824 9885 ·6115 312! 2036 ·2664 ·2015 -m82 
4 24 1392 ·9216 ·7824 13180 ·8154 3881 2714 ·1230 ·809 ·14391 
5 24 1392 ·9216 ·7824 16475 ·10192 4636 3393 204 117 •14274 
6 24 1392 ·9216 ·7824 19769 -12230 4382 4071 628 312 ·13962 
7 24 1392 ·9216 ·7824 23064 -14269 4382 4750 1307 565 -13397 
8 24 1392 -9216 ·7824 26359 -16307 4l82 .. ·5429 1985 746 ·12650 
9 24 1392 ~9216 -7824 2•esc •18346 . 4382. 61117 2h414 871 -11780 

10 28 1623 ·10752 ·9129 ~~498 -20724 4602 U98 237? 67& ·11105 
11 0 33498 -20724 3191 6898 10090 2494 ·8611 
12 0 33498 ·20724 2394 6898 9292 1997 ·6614 
13 0 ll498 ·20124 1638 6898 8536 1595 ·5019 
14 0 33498 ·20724 882 b898 . 7780 1264 wl754 
15 0 33498 -20724 0 6898 U98 975 -2779 
10 ·24 30203 -18685 0 6220 6220 764 ·2015 
17 ·24 26908 ·16647 0 5541 5S41 592 ·1423 
18 -~ 23613 -14609 0 4863 4863 4S2 -971 
!9 -24 20319 ~12570 0 4184 4184 338 ·-633 
20 -24 17024 -10532 0 3506 3506 246 -387 
21 . -24 13729 -8493 0 2827 2827 m -214 
22 ·24 10434 ·6455 0 2149 2149 114 ·100 
23 ·24 7139 -4417 0 1470 1470 68 -32 
24 -l4 3944 . ·2378 0 792 792 32 0 
25 -28 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VIII. ECONOMIC ANALYSIS 

G. ROM Coal Gasifier Gas Turbine 

BN RAILROAD FI6. NO. 1 ~ 1~1 OF TOTAL FLEET > 3000 HP ~ ; !~ YRS OLD 

ALLGWABLE CAPITAL COST ADDER II,OOOlptr LOCO • 65.810 

---------------------------------------------RAILROAD - TOTAL LOCO FLEET z 2593 !Rtf l 

CAS£ - LOCOftOTIVE FlEET SIZE • 237 

DCRR VERSUS ST~DARD DIESEL • . 20.00% 

TOTAL Fl££T DF2 USED !gill • 514750379 IRtfl 

CASE - DF2 I LOCO 1000 gill I 418.90 

BTU I LOCO IIOJAIO I 9.05 INVESTNENT DEPRECIATION 
SCHEDULE 

FUEl SAVIN&$ 10001 /YEAR iLOCO"OTIVE I 185.247 YEAR 1 15.00% 
2 22.0n% 

ftAINT COST ADDEA!OOOI, AVE/YR-OVER LIF£ c 95.279 - 3 21.00% 
4 21.00% 

PLANT CAPITAL COST I 000 l = 93644 - 5 21.00% 

ltOTE: ALL I IN THOUSANDS 
LOCOS LOCO COAL PROC TOTAL ANNUAl. DISCOUNTED 

PRCHSD INVEST~ INFRASTR. YEAR FUEL "AlNT.CST AINV. TAX NET EIP. SI"PLE PRES.VAL CU"ULATIVE 
YEAR OR RET DIFFRENCE INVEST"NT INYEST"N SAYIN65 SAYIN6S CR.+ DEPR ASAYINSS CASH FLOW CASH FlON CASH FlDM 

-----------------------------------------------------------------------------~--------------------------------
1 23 -1514 -11408 -12982 4261 -2191 2194 1117 -9670 -9670 -9070 
2 23 -1514 -8832 -10346 8521 -4383 3062 2235 -5049 ·4207 - ·13878 
3 23 -1514 -8832. ·10346 12782 ·6574 4049 3352 ·2944 ·2044 -15922 
4 23 -1514 -8832 -10346 17043 -8706 son 4470 ·827 -479 ·16401 
5 23 -1514 -8832 -10346 21303 -10957 6048 5587 1290 622 ·15779 
0 23 -1514 -8832 -10346 25564 -13149 5794 6704 2152 865 . •14914 
7 23 -1514 -8832 -10340 29825 -15340 5794 7822 3270 1095 -!l8t9 
8 23 ·1514 -8832 -10346 34085 -17531 5794 8939 4387 1224 ·12S94 
9 23 -1514 ·8832 -10346 38346 -19723 5794 10057 5505 1280 ·11314 

10 30 -1974 -11520 -13494 43904 -22581 6326 11514 4345 842 ·-10472 
11 0 43904 -22581 4364 11514 IS878 2504 ·7908 
12 0 43904 -22581 3302 11514 14816 1994 ·.-~914 

