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PREFACE

As ridership on commuter rail systemsincreases, the
method of propulsion used to extend existing elec-
tric MU car service must be considered. One alter-
native proposed to simply extending third rail elec-
trification has been the dual-mode Gas Turbine/
Electric car.

The GT/E demonstration project described herein
explored the engineering and economic feasibility
of extending high performance MU car service past
electrified territory with the use of a car that would
operate on third rail power and then continue past
the end of electrification using onboard turbine-
generators. The cars also were equipped to handie
both high level and low level passenger |loading
automatically. The reliability, performance and
economic aspects of their operation were investi-
gated and evaluated.

The GT/E cars were built by the Garrett Corpora-
tion and by the General Electric Company under
contract with the New York State Metropolitan
Transportation Authority (MTA).
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INTRODUCTION

The dual-powered Gas Turbine/Electric (GT/E) cars
were electric multiple-unit {EMU} cars which could
draw electric power from third rail electrification or
from gas turbine-powered generators carried on-
board the cars. A changeover from one electrical
power source 1o the other could be made while mov-
ing, so that a train of GT/E cars could operate on
wayside power in center city, and smoothly transi-
tion without stopping to on-board turbine power at
the end of the third rail electrification. Prototype
dual-powered Gas Turbine/Electric rail cars were de-
veloped by the Metropolitan Transportation Authori-
ty with funding provided by the Urban Mass Trans-
portation Administration of the United States De-
partment of Transportation and the New York State
Department of Transportation.

Part 1 of this report reviews the rationale for de-
veloping GT/E type cars, relates the history of the
development and test program, and describes the
prototype GT/E cars buiit by the Garrett Corporation
and the General Electric Company. The program
demonstrated that the high performance of EMU
cars operating on third rail electrification can be
matched by the GT/E car operating on turbine-gen-
erated power.

Part 2 of the report develops economic compari-
sons between the use of GT/E cars and the exten-
sion of third rail electrification as alternative means
of providing direct, high-performance commuter ser-
vice to the ends of three MTA commuter lines which
are not completely electrified. The results are pre-
sented in 1977 dollars and do not include the effects
of recent inflation.



SUMMARY

The results of the economic analysis show that for
each of the three routes, the initial capital invest-
ment would be lower for the GT/E-car alternative,
and that the annual operating costs of the GT/E cars
would be signiticantly higher than third rail electrifi-
cations and M-1 operation because of fuel costs
and turbine maintenance costs. Extension of third
rail electrification and operation of M-1 trains ap-
peared to be the rmore attractive alternative for
improving service to Port Jefferson and to Qyster
Bay, two of the routes analyzed. For service to
Poughkeepsie, the third route, the GT/E alternative
appeared more economical overall than third rail
extension with M-1 service for the frequency of
service provided on the upper Hudson line in 1977.

Of the two models of GT/E equipment studied, it
appeared that the cars equipped with industrial-type
turbines, the Garrett cars, would consume slightly
maore fuel in each of the three cases examined, but
that the cars equipped with the aircraft-derivative
turbines, the GE cars, would be more costly to main-
tain. Overall, cars with industrial-type turbines ap-
peared more economical to operate.



PART 1. DESIGN OF THE GT/E CARS

1.1 GT/E CAR CONCEPT

The principal aim of the Gas Turbine/Electric Car
Program was the deveiopment of raii vehicles capa-
ble of providing direct, high-performance service
into city center on lines not completely electrified. A
closer look at what is meant by “high performance”
in the context of high-train-density commuter rail
service leads to an understanding of the need for a
GT/E-type car.

High-performance trains have high-braking rates
and high-acceleration rates which are limited only
by wheel-rail adhesion and by passenger comfort.
The high-braking and acceleration rates enable high-
performance trains to stop and start more quickly
than low-performance trains at stations and at way-
side signals. The benefits of operating high-perform-
ance trains are threefold: trip times are reduced; line
capacities are increased; and congestion can be
cleared and operation restored more quickly after
delays.

Commuter rail services are usually characterized
by a relatively high number of station stops. In order
to achieve more reasonable trip times the commuter
trains must be designed for high-braking and accel-
eration rates to minimize the time required to stop
and start at each station. This need does not exist
for mainline intercity trains where the emphasis is
on high speeds sustained for long periods of time
between a few widely spaced stations.

A point often not fully appreciated is the role of
high braking rates in commuter services. The length
of a wayside signal block is determined by the
speeds and braking rates of the trains. If the way-
side signal system is designed for high-perform-
ance trains and low-performance trains are oper-
ated on it, the speed of the low-performance trains
must be restricted so they are certain to stop within
the wayside signal blocks. With a high density of
trains, the high-performance trains will be slowed
by the slower, low-performance trains. The results
are longer trip times and lower line capacities than
if only high-performance trains are operated on the
line.

When the wayside signal system is designed for
low-performance trains the signal blocks are longer
than they need be for high-performance trains. Be-
cause of the longer block lengths the trains are
spaced further apart resulting in lower line capaci-
ties and longer trip times.

The value of high performance is most dramati-
cally demonstrated when there iS unusual conges-
tion caused by a delay. At such a time the ability of
the trains to move quickly and relatively closer toge-
ther without sacrificing safe train separation heips
clear the congestion quickly.

Multiple-unit {MU) trains inherently out-perform

locomotive-hauled trains in both acceleration and
braking because uniform tractive forces are applied
at all wheels on the train. The tractive forces are
limited by wheel-rail adhesion and passenger com-
fort {too much acceleration will cause passengers to
fail). All the weight of an MU train is born by pow-
ered wheels permitting the accelerating force to be
directly proportional to the weight of the train.

With a locomotive-hauled train where only the
wheels on the locomotive are powered, the acceler-
ating force is proportional to the weight of the loco-
motive (and limited by wheel-rail-adhesion), but it
must accelerate the mass of the whole train which
can be much greater than the mass of the locomo-
tive. As a result MU trains can always accelerate
faster than a locomotive-hauled train.

All wheels of a locomotive-hauled train are braked,
but again the weight of the locomotive prevents
braking performance equal to an MU train. In prac-
tice a locomotive does not dissipate all of its own
great kinetic energy and some of the energy must be
dissipated by the trailing coaches. In effect the
coaches must stop a mass greater than their own,
requiring more time and distance. As a result MU
trains can brake faster than locomotive hauled
trains,

This discussion leads to the conclusion that high-
train-density commuter operations are best served
by high-performance MU trains to provide maximum
system capacity, minimum trip times, and maximum
operating flexibility.

Before the development of the GT/E cars, all high-
performance MU cars were powered from wayside
electrification systems, either overhead catenary
{usually high-voltage ac) or third rail (usually high-
voltage dc). The state-of-the-art of such equipment
is well advanced and the capital and operating costs
are well known. It was the purpose of the GT/E car
development program to explore an alternative to
the large capital investment required for wayside
electrification and to determine under what condi-
tions that alternative would be economically attrac-
tive.

The history of New York City requires that trains
be capable of operating on wayside electrification.
The most immediate reason for this criterion is a
public ordinance, dating from 1904, which pro-
scribes combustion engines in tunnels and, in es-
sence, requires electric traction for all trains enter-
ing the center of New York City. It should be noted
that there may be increasing pressure to electrify in
central-city areas as the sale of air rights over rail-
roads for offices, residences and schools becomes
more prevalent.