13 0 43904 ·22581 2303 11514 13817 1550 ·4364 
14 0 43904 -22581 1304 11S14 12818 1198 -3166 
IS 0 43904 -22581 0 11S14 11514 897 ·2269 
16 -23 39643 -20390 0 10397 10397 675 ·1594 
17 ·23 35382 -18198 0 9279 9279 502 ·1092 
18 ·23 31122 -16007 0 8162 8162 368 ·725 
19 -23 26861 •13815 0 7045 7045 265 -uo 
20 -23 22600 -11624 0 5927 "27 186 -274 
21 -23 18339 -9m 0 4810 4810 125 -149 
22 -23 14079 ·7241 0 3692 3692 80 -69 
23 ·23 9818 -5o 5o 0 2575 2575 47 -22 
24 ·23 5557 ·2859 0 1457 1457 22 0 
2S -30 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

.VIII. ECONOMIC ANALYSIS 
G. ROM Coal Gasifier Gas Turbine 

CSl RAILROAD FI&. MO. 1 ~ 61 OF TOTAL FLEET > 3000 HP • < 15 YRS OLD 

ALLOWABLE CAPITAL COST ADDER 11 10001ptr LOCO • ·34.580 

--·------------------------·-----------------
RAILROAD • TOTAL LOCO FLEET • 3218 IAtfl 

CASE • LOCOROTIVE FLEET SIZE • 169 

DCAA VERSUS STAQARD DIESEl. • 20.001 

TOTAL FLEET DF2 USED IQ&ll • 462417920 IAtfl 

CASE · DF2 I LOCO (000 eall • m.oo 
ITU I ~OCO 1101•10 ~ 1.~5 INYSSTNiNT DEPRECIATION 

SCHEDULE 
FUEl SAVIN&S 10001 /YEAR /L~TIYE • 163.181 YEAR 1 15.001 

~ 22.001 
· NAINT COST ADDERIOOOI, AYE/YR OVER LIFE • 90.51~ 3 21.001 

4 21.001 
PLAMT CAPITAL COST I 000 I • 67532 5 21.001 

NOTE: ALL • IM THOUSANDS 
LOCOS LOCO COAL PROt TOTAL ANNUAL DISCOUNTED 

PACHSD INVESTNNT INFRASTR. YEAR· FUEL NAIIIT.CST •tNV. TAl N;T EIP. SllfPL~ PRES.YAL CUftVLATI~ 
YEAR OR RET DIFFREIICE INVESTftNT INYESTNII SAYIN&S SAYIM&S CA.+ DEPR •SAVII&S CASH FLOW CASH FLOI CASH FLOW 

--····---------------------------------·----------------------------------------------- -------
1 16 553 ·8780 ·8227 2611 ·1448 1390 628 ·620~ -620~ ·6209 
2 u 553 ·•144 ·"91 522~ ·2897 1717 1256 ·2551 ·2131 •8340 
3 16 553 -6144 -5591 7833 ·4345 2305 1883 -1402 -974 -9314 
4 16 553 -uu ·5591 10444 -5793 2845 2511 ·234 ·136 -944~ 

5 16 553 -6144 -5591 13054 -7242 3385 3139 934 450 ·8999 
6 16 553 -6144 ·5591 15665 -8690 3131 3767 1307 525 ·8H4 
1 16 553 -6144 _,,1 18276 -10138 3131 4395 1~35 u8 -7826 
8 16 ''~ -6!44 -55~1 20887 ·11SU 3131 5022 2562 715 -711l 
9 16 553 -61« -5591 23498 -13035 3131 S.50 3190 742 -6309 

10 25 U5 •UOO ·173. ~7571 ·15~91 lU2 Ul1 ~551 302 ··0·1 
11 0 27578 •15298 2~04 ~631 913~ 1475 ·4591 
1' 0 27578 -15298 1924 U~J "" m~ ·3440 
13 0 27578 -15298 1384 11631 801~ 899 -2541 
14 0 27578 •15298 844 ~631 7475 '" ·1842 
15 0 27578 -15298 0 6631 6631 516 ·1326 
16 -111 24967 ·13849 0 6003 6003 390 -~36 

17 -u 22356 ·12401 0 5l7' 5l" 2'1 ·645 
18 -16 19745 -109~3 0 4748 4748 214 -431 
19 -a 17134 -9504 0 4120 4120 1~ ·277 
20 -16 14~23 ·8056 0 3492 3492 109 -167 
21 ·16 11912 -6608 0 2864 2h4 75 -93 
22 •16 '301 ·5160 0 2237 2237 49 -44 
23 -a 6690 ·3711 0 160~ 1609 2~ -15 
24 -16 4080 -2263 0 981 981 15 0 
25 ·2~ 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VI I I. ECONOMIC ANALYSIS 
H. Fluid Bed Steam Turbine 

SFt RAILROAD Fl&. NO. 1 • 91 OF TOTAL FlEET > 3000 HP ' < IS YRS OLD 

ALLOWABLE CAPITAL COST ADDER II,OOOlptr LOCO • ·67,680 

---------------------------------------------RAILROAD • TOTAL LOCO FLEET • 39SO I Rtf> 

CASE · LOCOI!OTIYE FlEET SIZE • 212 

DCRR VERSUS STA.DARD DIESEL • 15.00% 

TOTAL FLEET DF2 USED lOIII • 652249114 IRtfl 

CASE • DF2 I LOCO 1000 91ll • 302.20 

BTU I LOCO 1101•10 • 9.80 I•VESTMEJT DEPRECIATION 
SCHDULE 

FUEl SAYIWSS 10001 /YEAR /LOC~TlYE • 93.810 YEAR 1 15.00% 
2 22.00% 

NAINT COST ADDERIOOOl, AYE/YR OYER LIFE • 68.769 3 21.00% . 
4 21.00% 

PLANT CAPITAL COST. I 000 l • 47308 5 21.001 

IIOTE: ALL • IN THOUSANDS 
LOCOS LOCO COAL PROC TOTAL AlllfiJAL DISCOUNT£» 

PRCHSD INYESTNNT INFRASTR. YEAR FUEL NAI•T.CST •INY, TAl NET EIP. SI"'LE PRES.YAL CUNULATIYE 
-,'t:~ 

YEAR OR RET OIFFRENCE IMYESTNNT INYESTNN SA~IN&S SAYINSS CR.+ DEJIR •SAYIQS CASH Fl!lll CASH FlOW CASH FlOW . 
---------------------------------------------------------------------------------

1 21 1421 ·7067 ·5646 1970 ·1444 9S4 284 ·4408 ·4408. ·4408 
2 21 1421 ·4431 ·3010 3940 ·2888 1080 568 ·1362 ·1184 ·5592 
3 21 1421 ·4431 ·3010 5910 ·4332 . 1359 852 ·799 ·604 -6196 
4 21 1421 ·4431 ·3010 7880 ·5777 1U9 1130 ·225 ·148 . ·6344 
5 21 1421 ·4431 ·3010 9850 ·7221 1940 1420 350 200 ·6144 
6 21 1421 ·4431 ·3010 11820 ·8665 16" 1704 379 189 ·5955 
7 21 1421 ·4431 ·l010 13790 ·10109 16BS 1988 6U 287 ·56U 
8 21 1421 ·4431 ·3010 15760 . ·11553 1685 2272 947 356 ·!312 
9 21 1421 ·4431 ·3010 17730 ·12997 1685 2556 1231 403 ·4909 

10 23 1557 ·4853 ·3296 19888 ·14579 1734 2867 1304 371 ·4!39 
11 0 19888 ·14579 1206 . 2867 4072 1007 ·3532 
12 0 19888 ·14579 900 2B67 3767 810 ·2722 
13 0 19888 ·14579 609 2867 3476 650 ·2073 
14 0 19888 ·14579 318 . 2867 3185 518 ·1555 
IS 0 19888 ·14579 0 2867 2867 405 ·1150 
16 ·21 17918 ·1J135 0 2583 2583 317 •832 
17 ·21 . 15948 ·ii691 0 2299 2299 246 ·587 
18 ·21 13978 ·10247 0 2015 2015 187 ·400 
19 ·21 12008 ·8802 0 1731 1731 140 ·260 
20 ·21 10038 -7358 0 1447 1447 102 ·158 
21 -21· 8068 ·5914 0 1163 1163 71 -87 
22 ·21 6098 •4470 0 879 879 47 ·40 
23 ·21 4128 ·3026 0 595 595 27. ..u 
24 •21 2158 ·1582 0 311 311 12 0 
25 ·23 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VI I I. ECONOMIC ANALYSIS 

H. Fluid Bed Steam Turbine 

Btl RAILROAD FIS. NO. 1 ~ 91 OF TOTAL FLEET > 3000 HP ~ < 15 YRS OLD 

ALLOMAILE CAPITAL COST ADDER IS,OOOlptr LOCO • 486.900 

-----------·---------------------------------RAILROAD • TOTAL lOCO FLEET • 2593 1Rt4l 

CASE • LOCOftOTIVE FLEET SIZE • 164 

DCRR VERSUS STMDAU DIESEL ~ 15.001 

TOTAL FLEET DF2 USED IQill • 514750379 1Rt4l 

CASE • DF1 I LOCO 1000 91ll • 418.90 

BTU I LOCO 1101·10 • 13.58 INVEST~ DEPREClATlOM 
9CH£Dil.E 

FUEL SAVIII&S IOOOl /YEAR /LOCOIIOTIYE • 184.124 YEAR 1 15.001 
2 22.001 

ftAINT COST ADD£RIOOOl, AY£/YR OVER LIFE • 73.904 3 21.001. 
4 21.001 

PLANT CAPITAl COST I 000 l • 37240 5 21.001 

lilT£: ALL • IN THOUSANDS 
LOCOS LOCO COAL PROC TOTAL AIIIIUAL DISCOUNTED 

PRCHSD INYESTNNT INFRASTR. YEAR FUEL NAIWT.CST •!NV. TAl NET EIP. SIItPlE PRES.VAL CUNULATIYE 
YEAR OR .RET DIFFRENCE INYESTN•T INYEST!nl SAVINGS SAY I II&S CR. + DEPR "SAY 11165 CASH FLOW CASM FLON CASH FLDM 