Therefore, the alternative MU car design must
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have full electric propulsion capability along with
some additional source of motive power for times
when the car is not on wayside-electrified trackage.
For this second power source, the choice of gas tur-
bine instead of diesel engine was made on the basis
of the turbine’s superior power-to-volume and
power-to-weight ratios. The compactness of the tur-
bine made it possible to incorporate two 500 horse-
power power plants into each car with no infringe-
ment on railroad clearances and with little orno loss
of passenger space.

The use of gas turbines rather than diesels in this
application had the advantage that turbines are well
matched to the power requirements of the dc trac-
tion motors. Both the turbines and the motors have
the capability to tolerate short-term overloads. This
capability alltows both turbines and motors to ex-

ceed their continuous ratings during car accelera-
tions without causing premature failure.

Since the cars must have a full electric propulsion
system and a majority of the car miles would be in
the wayside power mode, it would not be logical to
incorporate a separate direct-mechanical drive sys-
tem between the turbines and the wheels. Instead,
the gas turbine was applied as an on-board electric
power plant to supply energy to the wheels through
the same electric motors and controls that were
used when the car was on wayside electric power.

Thus the Gas Turbine/Electric cars were basically
high-performance EMU cars with alternative sources
of electric power: 650-V dc third rall electricity when
the cars were on electrified trackage and 650-V dc
on-board, gas-turbine-generated electricity when on
non-electrified trackage.

1.2 HISTORY OF THE GT/E CARS

The GT/E cars described in this report represent the
fourth stage in a systematic development program
begun in the mid-19680°s with the development by the
Budd Company of a single test car. The first car was
denoted the GT-1 and incorporated a turbomechani-
cal drive. The purpose of the GT-1 test was to deter-
mine if a turbine (a Garrett 831) could withstand the
rigors of propulsion service requirements for a com-
muter railcar. The car was not configured to carry
passengers so it was tested in simulated service in
196667, The principal conclusions drawn from this
testing were {Reference 1.):

TURBINE
Could achieve the required acceleration rates
and top speed.
Could withstand the frequent start-stop cycles.

Would not cause unfavorable vibration, noise or
exhaust gas problems.

FUEL
Use of jet fuel was not practical on a railroad.

Fuel consumption appeared tolerable at mid-
60's fuel costs.

The particular mechanical drive system on the
GT-1 car was found to have been inadequate, but
this was of only passing interest, since the ultimate
objective of the overall program was to develop an
electric drive system compatible with the third rail
electrification.

In 1968 the test car was re-configured by Budd
and Garrett {AiResearch Manufacturing Co. of Cali-
fornia, a division of The Garrett Corporation) to in-
corporate a dual-powered electric drive and was re-
named the GT-2. The objective of this stage of devel-

opment was to test the basic feasibility of a dual-
powered electric drive, including changeovers be-
tween turbine and third rail power, and to determine
if the Garrett turbine could operate on railroad diesel
fuel.

The testing of the GT-2 car took place in 1870 and
was marred by a very low reliability of the electric
propulsion system (which had been assembled from
1000-V dc components used earlier in the original
Bay Area Rapid Transit system research program).
Nevertheless, the testing did establish (Reference 2):

TURBINE

No increase in smoke resulted from the use of
diesel fuel.

DUAL-POWER DRIVE

Changeover between power sources could be
achieved smoothly while moving.

The GT-2 testing brought the use of the “patched
together” test bed to its limits. Any further track
testing, it was concluded, would have to be per-
formed with production prototypes.

A design trade-off study was performed by the
General Electric Company (GE) (Reference 3) in
preparation for the detailed design of prototypes re-
ferred to as “GT-3" cars. The study established pro-
pulsion power requirements for the new cars by as-
suming performance comparable to M-1 cars oper-
ating on third rail and simulating the use of the cars
in a variety of service applications. The study con-
sidered several commercially-available turbines ap-
plied to the cars. The GT-2 test work and the GT-3
study were both completed early in 1971.












TABLE 1.4-1
GT/E CAR PERFORMANCE SPECIFICATIONS

Acceleration
Time required to travel given distance
from standing start, seconds

GT/E Car
Distance Turbine Third Rail
Miles Mode Mode M-1 Car
1 87 84 70
2 138 133 115
4 228 220 195
Maximum Speed
GT/E Car
Turbine Third Rail
Mode Mode M-1 Car
93.5 mph 94 mph 100 mph

Braking

Full service application of
blended dynamic and friction brake:

Braking Rate
M-1 and Both
GT/E Mcdes

Maximum to 50 mph Continuously increasing
from 1.9 to 3.0 mphps

Constant 3.0 mphps

Car Speed Range

50 mph to Stop

Emergency application of
frictipn brake only:

Maximum to Stop 3.0 mphps

sharing of certain equipment between the two cars.
Thus, in general, one of the cars {denoted the “A”
car) carried the motor-alternator and batteries, while
the mated car {the “B” car) carried the air compres-
sor, main air reservoir, the cab signal and communi-
cations equipment, and the toilet room.

Each individual car contained an coperating cab
and a complete propulsion and braking system. The
cars of a pair were semi-permanently coupled toge-
ther at the non-cab ends with electrical connection
being made through jumper cables. At the cab ends
the electrical connections, along with the mechani-
cal and pneumatic connections, were made with ful-
ly-automatic couplers. Up to six pairs could be cou-
pled together to form 12-car trains.

The Garrett GTIE car underfloor equipment ar-
rangement differed from the M-1 car because of the
dc chopper propulsion system, forced air ventilated

traction motors and the turbine fuel storage require-
ments. The Garrett propulsion is described in Refer-
ence 4. The underfloor layouts of the M-1, Garrett
GT/E Cars, and the GE GT/E cars are shown in Fig-
ure 1.4-4, -5, and -6. The GE GT/E car underfloor ar-
rangement differed from the M-1 car only by the ad-
dition of the fuel system,

1.4.3 Turbine Compartment

Safety dictated that the turbine-generator units be
enclosed in compartments external to the car body.
In the Garrett cars, the carbody roof passed beneath
the turbine modules and in the GE cars, the carbody
sidewall passed on the passenger side ot the tur-
bine modules. In both cases the turbines and asse-
clated components were on the outside of the car,
from the passenger’s point of view, thus ensuring
the existence of a fire and noise barrier between the
passengers and the turbines.

TABLE 1.4-2

GTIE CAR TRAINLINE WIRE ASSIGNMENTS
FOR GT/E CAR CONTROL FUNCTIONS

Trainline
Wire No. Identification

PMH High Platform

Function

Energized for high-

Mode platform mode door
operation
PML Low Platform Energized for low-
Mode platform mode door
operation

SM Third Rail Mode Energized for third rail
mode operation
Energized for turbine
mode operation
Energized to raise
third rail shoes
Energized to initiate
the trainline turbine
start sequence
TC Turbine Energized when the
Cranking Light  trainline turbine
cranking sequence is
in progress
Energized when one or
more turbines in the
train have shutdown
Energized when a fire
has been detected in a
turbine pod and the
fire extinguisher has
been activated

TM Turbine Mode

SR Shoe Raise

TS Turbine Start

TF Turbine Fault

F Turbine Fire
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An additional constraint in the design of the tur-
bine installation was the necessity of keeping the
turbine exhaust-gas temperatures low encugh to not
damage the overhead structures and catenary wires.
The criterion for this requirement was established
by measuring the exhaust temperature of an Erie
Lackawanna Railroad push-pull diesel locomotive
(General Electric Model U34CH) at full power at the
minimum wire height of 15 feet, 9 inches. The tem-
perature was determined to be approximately 350 °F.
Air was added to the turbine exhaust gas to reduce
the temperature to that level at fuli power.

1.4.4 Turbine Rotor Containment

Safety also dictated that additional protection be
provided against turbine rotor and rotor-blade fail-
ures. At the MTA’s insistence steel rings were added
to the turbine engines at the rotor locations to pro-
vide the protection. The precaution proved its value
during service when all blades of one wheel disinte-
grated and only a single blade fragment entered the
turbine compartment.

1.4.5 Turbine Fire-Protection System

Each turbine compartment contained a fire protec-
tion system consisting of a fire detector, an extin-
guisher and controls. In the event of a turbine mod-
ule fire, both turbines on the car were automatically
shut down, the system was deenergized, and the ex-
tinguishment released into the module. A trainlined
signal energized the “Fire” indicator and audible fire
alarm in the operating cab, and the exterior turbine
fault lamps were lit for the faulted turbine. A turbine
shutdown for fire could not be restarted until the
module was inspected and repaired, and the fire ex-
tinguishment was replaced. The second turbine on
the car could be operated after the fire-shutdown
turbine was bypassed.

The fire detector was a length of stainless steel
tube, containing an inert gas and a gas-filled core
material, mounted along the walls of the turbine
compartment. The detector operated a pneumatic
switch to initiate shutdown and subsequent extin-
guisher operation. An increase in the average tem-
perature of the sensor would cause the inert gas
pressure to rise and operate the switch, or a local
hot spot in the detector would liberate the gas from
the gas-filled core, raising the pressure and operat-
ing the switch. An average temperature of 250° to
300 °F or a one-foot hot spot temperature of 800° to
900 °F would activate the system,

Once activated and following a suitable time de-
lay to allow turbine shutdown, the fire protection
system would release the contents of the fire extin-
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guisher into the engine compartment. The fire extin-
guisher was a welded, hermetically sealed, stainless
steel sphere filled with eight pounds of Halon 1301
which produced an internal pressure of 200 psig at
70°F. The agent was released into the compartment
by firing an electrical detonator to rupture a sealed
metal diaphragm holding back the Halon. The result-
ing surge of gas would flood the compartment with
a flame extinguishing concentration which would
prevent combination until the compantment was
ventilated.

1.4.6 Turbine/Third Rail Operating Controls

In view of the small number of GT/E cars, relative to
the 950 cars in the M-1 fleet, every effort was made
to simplify the controls on the GT/E cars required for
the additional functions. The goal was to minimize
the amount of training required to qualify an engine-
man for GT/E service, once he had learned to oper-
ate an M-1.

The special GT/E controls and indicators were
provided on a panel located on the engineman's
main console, at the base of the windshield. The En-
gineman’s turbine control panel on both the Garrett
and GE cars were similar. An outline of the GE panel
is shown in Figure 1.4-7. The Garrett panel was simi-
lar with the “Fire’’ and “Turbine Fault” light posi-
tions interchanged.

For a trip starting in third rail territory, the engine-
man would operate his train identically as he would
an M-1 train. Approximately two minutes before
leaving the third rail, he would push the turbine start
switch to the “Start” position for about five sec-
onds. {All of the switches on this panel spring back
to the center position when they were not being
held.) This initiated a sequential startup of the tur-
bines in each GT/E car pairs in the train, whereby
each of the four turbines in that pair started in turn.
Sequential, rather than parallel, starting in the mar-
ried pair allowed a reduction in battery capacity for
cranking. The crank light remained lit until the tur-
bine starting sequence was completed. If any tur-
bine did not succeed in starting (or if one shut-down
at a later time enroute), the turbine fault light would
go on. The engineman could find out which turbines
were shut down by either looking back at local fault
lights along the outside of the train or by asking a
trainman to check the local turbine control panels
throughout the train.

Changeover tfrom third rail to turbine power was
performed by moving the turbinefthird rail switch to
“Turbine” to set up the trainline circuits and transfer
the cars to turbine alternator power just prior to leav-
ing the third rail. The turbine-mode light was lit, and






No. 2 Diesel in the turbines of the GT-2 test car, the
GT/E cars were designed to use No. 2 Diesel fuel.

Each GT/E car had a separate and self-contained
fuel system consisting of a fuel tank(s), fuel heater,
fuel pump module, and associated valves and
plumbing. The functions of the fuel system were the
storage, heating and pressurization of the diesel
fuel for supply to the turbine modules.

Both GT/E car designs included a diesel fuel ca-
pacity of 800 gallons. As with the turbine compart-
ment, the entire fuel system was external to the pas-
senger compartment (i.e., betow the floor or outside
of structural members and sheathing).

In addition to a number of automatic cutoff valves,
manual emergency fuel cut-off valve operators were
located in the cab and below the floor, on each side
of each car.

1.4.8 Power Distribution

The M-1 cars are equipped with a single-blade knife
switch to allow shop personnel to disconnect the
car from the third rail 650-V power source during
maintenance operations. The M-1 knife switch has
three operating positions and a fully-open position
as shown in Figure 1.4-8.

One position connects the car auxiliary circuits to
the 600-V shop power through a cable plugged into
the car inside the knife-switch box. In this position
the third rail shoes were deenergized and the knife
switch box cover could not be closed, both in the in-
terest of shop safety.

In the second partially-closed position the auxili-
aries are energized from the third rail shoes and the
propulsion system is not energized. In the fully-
closed position both the auxiliaries and the propul-
sion are energized from the third rail shoes and the
knife switch box cover can be closed.

A concern for the safety of the maintenance per-
sonnel working on the GT/E cars led to the require-
ment that the GT/E knife switch function identically
to that of the M-1. This standard was achieved only
by the addition of a second blade to the knife switch
(operating in parallel with the first blade) because of
the capability of the on-board turbines to feed high-
voltage electricity to these same circuits.

In order to avoid another possible safety hazard,
the high-voltage circuits were arranged so the thirgd
rail shoes could not be energized by the turbine-gen-
erators.

Figure 1.4-8 M-1 Knife Switch and Power Distribution
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Figure 1.4-9 Garrett Door Controf Panel

1.4.9 Third Rail Shoe Support and Retraction

In order to allow operation of the GT/E cars on the
electrified portions of the LIRR {with over-running
third rail) and Conrail’s Harlem and Hudson Lines
{with under-running third rail) the current collection
“shoes” of the GT/E cars had to be capable of both
types of collection. This capability is feasible be-
cause of a 34-inch overlap between the lower face of
the Conrall third rail and the upper face of the LIRR
third rail. The combination of this overlap dimension
plus the shoe thickness enables spring pressure to
be applied in both the up and down directions.

in the normal current collection position the third
rail shoes viglate the car clearance lines in the non-
electrified territories. To keep the wayside expendi-
tures at a minimum, the shces were required to be
retractable in order to eliminate the violation. Thus,
after the train had left third rail territory, the engine-
man actuated a toggle switch on the Engineman’s
Turbine Control Panel (Figure 1.4-7) to retract all the
shoes on the train. In the retracted position the en-
tire shoe mechanism was within the normal railroad
clearance lines and no additional clearance was re-
quired on the wayside. The process was reversed in

the other direction, with the shoes going into posi-
tion throughout the train before entering third rail
territory. In order to guard against the Engineman’s
inadvertently neglecting to retract shoes after leav-
ing or to extend shoes before entering the third rail
territory, “*'Shoes Up” and “Shoes Down’ signs were
provided at the appropriate locations on the wayside.