--···--·····-------···--------------------··----.----------···----------.. ·-------------------------------·-··· 
1 16 -n9o ·6012 ·13802 2946 ·1112 23n 952 ·10517 ·10517 ·10517 
2 16 -1no ·l3H ·11166 5892 ·236S 3214 1905 ·5971 ·5198 ·15711 
3 16 -n9o ·3376 ·11166 8838 ·3547 4350 2857 ·3959 ·2994 ·18709 
4 16 ·7790 ·ll76 ·11100 11784 . ·4730 5429 3809 ·1921 -1268 -1nn 
5 1b -mo -3376 -11166 14730 ·5912 6508 4762 103 59 -1nu 
b 16 -n9o ·3376 ·11166 m76 ·7095 6253 5714 801 398 ·19520 
7 16 -n•o ·3376 ·111U 20622 ·8277 6253 ... 6 1753 7SB •18762 
I 16 ·7790 ·3376 ·11166 23568 ·9460 6253 7618 2705 1017 ·17745 
9 16 -n9o ·3376 ·11166 26514 ·10642 6253 8571 3657 1196 -1e5o 

10 20 ·9738 ·4220 -1~" 30!9~ ·12120 672~ 9761 2528 719 ·15831 
11 0 301 .. •12120 4049 9761 14410 ~62 ·12269 
12 0 30196 ·12120 3506 9761 13267 2952 ·9418 
13 0 30196 ·12120 2427 9761 12188 2278 ·7139 
14 0 lOI" •12120 1348 9161 111a. 1106 ·533• 
15 0 30196 ·12120 0 9761 9761 1380 ·3954 
16 ·16 27250 ·10938 0 8809 no• 1083 ·2872 
17 ·16 24304 -tm 0 7156 7156 140 ·2032 
18 ·16 21358 ·8573 0 6904 6904 642 ·1391 
19 ·16 18412 . -7390 0 S952 5952 411 •910 
20 -16 15466 ·6208 0 5000 5000 351 ·558 
21 ·16 12520 ·5025 0 4047 4047 247 ·311 
22 ·16 9574 ·3843 0 3095 3095 164 ·147 
23 -16 6U8 ·2661 0 2143 2143 99 ... 
24 . -a 3U2 ·1478 0 1190 1190 48 0 
25 ·20 0 0 0 0 0 0 .0 

VII I-58 



COAL BURNING LOCOMOTIVE STUDY 

VIII. ECONOMIC ANALYSIS 
H. Fluid Bed Steam Turbine 

CR RAILROAD FIS. NO. 1 ~ 91 OF TOTAL FLEET > 3000 HP ' < IS YRS OLD 

· ALLOMABLE CAPITAL COST ADDER II,OOOiptr LOCO • -S6.1SO 

---------------------------------------------
RAILROAD · TOTAL LOCO FLEET • 2447 1Rt41 

CASE • LOCOftOTIYE FlEET SIZE • 6S 

DCRR VERSUS STAMDARD DIESEL • 1S.OO% 

TOTAL FLEET DF2 USED lg•ll • 290376SSS IRtfl 

CASE - DF2 I LOCO 1000 g•ll • 31S.30 

BTU I LOCO 1101"10 • 10.22 IIIVESTNEIT DEPRECIATION 
SCHEDULE 

FUEl SAYIN&S !0001 /YEAR /LOCO~TIYE • 103.948 YEAR I IS.OO% 
2 22.00% 

"AINT COST ADDER!OOOI, ~YE/YR OVER LIF! • 69.34S 3 . 21.00% 
4 . 21.00% 

PLANT CAPITAl COST I 000 l 2 16351 s 21.00% 

NOTE: ALL • I II THOUSANDS 
LOCOS LOCO COAl PRDC TOTAL ANNUAl DISCOUNTED 

PRCHSD INVEST"NT I.IIFRASTR. YEAR FUEL NAINT.CST AJIIY. ·TAX NET EIP. SIIIPLE PRES.YAL CUIIULATIYE ,. 
YEAR DR RET D!FFR£NCE INVESTIINT INYESTIIN SAY!N&S SAYIN&S CR.+ DEPR .. SAYIN&S CASH FLOW CASH FLOW CASH FLOM 

-------------------------------------------------------------------------------------------------
I 0 337 -3902 ·3So5 624 ·416 603 112 ·2850 ·2850 ·2850 
2 0 337 ·1266 -929 1247 -832 SIS 224 -187 -163 ·3013 
3 6 337 ·1266 -929 1871 ·1248 595 ·336 3 2 ·3011 
4 6 337 ·1266 -929 2495 ·1664 685 448 20S 134 -2877 
5 6 337 -1266 -929 3118 -2080 775 561 406 232 -2644 
6 6 337 ·1266 -929 3742 ·2496 S20 673 264 Ill ·2S13 
7 6 337 ·1266 -929 4366 ·2912 520 78~ 376 163 -2!!1 
8 6 337 ·1266 -929 4989 -3329 S20 897 0 488 183 -2167 
9 6 337 -1266 -929 5613 -3745 S20 1009 600 196 •1971 

tO 11 618 -2321 ·1703 67!7 -4!07 651 1215 162 46 . ·1925 
II 0 6757 -4507 442 1215 .1656 409 -1!15 
12 0 6757 -4507 344 1215 1559 llS -1180 
13 0 6757 -4507 254 1215 1469 275 ·-906 
14 0 6757 -4507 165 1215 1379 224 -682 
15 0 6757 ·4507 0 1215 121! 172 ·510 
16 -6 6133 -4091 0 1102 1102 135 -375 
17 ., 5509 -367! 0 t90 t90 106 ·269 
18 -6 4886 -3259 0 878 878 82 -187 
19 -6 4262 ·2843 0 766 766 62 -125 
20 -6 3638 ·2427 0 6!4 654 46 -79 
21 -6 3014 ·2011 0 542 542 33 -u 
22 -6 2391 ·1!95 0 430 430 23 -23 
23 ·6 1767 ·1179 0 318 318 IS -9 
24 _, 1143 -763 0 206 206 8 0 
25 ·I! 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VIII. ECONOMIC ANALYSIS 

H. Fluid Bed Steam Turbine 

CSI RAILROAD FI&. 10. 1 - 41 OF TOTAL FLEET > 3000 HP ~ < 15 YRS OLD 

ALLDMABLE CAPITAL COST ADDER II,OOOlptr LOCO • 297,400 

RAILROAD • TOTAL LOCO FLEET • 3218 IRtfl 

CASE · LOCOROTIYE FLEET SIZE • 117 

DCRR YERSU6 STAllARD DIESEL • 15.001 

TOTAL FLEEi DF2 USED lttll • 462417920 IRtfl 

CASE • DF2 I LOCO 1000 9111 • 382,00 

BTU I LOCO 110lA10 • 12.38 

FUEL. SAYI.SS 10001 /YEAR /LOCDPIOTIYE • 155.567 · 

ftAIIT COST ADDERIOOOI, AYE/YR OVER LIFE • 72.280 

PLAMT CAPITAL COST I 000 l • 27323 

IIOT£: ALL • IN THOUSANDS 
LOCOS LOCO COAL PROC TOTAL 

PRCHSD INVES~T IMFRASTR. YEAR FUEL ftAINT.CST AJNY. TAX NET EXP. 

lNYiSTNENT DiPRiClATlON 
SCHEDUlE 

YEAR 1 15.001 
2 22.001 
3 21.001 
4 21.001 
5 21.001 

AltiUAL DISCOUNTED 
SUWLE PRES,Y~ OU"ULATI~ 

ytAA OR RET DIFFR£NCE INV£STftiT INY£ST!ftl SAYIN&S SAYIN&S CR.• DEPR •SAYIN&S CASH FLOW CASH FlO. CASH FlOW ------- ----------------------------------------------····· ··--- ----
1 11 ·3271 ·4957 ·8228 1711 ·795 1391 495 ·6343 -6343 -6343 
2 11 ·3271 ·2321 ·5!92 3422 ·1!90 1778 989 ·2825 ·2451 ·1100 
3 11 ·3271 -2321 ·5592 5134 ·2385 2306 1484 ·1802 ·1363 ·10163 
4 11 ·3271 ·2321 ·5592 6845 ·3180 2846 1979 .,.7 -sos •10667 
s 11 ·3271 ·2321 -5592 8556 ·3975 3386 2474 268 m· ·10514 

' 11 ·3271 ·2321 ·5!92 10267 ·4770 3132 2968 SOB 252 ·10262 
7 11 ·3271 ·2321 ·5!92 11979 ·5566 3132 3463 1002 433 -9121 
8 !! ·317\ ·2l2~ ·5!92 uno. •IIlli I l132 3958 tn7 w ·9U~ 
9 11 ·3271 ·2321 ·5!92 . 15401 ·7156 3132 44!3 1.92 651 -1614 

10 18 ·53S3 ·3798 ·9151 18201 ·8457 3733 5262 ·156 ·44 -8659 
II 0 18201 ·8457 2547 5262 7109 1930 -6728 
12 0 18201 ·8457 1U4 ~U2 7227 tm ·51" 
13 0 18201 -8457 1424 5262 "86 1250 ·l92S 
14 0 18201 ·8457 884 !262 6146 '" -2926 
15 0 18201 -am 0 5262 !262 744 -2183 
a ·11 10490 ·76o2 0 4767 47o7 sao ·1597 
17 -11 14779 ·11867 0 4273 4273 457 ·1UO 
18 ·11 130118 ·6072 0 3778 3778 lSI ·71' 
19 ·11 11356 ·527o 0 3283 3283 265 -524 
20 ·11 9645 ·4411 0 2788 2788 196 ·328 
21 ·11 n34 ·36Bo 0 2294 2294 140 ·Ill 
22 ·11 6223 ·2891 0 1799 1799 96 ·92 
23 ·11 4511 ·2096 0 1304 1304 . 110 ·32 
24 ·11 2800 ·1301 0 810 810 33 0 
25 ·18 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VIII. ECONOMIC ANALYSIS 