The carbuilders were not required to provide an
extension/retraction mechanism which would func-
tion while the cars were alongside a third rail. If the
shoes were extended while a third rail was present
they were broken off the car.

Both the capabilities of retraction and of over and
under running had been achieved on New Haven
Railroad locomotives operating into Grand Central
Terminal and Penn Station, New York since 1917.
The GT/E cars were the first MU cars to require such
capabilities, however.

One additional detail of the third rail shoe ar-
rangement, which compounded the design com-
plexity, resulted from the particular truck chosen by
both carbuilders. The truck (GSI G-70) had inboard
journals which created a comparatively long dis-
tance between the third rail and the equalizer bars
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Figure 1.4-10  General Electric Door Controf Panel

fwhich are the only non-rotating parts of the truck of
constant height with respect to the third rail). A di-
rect mounting of the shoe mechanism on the equal-
izer bars would have placed a twisting load on the
equalizer bars. Therefore, it was necessary for the
car designers to provide a mounting platform for the
shoe mechanism that was stable in space, with re-
spect to the third rail.

1.4.10 Doors and Bilevel Steps

One of the most successful design features of the
M-1 cars in improving operating efficiency has been
the use of wide, floor-level, passenger doorways lo-
cated at the ¥ and 34 points along the length of the
85-ft. cars. The wide doors combined with high-level
station platforms (i.e., at the car-floor height of 50
inches above the rail) optimized the flow of passen-
gers in and out of the cars and dramatically reduced
station dwell times.

One of the goals of the GT/E program was to re-
tain the quarter-point, wide-door concept without in-
vesting an enormous amount of capital to build
high-level platforms at the multitude of stations to
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be served by the eight-car “fleet” of GT/E cars. The
two carbuilders approached this goal in very differ-
ent manners, as will be discussed in detail later in
this report. Both, however, provided a means for the
train conductor to select, on a train-wide basis, be-
tween the high-level mode (which allowed entrance
and exit at car-floor level) and the iow-level mode
(which provided steps at the same doorways to a
station platform only slightly above the top of the
rails).

In a typical run on the LIRR or the Harlem and
Hudson Lines, the cars were started from an outly-
ing terminal with platform and the door controis set
up for low-level passenger |oading, and when the
Conductor operated one of the “Door Open” push-
buttons (Figure 1.4-9 and -10), the doors on that side
of the train were opened with low-level steps ex-
posed. When the train entered a region with high-
level platforms (coincident in this case with the start
of electrification), the Conductor actuated the “High
Mode” switch from any one of the door control pan-
els in the train and all subsequent door openings
were at the car-floor level.






tible inside a moving car. The module cover was
hinged on the top side, and supported by a hydraulic
cylinder that was operated by a hand pump for rais-
ing and lowering the cover. The cover was secured
with captive bolts when closed and was held with a
safety rod when open. The module-cover construc-
tion included an inside skin of 1010 perforated stain-
lass steel sheet which allowed sound to enter the 2-
inch thick polyurethane foam insulation and be ab-
sorbed.

Figure 1.5-3 is a photograph of the inside of a Gar-
rett turbine-generator module showing the arrange-
ment of the apparatus in the module. The module
was divided into an electrical compartment and a
turbine compartment by a firewall. The electrical
compartment contained the gearbox, alternator, rec-
tifier, electronic controls and the fire extinguisher,
while the turbine compartment contained the tur-
bine, inlet air filter, oil cooler and blower, and turbine
exhaust-gas cooler. The turbine, gearbox, and alter-
nator shafts ware linearly arranged in the module to
achieve the long narrow profile required for the over-
head installation.

The gas turbine engine was an AiResearch Model
GTP 831-500 modified somewhat for the railcar ap-
plication. The turbine was rated 500 hp for continu-
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ous operation, 550 hp for intermittent operation and
BBO maximum performance rated at sea level. The
nominal engine rotor speed was 41,730 rpm. No. 2
diesel fuel consumption varied from 30 gph at no
load to 55 gph at full load. ‘

The gear box assembly reduced the shaft speed
to 9,080 rpm and drove the alternator. The gear box
was oil spray lubricated with gravity oil drainage.

The ac generator was built by Westinghouse Elec-
tric Corporation and operated at 9,090 rpm with pres-
sure lubricated bearings. The generator output rat-
ing was matched to the turbine rating and was 450
kVA continuous, 500 KVA intermittent. The genera-
tor operated at 277/48Q0 V ac, 4545 Hz, and was
three-phase, 4-wire connected. The output voltage
was regulated by controlling the exciter field current
with a solid state voltage regulator.

The output of the generator went through a three-
phase, full-wave rectifier and then to the car power
distribution system. The output of the rectifier was
650 V dc with a momentary overload rating of 200%.
The rectifier was forced air cooled, requiring 600
cfm of air at 122 °F or less.

The fuel delivered to the turbine pod by the under-
car fuel system was pumped through a filter, meter-
ing valve, solenoid shutoff valve, heater, and atomi-

FRAME

0.028 1010 SHEET

1 FOAM — %" SEPTUM — X" FOAM
0.038 1010 SHEET

1010 STRETCH FORMED STRUCTURE

MANUAL
HYDRAULIC
PUMP

ISOLATORS

| ]

RAIL CAR

Figure 1.5-2 Garrett Turbine Isolation
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zer into the turbine combustor. Fuel flow to the com-
bustor was regulated by draining off the unneeded
fuel output of the dc-powered high-pressure gear
pump.

The dc starter motor was mounted on the gearbox
and accelerated the turbine to ignition speed under
the control of the electronic control unit. The elec-
tronic control unit monitored all pertinent turbine
generator parameters and would not start the tur-
bine and wauld shut the turbine down when the
parameters were not within the prescribed limits.

1.5.2 Turbine Controls and Indications

On the Garrett GT/E cars the fuel system indications
and individual turbine controls and indications were
provided on a local turbine control panel located in
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the outside corner structure of the operators cab,
facing the length of the car It was covered by a
locked door to limit access to authorized service
personnel. The panel is shown in Figure 1.5-4.

Individual controls and indications, for both of the
turbine modules on a car, were provided on the local
turbine control panel. A local/trainline/bypass
switch permitted the turbines to be started and con-
trolled locally or remotely by trainline, and to be
made inoperative. For each turhine there was an am-
ber “Fuel On" light that was lit when the fuel supply
pressure was satisfactory; an amber “Crank’ light
that was lit while the starter was engaged and a
green “Run” light that was lit when the turbine was
ready for an electric load. Meters indicated turbine
speed, turbine exhaust gas temperature and genera-
tor output current.



An annunciator gave visual indication as to the
type of failure in a turbine generator pod.

A trainlined horn sounded on the local turbine
control panel in the control cab for a turbine fire any-
where on the train. The operator could temporarily
silence the fire horn by operating the alarm switch
through a hole in the panel cover.