H. Fluid Bed Steam Turbine 

J5 RAILROAD FIS. NO. 1 ' 4% OF TOTAL FLEET > 3000 HP ' < 1~ YRS OLD 

'ALLOWABLE CAPITAL COST ADDER IS,OOOlptr LOCO • 176.0~0 

RAILROAD · TOTAL LOCO FLEET • 2148 IRtfl 

CASE • LOCOIIOTIYE FLEEi SIZE • 7~ 

DCRR VERSUS STAJIDAIID DIESEL • 15.00% 

TOTAL FLEET DF2 USED l91ll • 310263302 IRtfl 

CASE • DF2 I LOCO 1000 91ll • 361.50 

BTU I LOCO 1101"10 • 11.72 

FUEl SAYINSS 10001 /YEAR /LOCOROTIYE • 139.702 

~INT COST ADDERIOOOl, AYE/YR OYER LIFE • 71.378 

PLANT CAPITAL COST I 000 l = 184ol 

NOTE: ALL S IN THOUSAJIDS 

IIIVES~T DEPRECIATION 
SCH£DtA.E 

YEAR I 15.00% 
2 22.00% 
3 21.00% 
4 21.00% 
~ 21.00% 

LOCOS LOCO COAL PROC TOTAL ANNUAL DISCOUNTED 
PRCHSD IIIYESTI!IIT INFRASTR. YEAR FUEl. IIAINT .CST "IllY. TAl NET EIP. SIIIPlE PRES. YAL CUIIIJLATIYE 

YEAR OR RET DIFFRDCE IlfYESTitfT IIIYESTilll SAYIIISS SAYIN&S CR.+ DEPR "SAYINSS CASH FLI* CASH FLOW CASH FLOII ------------------------------------------------
1 7 ·1232 ·4113 ·5345 978 -soo 903 25B ·4184 ·4184 ·4184 
2 7 ·1232 ·1477 ·2709 1956 ·999 999 517 ·1194 ·1038 ·5222 
3 7 -1232 ·1477 ·2709 2934 ·1499 1248 17~ .. ,. -~19 ·5741 
4 7 ·1232 ·1477 -2709 3912 ·1999 lSIO 1033 ·166 . ·109 •51 50 
5 7 ·1232 ·1477 ·2709 4890 ·2498 1772 1291 354 202 ·5048 
6 7 ·1232 ·1477 ·2709 5&67 ·2998 1517 1550 357 178 ·5470 . 
7 7 ·1232 ·1477 ·2709 6845 ·3498 1517 1808 616 266 ·5204 
a 1 •1232 ·1477 ·270.9 7823 ·3997 1517 2066 874 329 ·4875 
9 7 ·1232 ·1477 ·2709 8801 ·4497 1517 2324 1132 370 ·4505 

10 12 •2113 -2532 ·4045 10418 ·5353 1844 2767 ·33 ·9 ·4515 
11 0 10478 -sm 1255 2767 4022 994 ·3520 
12 0 10478 ·53Sl 912 2767 3739 804 ·2717 
13 0 10478 ·5353 710 27o7 3478 650 •2067 
14 0 10478 ·5353 449 2767 3216 523 ·1544 
15 0 10478 ·5353 0 2767 2767 391 ·1153 
u -7 9500 . ·4854 0 2509 2'09 308 ·845 
17 ·1 8522 •4354 0 225i 2211 241 •lr04 
18 ·1 7544 ·3854 0 1992 1992 ISS ·419 
19 ·7 6566 ·3355 0 1734 1734 140 ·279 
20 ·1 5588 ·2855 0 1476 1476 104 ·175 

·21 . •7 4610 -2355 0 1218 1218 74 ·101 
22 -7 3632 ·18So 0 959 959 51 ·SO 
23 -7 2654 ·US6 0 701 701 32 ·17 
24 -7 1616 ·857 0 443 44l 18 0 
2! ·12 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VI I I. ECONOMIC ANALYSIS 
H. Fluid Bed Steam Turbine 

" RAILROAD FI&. NO. 1 ~ 91 OF TOTAL FLEET > 3000 HP ' < IS YRS OLD 

ALLOWABlE CAPITAL COST ADDER lt,OOOip1r LOCO • 101.690 

--------------------------------RAILROAD • TOTAL LOCO FLEET • 2569 IR1fl 

CASE • LOCOftOTIYE FLEET SIZE • 169 

DCRR VERSUS STAIDARD DIESEL • 15.001 

TOTAL FLm DF2 USEJI !911) • 465106829 IRtf) 

CASE • DF2 I LOCO 1000 911) .• m.7o 
BTU I LOCO 1101"10 • 10.91 IMSnoT DmECJATIDM 

9C)OIA.£ 

FUEl. SAYIIISS 10001 /YEAR /LDCOfiOTIYE • 122.057 YEAR 1 15.001 
2 22.001 

ftAJNT COST ADDERIOOOI, AYE/YR OYER LIFt • 70.375 3 21.001 
4 21.001 

PLANT CAPITAL COST I 000 l • 38295 5 21.001 

NOTE: ALL I II THOUSAQS 
LOCOS LOCO COAL PROt TOTAL ANIUAL DISCOUNm 

PRCMSD IIIYESniiT IlnASTR. YEAR FUEL "AIWT.CST "IIV. TAl NET EIP. SINPlE PRES. YAL CUIIIUTIYE 
YEAR OR RET DIFFRDC£ JNYESTIIIIT JNYEST"N SAYIN&S SAYIIISS CR.+ DEPR "SAYII&S CASH F\OM CASH FLOII CASH Fl.OM ----- -----------