1.5.3 Fuel System

The Garrett GT/E car fuel system consisted of three
fuel tanks, a fuel heater, a fuel pump module and as-
sociated valves and pumping, as indicated in Figure
1.5-5. Each GT/E car had an identical fuel system to
heat, pressurize and filter the No. 2 diesel fuel used
by the turbines on the car.

Fuel was stored in three tanks on each car. Two,
longitudinal 175-gallon tanks were installed within
the center sill of the ¢ar body, and one, transverse
450-gallon tank was carried below the center sill at
the longitudinal center of the car.

Each fuel tank contained a rubber bladder filled
with open-cell foam. The 175-galion bladders were
retained by the center sill and the 450-gallon tank
was mounted within a 0.19-inch thick, low-alloy,
high-tensile steel saddie tank. The rubber bladders
were used to maintain fuel tank integrity in the event
of collision and the foam interior retarded the re
lease of fuel if both the structure and the bladder
were ruptured. The bladders were installed through
holes in the tank structures that were sealed with a
flanged assembly containing the connecting piping.

The fuel tanks were inter-connected to permit fill-
ing all three tanks from either of the fuel fill nozzles
located one on each side of the car body at the mid-
point. As the sill tanks were above the saddle tank,
the saddie tank filled first, venting through the sifl

FUEL FILL SiLL
NOZZLE TANK

VENTS TANK

tanks. Total fuel quantity was indicated on a fuel lev-
el sight gauge. The tank connections are shown in
Figure 1.56.

A 230-V ac, three-phase, 18-kW fuel heater was in-
stalled in a 50-gallon tank and heated the fuel as it
was pumped from the tanks and circulated to the
turbines. The fuel heater was thermostatically requ-
lated to maintain the fuel temperature in the tank be-
tween 70 and 85 °F, A temperature controlled bypass
valve permitted recirculation of fuel, from the tur-
bine supply and return lines when the return line
temperature dropped below 60-63°F. The bypass
valve was closed when the return line temperature
was above 65-68°F. Additional fuel heaters were 10-
cated in the turbine modules to ensure proper fuel
temperature at the engine ¢combustor nozzies. A fuel
system temperature light on the auxiliary control
panel was lit green when the fuel temperature was
above 72°F. A fuel systermn overtemperature light
was lit red when fuel temperature exceeded 85°F.

The fuel pump module incorporated two pumps,
three filters, a pressure relief valve, a bypass valve,
two pressure switches, two check valves, and an
emergency shut-off valve. The fuel pumps consisted
of a hydraulic pump with an internal pressure reiief
valve, driven by a 32-V dc motor. The fuel system
control relays operated the pumps alternately. Fuel
was constantly circulated to the turbines, back the
return lines and through the filters with burned fuel
made up from the heater tank. A fuel system pres-
sure light was lit green on the auxiliary control panel
when fuel supply pressure was above 20 psi.

The three filters were arranged so fuel flowed
through two of them in series at all times. A pump
inlet filter prevented pump damage while outiet fil-
ters prevent turbine contamination. The two outlet
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Figure 1.5-6 Garrett Fuel Tank Connections
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filters were connected in parallel with a pressure
switch across one and a pressure relief valve across
the other. When contaminations cause the pressure
across the primary filter to rise to 45 psig the pres-
sure switch opened the relief vaive and fuel flowed
through the parallel filter. The dirty filter condition
was indicated on the auxiliary contro! panel by a red
light.

A manual emergency shutoff valve was located in
the supply line at the filter outlet. The emergency
fuel shut-off valve was operated by a linkage from
each side of the railcar and the engineer’s cab.

1.5.4 Power Distribution

The supply of dc power to the GT/E car subsystems
was provided either directly from the 650-V dc third
rail {over-running or under-running) or from the out-
put of the pair of on-board, gas-turbine-driven three-
phase alternators. The dc distribution connections
were such that the turbine-alternator power supplies
functioned as a substitute for the dc third rail power
supply in non-electrified territory. The power distri-
bution system is shown schematically in Figure
1.5-7.
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The knife switch box contained a two-pole knife
switch, a 1200-A main fuse, a 1200-A intercar bus
line fuse, and a 150-A heater fuse. In addition, the A-
car knife switch box also contained a 400-A motor-
alternator fuse and a 2-A dead battery MA start fuse.
The two-pole knife switch was designed to; 1) iso-
late all car systems from the third rail power and tur-
bine-generator power when in the open position, 2)
provide power to the car auxiliary systems for test
purposes from a shop power supply in the test posi-
tion; and 3} provide auxiliary power to the car from
the third rail or turbine generators in the half-closed
position. In these three positions the traction power
connection was isolated.

Either the line switch or turbine contactor clgsed
to connect the car systems to the third rail or to the
turbine-generator. The line switch and turbine con-
tactor operated in response to the mode trainline
which was energized by the engineer’s mode switch
on the cab console. The opening and closing of the
line switch and turbine connector were normally
made under no-load conditions and were inter-
locked to prevent simultaneous operation.

The inductance and capacitance (LC) filter con-
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integral assembly. The turbine in its own support
cradle was bolted to the drive gear case and drove
the input pinion through a conventional flexible gear
coupling and an overtorque slip clutch contained in
the flywheel. The flywheel and clutch served to
screen the engine from short circuit torque loads
caused by high-voltage circuit faults,

The drive gear box was a three-shaft, spur gear
train which provided speed matching between the
turbine (6000 rpm) and the generator (8000 rpm) as
well as accomplishing the offset necessary for an
over and under arrangement of the turbine and gen-
erator. The intermediate idler gear shaft provided the
oil pump drive (3000 rpm).

The generator provided variable voltage, 400-Hz,
three-phase power which was rectified and transmit-
ted to the electric power distribution system.

The ST6K turbines used were industrial models of
the PT6 family of two shaft aircraft turbines built by
Pratt and Whitney Aircraft of Canada, Ltd., and were
rated at 550 output shaft horsepower at standard
conditions burning standard No. 2 diesel fuel.

The generators ware also an industrial version of
machines originally configured for aircraft use. They
were of relatively lightweight construction, fitted
with continuously lubricated and scavenged ball
bearings, and were rated 500 kVA, 0.95 P.F. at 277
volts, 8000 rpm nominal.

A two-element oil cooler, forced ventilated with
external air, cooled both the engine oil and the gear
oil. An auxiliary gearbox, driven from the turbine ac-
cessory drive, mounted the electric starter and fuel
pump and controls.

A double-ended, dc motor driven blower was
mounted below the turbine. One end delivered air to
cool the generator, rectifiers, motor-alternator sat,
and. the traction motors. The other end scavenged
contaminated air from the clean-air system centrifu-
gal filters and exhausted it through the compart-
ment floor.

The turbine was packaged in a separate, quick-
change module. The suspension of the turbine was
designed to be prealigned with the locating face of
its saddle frame, and installation was made by in-
serting and bolting the quick-change module into
the main gearbox input drive pad. The generator
mounted in the same manner. The turbine, gearbox
and generator constituted an assembly that was in-
dependently suspended in the installation assembly
frame on three rubber vibration isclation mounts.
The altemator was additionally supported by a steei
coil spring.