1 16 ·1627 ·6012 ·7639 1953 ·1126 1291 447 ·5902 ·5902 ·5902 
2 16 •1627 ·3376 •5003 3906 ·2252 16U 1'3 ·2m ·2166 -IOU 
3 16 ·1627 ·3376 -~03 5859 -me 2090 1340 ·1574 . ·1190 -ma 
4 16 ·1627 ·337i ·SOOl 781l -4504 l~7l 1786 -·44 ·42l .... 1 
5 16 -1627 ·3376 ·5003 9765 ·5630 3056 22n 286 164 -9518 
6 16 ·1627 ·3376 ·5003 11717 -6756 2802 2679 478 238 -mo 
7 16 ·1627 -3376 ·5003 13670 ·7882 2802 3126 924 400 -8880 
8 16 ·1627 ·3316 ·50C3 15623 ·9008 2802 3572 1371 515 -1365 
9 16 .. 1627 •n76 •5003 17576 •10134 2802 4019 1817 594 -m1 

10 25 ·2542 ·5275 ·7817 20628 ·11893 3277 4717 177 50 ·7721 
11 0 20U8 ·11893 2241 4717 6957 1720 --6001 
12 0 20628 ·11H3 1n2 4717 6438 1384 ·4617 
13 0 20628 ·1189~ 12311 1717 5955 1113 •3504 
14 0 20628 ·11893 m 4717 5472 889 ·2615 
15 0 20628 ·11893 0 4711 4717 .07 •1948 
16 ·16 18675 ·10767 0 4270 4270 525 ·1423 
17 ·16 16722 ·9641 0 3823 3823 409 •1015 
11 ·16 14769 ·8515 0 3317 liD 314 ·701 
19 ·16 12816 ·7389 0 2930 2930 237 ·46' 
20 ·16 10863 ·6263 0 2484 2484 175 ·290 
21 ·16 8910 ·5137 0 2037 2037 124 ·165 
22 -a 6957 ·4011 0 1591 1591 85 ·81 
23 ·16 5004 ·2885 0 1144 1144 53 ·28 
24 ·16 3051 ·1759 0 698 698 28 0 
25 ·25 0 0 0 0 0 0 0 
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COAL BURNING LOCOMOTIVE STUDY 

VI I I. ECONOMIC ANALYSIS 

H. Fluid Bed Steam Turbine 

8fl RAILROAD FI&. NO. I ~ 9% OF TOTAL FLEET > 3000 HP • < IS YRS OLD 

ALLOWABLE CAPITAL COST ADDER II,OOOlptr LOCO • 335.220 ···--------------------
RAILROAD • TOTAL LOCO FLEET 1 2593 IRtfl 

CASE • LOCOftOTIYE FLEET SIZE I 164 

DCRR VERSUS STANDARD DIESEL • 20.001 

TOTAL FUET DF2 USED l91l l • 514,0379 !Rtfl 

CASE· DF2 I LOCO 1000 9111 • 418.90 

BTU I LOCO IIOJAIO • 13.58 IIYEST~·T DEPRECIATION 
SCHEDULE 

FUEL SAYI•&s 10001 /YEAR /LOCOftOTIYE • 184.124 YEAR I IS.OO% 
2 22.00: 

IIAIIT COST ADDER 10001, AVE/YR OYER. LIFE • 73.904 3 21.001 
4 21.00% 

PLANT CAPITAL COST I 000 l • 37240 s 21.001 

NOTE1 ALL I I • THOUSAJIDS 
LOCOS LOCO COAL PROC TOTAL ANNUAL DISCOUNTED 

PRCHSD INVESTIIIT IMFRASTR. YEAR FUEL IIAIWT.CST •INY. TAr NET ErP. SIIIPLE PRES.YAL CUIIULATIYE 
J:~ 

YEAR OR RET DIFFRENCE INYESTIIIT INYESTIIII SAYIN&S SAYI.&S CR.+ D£PR •sAYI•&S CASH FLOW CASH.FLOM CASH FLOW --- ------------------- __________ .....,.. _______ ..... 
I 16 ·5364 ·6012 ·11376 2946 ·1182 1922 952 ·8501 ·8501 ·8501 
2 16 ·5364 ·3376 ·8740 5m ·2365 2628 1905 ·4207 ·3506 ·12006 
3 16 ·5364 ·3376 ·8740 8838 ·3547 3460 2857 ·2422 ·1U2 ·13U9 
4 16 ·5364 -m& ·17.0 117i4 ·4730 4305 3809 ·626 ·362 ·14051 
s 16 -5304 ·3376 ·8740 14730 ·5912 5149 4762 1171 565 ·13486 
6 16 -5364 -3376 ·8740 17676 ·7095 4894 5714 1868 751 ·12735 
7 16 ·5364 ·3376 :-8740 20622 ·8277 4894 6666 2821 945 ·11191 
8 16 ·5364 ·3376 ·8740 23568 ·9400 4894 7618 3773 1053 ·10738 
9 16 ·5364 -3376 ·8740 26514 ·10642 4894 8S71 4725 1099 -9639 