Separately supported above and contacting the
turbine through flexible seals, were the turbine ex-
haust and inlet air handling components. The ex-
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haust components included the exhaust-air mixer
assembly where cool air was mixed with the ex-
haust to reduce its temperature. Part of the cooling
air was supplied through the oil cooler and the rest
was drawn from the turbine compartment to ventii-
ate it. The cooling-air fans were driven by two high-
pressure hydraulic motors supplied by a drive gear-
box-mounted ¢il pump. The oil passing through the
second motor also flowed through the drive gearbox
bearings and the alternator bearings. The alternator
scavange tank was drained by a scavange pump
mounted on the drive gearbox opposite the main oil
pump.

All three sections, the exhaust and inlet air duct-
ing, turbine-gear-generator assembly, and the dou-
ble-ended blower assembly, were mounted on a cra-
die frame that was pivoted to swing out of the
opened compariment to provide ali-around access
for inspection and maintenance. Figure 1.6-1 shows
the module swung out of the compartment. The tur-
bine-generator could be operated in the swung-out
position for inspection and maintenance.

1.6.2 Turbine Controls and Indications

There was a separate local control panel for each
turbine module on the General Electric GT/E car. The
panel was located in the passenger area of the car
near the turbine module. The General Electric local
turbine control panel is illustrated in Figure 1.6-2.

Dia! indications were provided on the panel for
five essential turbine parameters. A gas generator
speed gauge indicated the gas generator shaft
speed as a percent of maximum. The shaft speed
varied with load and was 38,100 rpm (100%) at full
toad. The turbine output shaft speed gauge indi-
cated the speed into the gear unit in percent with
6,000 rpm being 100%.

The turbine ternperature gauge indicated the tem-
perature in the combustion chamber, not exhaust
gas temperature. The normal combustion tempera-
ture ranged from 1,000 to 1,700F. The turbine was
shut down if combustion temperature exceeded
1,400F while starting or exceeded 1,866 °F while in
operation.

The turbine oil pressure gauge indicated the lubri-
cation system oil pressure. Normal oil pressure was
70 to 100 psi, with turbine shut down if the oil pres-
sure dropped below 50 psi. The turbine lubricating
oil temperature was normally about 160F and the
turbine was shut down if oil temperature exceeded
220F. The turbine operating time gauge indicated
hours and tenths of hours of turbine operation in the
module.

In addition to indicating turbine status and alarms
the local turbine control panel permitted local oper-



ation of the turbine for inspection and maintenance.
The turbine control power breakers (CB 1 and 2) shut
the turbine down but did not cause any fault lights
to be lit. The alternator power breaker shut off the al-
ternator excitation power resulting in no alternator
output. The manual crank pushhbutton was used to
turn the turbine over far fubrication and check cut

but did not initiate the start sequence. The local tur-
bine start/stop switch permitted normal trainline
starting and stopping of the turbine in the normal
position, shut the turbine down in the off/cutout po-
sition and initiated a local turbine starting sequence
when held in the “Stant” position for about five sec-
onds.
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Figure 1.6-2 General Electric Local Turbine Control Panel
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1.6.3 Fuel System

The General Electric GT/E car fuel system is de-
picted in Figure 1.6-3. The fuel was stored in a single
800-gallon tank under the center of the car. The fuel
was drawn through a shut-off valve, heater and filter,
and was then pumped through a second filter to the
turbines through thermally insulated tubing. Fuel
not burned in the turbines was returned to the fuel
tank either by fuel return bypasses around the tur-
bines or by engine bleed lines through the turbines.
Pressure was maintained in the fuel supply lines by
pressure-relief valves.

The fuel tank was located under the middle of the
car and incorporated a sight glass and a fuel-level
gauge. The fuel-evel gauge indicated 0 to 700 gal-
lons. From 700 to 800 gallons the level of the fuel
was observed in the sight glass. Filler adaptors with
automatic shut-off, sight gauge, and fuel level gauge
were provided on each side of the car.

The emergency fuel shut-off valve could be oper-
ated from the cab and each side of the car at the “F”
end of the fuel tank by pulling aring. The emergency
fuel shut-off valve shut the fuel off at the tank outlet.

The fuel heaters were heating strips attached to
the fuel lines. The internal construction of the fuel
tank was such that fuel which bypassed the engines
was directed back through the heaters and recircu-
lated to the turbine. With this arrangement the fuel
in the circulating lines was heated without heating
the bulk of the fuel in the tank. The heaters were
controlied to maintain a constant fuel temperature
and were turned off in the event of low fuel line pres-

sure, turbine compartment fire, and ambient temper-
atures above 45°F.

The fuel pump and the main solenoid shut-off
valve were interlocked so that the shut-off valve was
closed when the pump was off. The centrifugal fuel
pump had a rating of 3.4 gpm at 10 to 12 psi. When-
ever the turbine control circuits were energized, the
pump was turned on and fuel was circulated
through the system.

Fuel pressure was regulated by two pressure-re-
lief valves and two fuel-pressure switches. A pres-
sure-relief valve in the return line at the fuel tank was
set at 10 psi requiring the fuel system to be pressur-
ized to that pressure before any fuel recirculated to
the tank. The second relief valve was |ocated at the
pump outlet. It was set for 15 psi and prevented the
fuel system pressure from exceeding 15 psi. Pres-
sure switches in the fuel lines were set to close at 5
psi and to open at 3 psi. Pressure below 3 psi would
shut the turbines down.

There were two filters in the fuel system in addi-
tion to the fuel filters in the turbines. The filters were
rated at 10 microns and insured clean fuel being de-
livered to the engines.

Compressed air was supplied to each turbine
from the car pneumatic system to aid atomization of
the fuel during cold weather engine starts.

1.6.4 Power Distribution

The supply of dc power to the GT/E car subsystems
was provided either directly from the 650-V dc third
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Figure 1.6-3 General Electric Fuel System Schematic Diagram
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PART 2. COST COMPARISON OF GT/E CAR AND
THIRD RAIL ELECTRIFICATION

2.1 SCOPE OF THE ECONOMIC ANALYSIS

As stated earlier, the GT/E car was conceived as a
means to provide high-performance commuter ser-
vice on partially electrified commuter routes. It
would be a viable concept for that application only if
it could provide the service at a lower overall cost
than the service could be provided by electrifying
the entire trackage.

A differential cost analysis was made to deter-
mine if the GT/E car could be used to extend high-
performance MU train service into non-electrified
portions of commuter routes at a cost less than for
providing the same high-performance MU service by
electrifying the entire trackage and operating M-1
cars. Relevant capital, maintenance and operating
costs were estimated for dual-powered GT/E trains
operating on the existing track and for the extension
of third-rail electrification to the ends of the routes
and operation of M-1 trains on the entire route.

Costs were estimated in 1977 dollars and do not
reflect fuel price increases occuring since that time.

Estimates were prepared for three lines, the Port
Jefferson and Oyster Bay services of the Long Js-
land Rail Road and Conrail’'s Upper Hudson service
to Poughkeepsie,

The majority of commuter rail service in the MTA
region is provided over electrified trackage, with
power transmitted either through third-raii or over-
head catenary. The remaining, unelectrified portions
are outlying areas and are served by diesel-powered
equipment which cannot use tunnels and does not
provide passengers from the outlying areas with di-
rect access to the major, city-center New York ter-
minals.

For example, the Long tsland Rail Road operates
diesel service to Speonk, Ronkonkoma, Port Jeffer-
son, and Oyster Bay as illustrated in Figure 2.1-1.
Passengers on these trains do not have direct ac-
cess to the major, city-center terminals and must
transfer to EMU trains at some intermediate point.
During the rush hour, push-pull and conventional
diese! trains operate over third rail territory through
Jamaica to and from the terminals at Hunterspoint
Avenue and Long Island City, where passengers
transfer to or from the subway. During off-peak peri-
ods the push-pulls shuttle between Port Jefferson
and Huntington, and between Oyster Bay and Ja-
maica where passengers transfer to EMU trains.