10 20 -6704 -4220 -10924 30196 ·12120 5263 9761 4100 795 ·8844 
11 0 30196 ·12120 3638 9761 13399 2164 -6680 
12 0 30196 ·12120 2744 9761 12505 1683 ·4997 
13 0 30196 ·12120 1900 9761 11661 1308 ·-3689 
14 0 30196 ·12120 lOSS 9761 10816 1011 ·2678 
IS 0 30196 ·12120 0 9761 9761 760 ·1918 
16 ·16 27250 ·10938 0 8809 8809 572 ·1346 
17 ·16 24304 _,,, 0 7156 7156 us .. nt 
18 ·16 21358 ·8573 0 6904 6904 311 ·610 
19 ·16 18412 ·7390 0 5952 5952 224 ·3B6 
20 ·16 15466 ·6208 0 5000 5000 156 ·230 
21 ·16 12520 ·S02S 0 4047 4047 106 ·124 
22 ·16 9574 ·3843 0 3095 30" 67 ·57 
23 ·16 6628 ·2661 0 2143 2143 39 ·18 
24 -16 3682 ·1478 0 1190 1190 18 0 
25 ·20 0 0 0 0 0 0 . 0 
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COAL BURNING LOCOMOTIVE STUDY 

VIII. ECONOMIC ANALYSIS 
H. Fluid Bed Steam Turbine 

CSI RAILROAD FI&. NO. I ~ 41 OF TOTAL FLEET > 3000 HP l < 15 YRS OLD 

ALLDMABLE CAPITAL COST ADDER IS,OOOiptr ·LOCO • 179.750 -----------------·· .. 
RAILROAD • TOTAl. LOCO FLEET • 3218 1Rt41 

CASE • LOCOROTIYE FLEET SIZE • 117 

DCRR VERSUS STMOMD DIESEL • 20.001 

TOTAL FlEET DF2 USE» l9all • 462417920 lbfl 

CASE • DF2 I LOCO 1000 etll • ~ez,oo 

BTU I LOCO 1101•10 ~ 12.38 IWVEST~•T DEPRECIATION 
SCMEDUU 

FUEl SAYIN65 !0001 /YEAR /LOCO~TIVE • m.so7 YEAR 1 15.001 
2 22.001 

MINT COST WERIOOOl I 'AYE/YR OYER LtF£ .• J2.280 3 21.00i 
4 21.001 

PLANT CAPITAL COST ! 000 l • 27323 5 21.001 

NOTE: ALL • IN THOUSAIDS 
LOCOS LOCO COAL PROC TOTAL AfflfUAL D 1 SCDUifTED 

PRCHSD INYESTftNT INFRASTR. YEAR FUEL "AINT,CST •JNY. TAl NET EIP. SlltPLE PRES.YAL CURULATIYE 
YEAR DR RET DIFFRENCE INYESTRNT INVEST"N SAYIN&S SAYING$ CR.+ D(PR •sAYIM&S CASH FLOW CASH FLOM CASH FLDM 
----------------------------------------------------------------------------

1 II ·1977 ·4957 ·6934 1711 ·795 1172 '" ·52U ·52" ·52U 
2 11 ·1977 -2321 .• ,.a l.22 ·1590 1421 999 ·1881 ·1567 -.us 
3 11 ·1917 ·2321 ·4298 5134 -2385 1831 1484 ·983 ·1183 -7517 
4 11 -1977 ·2321 -4298 6845 ·3180 2246 197CI -13 ·42 ·75110 
5 11 -1977 ·2321 -4298 85511 ·3975 211112 2474 837 404 ·71511 
0 11 ·1977 ·2321 -4298 10267 ·4770 2407 2968 1077 433 -11723 
7 11 -1977 -2321 -4298 11'" •5560 2407 3463 1572 . 526' .. 197 
8 11 -1977 -2321 -4m U690 -·~~t ~407 3958 2067 517 ·5620 
9 11 ·1977 ·2321 ·4298 tS401 ·7150 2407 4453 2561 596 -$024 

10 18 ·l2l6 ·l798 -7034 18201 ·8457 2869 . 5262 1098 213 ·4811 
11 0 18201 ·8457 19S7 52112 7219 1166 -3645 
12 0 18201 -84~7 1510 5262 6172 911 ·2734 
13 0 18201 -8457 1095 5262 6357 1i3 ·2021 
14 0 18201 -8457 679 ~262 ,941 sn •1466 
15 0 18201 ·8457 0 52•2 52U 410 -1os• 
a -11 16490 -7602 0 47lt7 4767 309 -747 
17 ·11 14779 ·6167 0 4273 4213 231 ·515 
18 -11 130U -6072 0 3778 3778 170 ·345 
19 ·11 11356 -5276 0 3283 3283 123 .. 222 
20 ·11 9645 -4481 0 2788 2788 87 -m 
21 -11 7934 -3086 0 2294 2294 ItO ·75 
22 -11 U23 ·2891 0 1799 1799 39 -u 
23 -11 4511 ·2096 0 1304 1304 24 ·12 
24 -11 2800 ·1301 0 810 810 12 0 
25 ·18 0 0 0 0 0 ~ 0 
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