Conrail provides diesel service north of Croton-
Harmon and North White Plains on the Hudson and
Harlem Lines and on the Waterbury and Danbury
branches of the New Haven line as illustrated in Fig-
ure 2.1-2. All trains from Brewster and rush hour
trains from Poughkeepsie and Danbury are pulled by

dual-powered, diesel-electric/third-raii-electric (FLS)
locomotives and provide through service to Grand
Central Terminal. All other non-electric service is
provided by one and two rail diesel car (RDC) trains
which shuttle to connect with EMU trains operating
to Grand Central Terminal in New York. In the peak
period some of the RDC’s shuttle between Montrose
or Peekskill and Croton-Harmon while others ex-
press between Peekskill and Croton-Harmon and
then make all stops to Poughkeepsie.

Conrail’s service on the former Erie Lackawanna
Railway lines to Spring Valley and to Suffern and
Port Jervis is provided by diesel locomotive-hauled
push-pull trains as illustrated in Figure 2.1-3. Passen-
gers travel to the Hoboken, N.J. terminal and trans-
fer to PATH trains to Manhattan. A planned rail link
between the Erie Lackawanna and Amtrak mainlines
could provide a direct route to Penn Station, New
York through the North River Tunnels. The use of the
tunnels would require wayside electric powered
trains.

Although dual-power capability meets a need
which is more evident on the MTA commuter rail
lines than anywhere else, the concept has potential
on other systems where extension of electrification
may not be feasible in the short run.

A dual-powered car, such as the GT/E car, would
enable the New Jersey Department of Transporta-
tion to operate its Raritan Valley service directly into
Penn Station, New York instead of requiring passen-
gers to transfer at Newark. In fact, with a short ex-
tension of the third rail that already exists in the
North River Tunnels, the eight existing prototype
GT/E cars could operate this service.

When the Philadelphia center city commuter tun-
nel is completed {replacing Reading Terminal with
an underground station), a high-performance, dual-
mode car like the GT/E could provide direct service
on the former Reading Lines that are currently
served by diesel trains. Also, the two former Read-
ing trains that now terminate at Newark, N.J. could
be routed into Penn Station, New York.

So it can be seen that the GT/E cars and other
similar dual-mode equipment may offer cities a
means of providing high-performance rail service
from non-electrified commuter areas to city-center
terminal by way of underground trackage. The dual-
powered car offers planners a range of alternatives
affecting level-of-service and economy. The amount
of electrification can be varied, and direct downtown
service could still be provided from all points on the
line.
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2.2 ELEMENTS OF THE ECONOMIC ANALYSIS

To determine the economics of operating dual-pow-
ered GT/E trains, as a means of extending high-per-
formance through service into diesel territory, the
differences in capital, maintenance and operating
costs between it and the extension of third rail elec-
trification to provide the same service with EMU
trains were estimated. Estimates were prepared for
three routes into New York City; the Port Jefferson
and Oyster Bay services on the LIRR and Conrail's
Upper Hudson service to Poughkeepsie. For both
types of equipment, through service to Penn Station
was assumed for the LIRR branches and to Grand
Central Terminal on the Conrail line. It was further
assumed that no shuttles would be operated in ei-
ther the peak or off-peak pericds, and no transfers
would be reguired. Schedules were established
without regard to the operation of other lines and no
consideration was given to the economics of a sys-
tem-wide coordination of services.

For the third-rail-extension alternative, power
would be taken from the third rail at all times. For
the GT/E alternative the trains would operate on
third-rail power whenever third rail existed, and the
turbines would be operated where the third rail did
not exist and when the turbines were being warmed
up and shut down. The outlying terminal and yard
trackage would be electrified toc expedite yard
moves and permit third rail operation of GT/E car
auxiliary equipment during layup.

Only essential cost differences were examined.
Improvements to track and signals would apply
equally to both alternatives and were not examined,
except that signal system modifications required for
compatibility with electrification are reflected in the
electrification costs. Track maintenance and train
crew costs were assumed to be the same and were
not examined.

To estimate the incremental cost of the GT/E cars
it was assumed that the GT/E cars were identical to
the M-1 cars in every respect except the turbine
power package and related accessories, including
all apparatus in the turbine modules, the fuel sys-
temn, turbine and changecver controls and related
trainlines. Separate estimates were prepared for the
GE and the Garrett GT/E cars. Economic factors re-
lated to the Garrett car's solid-state traction control
systemn were not considered. Because both the GT/E
and new M-1 cars could provide high- and low-level
platform service with movable steps and retractable
contact shoes, the cost of building high-level piat-
forms was not inciuded.

The specific differential capital costs that are es-
timated included.:

1, The extension of third-rail electrification for
M-1 car operation, and yard electrification for
the GT/E cars,

2. The turbine-power-related components of the
GTI/E cars, and

3. The wayside fueling facilities for the GT/E cars.

The specific differential annual operating costs
that were estirnated included:

1. Electric power and diesel fuel costs for opera-

ting the extended services,

2. Maintenance of the third rail electrification ex-

tensions,

3. Maintenance of turbine-power retated compo-

nents of the GT/E cars, and

4. Maintenance and cperation of turbine fueling

facilities.

The approach taken in the cost analysis was to
estimate unit costs factors for application to all
three routes, estimate the service and equipment re-
quired for each of the routes and apply the unit
costs to determine the total differential cost for
each route.

Unit costs for the GT/E cars were derived from the
prototype operation of the Garrett and General Elec-
tric GT/E cars and other informaticon provided by the
manufacturers. Electrification and fueling unit costs
were based on Long Island Rail Road data and other
data available through the MTA.

The service and equipment required for each
route were estimated by the method illustrated in
Figure 2.2-1. First, information was collected on the
existing route, service and equipment, and train per-
formance was simulated over the route to determine
run time and power consumption with the new
equipment. A new timetable was then prepared for
the M-1 and GT/E service, based on the simulated
run times and the existing timetable. The new time-
table was used to determine the car-miles and car-
hours in each mode, the car-trips operated and the
fleet size required.

The unit cost factors were then applied to the ser-
vice and equipment requirements for each route.
The costs calculated in this manner included fuel
and electric power costs, turbine maintenance
costs, equipment purchase costs, and fueling facili-
ty costs.

Electrification costs were developed from previ-
ous studies, route descriptions, and unit costs.
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2.3 ESTIMATES OF CAPITAL COSTS

The estimates of the capital costs are explained be-
low. All costs were estimated in 1977 dollars.

2.3.1 Capital Cost of Electrification

For M-1 service to be provided the full length of each
route, the third-rail electrification must be extended
to the outlying terminus and instailed on the layup
trackage. For the GT/E alternative, only the electrifi-
cation of the layup trackage would be installed.

Separate data were available for the extension of
third-rail electrification on each of the three routes.
The cost of extending electrification to Port Jeffer-
son had been detailed by Gibbs & Hill in a Novem-
ber, 1975 report to the MTA. Another Gibbs & Hill re-
port, dated December, 1976 included the costs of
electrifying to Peekskill on the Hudson Line. Oyster
Bay Branch electrification cost data had been pre-
pared at the MTA’s request by the LIRR Engineering
Department in 1976.

The New York-Port Jefferson Branch is 59.3 miles
long and is electrified west of Huntington for a dis-
tance of 36.6 miles. According to Gibbs & Hill, ex-
tension of the electrification over the 22.7 miles now
serviced by diesel would require 134,000 feet of third
rail and 16 substations.

The New York-Oyster Bay branch is 34.8 miles
long and is electrified west of East Williston for a
distance of 21.7 miles. According to the LIRR Engi-
neering Department extension of the electrification
over the remaining 13.1 miles would require 121,000
feet -of third rail and nine substations.

The New York-Poughkeepsie branch is 73.6 miles
long and is electrified for 34.6 miles to Croton North.
To electrify the remaining 39.0 miles would require
approximately 420,000 feet of third rail. Extrapola-
tion of the six substations required between Croton-
Harmon and Peekskill, as determined by Gibbs &
Hill, indicate that 31 substations would be required
to electrify to Poughkeepsie.

For the third-rail electrification alternative, the
Port Jefferson and Oyster Bay costs were used as
reported, while the Peekskill costs were extrapo-
lated to cover the length of the route from Croton-
Harmon to Poughkeepsie. To the Gibbs & Hill fig-
ures were added MTA-developed costs for associa-
ted third-rail items, work trains, flag protection, real
estate for the substations, and an estimate of addi-
tional engineering costs. The LIRR Engineering De-
partment figures were intended to reflect the full
cost of electrification and already included these
costs.

For the GT/E car alternative, costs were estimated

for one substation at the outlying terminus. The sub-
stations were sized to power the auxiliary equip-
ment of the stored cars. Only enough third rail costs
were included in the estimate to allow the stored
cars access to the third rail.

The estimated electrification capital costs are
summarized in Table 2.3-1.

TABLE 2.3-1
CAPITAL COSTS OF ELECTRIFICATION

Capital Costs

Third Rail With
Route Extension GT/E Cars
NY-Port Jefferson $40,061,000 $2,931,000
NY-Oyster Bay  $15,270,000 $1,556,000
NY-Poughkeepsie $77,633,000 $1,921,000

2.3.2 Capital Cost of Turbine Power-Related Car
Components

The estimates for the differential costs of the tur-
bine power-related component of the cars were
based, in part, on information supplied by the manu-
facturers of the cars. There was no significant differ-
ence in the capital costs of the Garrett twin industri-
al-type turbine power system and the GE twin air-
craft-derivative turbine power system. The cost of
the turbine power-related components of the GT/E
car were estimated to cost $300,000. Non-GT/E car
costs would be equal to both, and were not included
in the analysis.

2.3.3 Capital Cost of Turbine Fueling Facility

A fueling station now exists at Port Jefferson that
has adequate storage capacity but which would re-
quire an additional pump to handie the GT/E cars.
Complete fueling facilities would be required at
Oyster Bay and Poughkeepsie. A fueling facility
does exist at Croton-Harmon on the Poughkeepsie
route, but it would not be functional for the GT/E
through service.

Cost estimates for fueling facilities were obtained
from a Contractor who has installed similar facilities
at Port Jefferson and at Ronkonkoma. The estimates
assumed a fueling facitity would consist of a 20,000
gallon tank with two pumps, each rated at 100 gal-
lons per minute. The estimated cost of an additional
pump was $10,000; for a completed fueling facility it
was $30,000.



2.4 ESTIMATES OF UNIT AND ANNUAL COST FACTORS

The estimates of unit and annual costs tactors are
explained below. All costs were estimated in 1977
dollars.

2.41 Cost of Third-Rail Electric Power

Electric traction power consumption was estimated
for the M-1 by train simulation, and then adjusted by
a weight factor for the GT/E cars. Power consump-
tion rate of the auxiliary equipment on M-1 car was
supplied by the MTA and it was assumed the GT/E
cars would be the same. Electric power consump-
tion of the two GT/E-cars types were assumed to be
equat.

The average cost of electric power was suppfied
by the MTA. The cost was determined from a 1977
bill for electric power from the Power Authority of
the State of New York. No differentiation was made
between the cost for peak and off-peak power. The
estimated cost of third rail electric power was 3.7
cents per kilowatt-hour,

2.4.2 Cost of Turbine Fuel

Turbine fuel consumption at different power levels
was measured on both a GE and a Garrett car by
Scott Environmental Technology, Inc., as a subcon-
tractor to LTK&A. Table 2.4-1 summarizes the results
of their measurements. The table shows that fuel
consumption for the two cars was comparable at
high power levels. At free idle {no load), however, the
constant speed Garrett industrial turbine consumed
more fuel than the variable speed GE turbine. Thus
the overall fuel consumption of the Garrett turbine
in GT/E service could have been higher than the fuel
consumption of the GE turbine.

A piece-wise linear relationship between power
level and fuel consumption rate was developed us-
ing the Scott data. Total fuel consumed on arun was
then estimated from simulated operation which cal-
culated the time spent in each of eleven power
ranges. The product of time and fuel consumption
rate of each range was summed to give total fuel
consumption. To this total was added the fuel con-
sumed during turbine warm-up and cool-down cy-
cles.

The 37 cent-pergallon cost of diesel fuel used in
the calculations was the mid-1977 price paid by the
Long Island Rail Road.

2.4.3 Cost ot Maintaining Third Rail Electrification

Total expenditures for maintaining third rail and sub-
slations for the year 1976 were obtained from the
LIRR. A 67% overhead factor was added to the labor

TABLE 2.4-1

MEASUREMENT OF FUEL CONSUMPTION
BY SCOTT ENVIRONMENTAL TECHNOLOGY, INC.

GENERAL ELECTRIC GARRETT
% Fuel Fuel % Fuel Fuel
Power Flow Flow Power Flow Flow
(Ib/hr}y (galfhr) (Ibfhr) {gaifhr)
idie 1233 178 Idle 180 25.7
*15 1930 276 *10 189 27.0
63 285.0 365 62 250 357
64 2709 2387 62 253 36.1

*Station Idle

cost, which was estimated to be 40% of total cost.
Unit costs per foot of third rail and per substation
were estimated by dividing the total expenditures by
the totat length of existing third rail and the total
number of substations, The estimated annual cost
of maintaining the third rail was $1.23 per foot, of
maintaining a substation was $20,370.

2.4.4 Hourly Cost of Maintalning Turbine-Power-
Related Components

Both unscheduled and scheduled maintenance
were considered in estimating the turbine mainten-
ance costs. Repairs due to design deficiencies in
the prototype cars were identified and omitled, as
were repairs of manufacturing defects.
Unscheduled maintenance costs were based on
the GT/E car activity logs maintained by the MTA's
field representative for the GT/E car project. Main-
tenance activities on the turbines in the four Garrett
cars and two active GE cars were analyzed for the
nine-month period from May 3, 1977 to January 19,
1978. With the aid of MTA and LIRR personnel, an
estimate was made of man hours and materials re-
quired for repairs. Total maintenance costs for the
GE and the Garrett cars were determined and the to-
tal divided by the respective total car-miles operated
during the period examined. These unit costs were
then converted to a cost per turbine hour.
Scheduled maintenance costs were based on the
manufacturers’ recommended maintenance sched-
ules and the LIRR's experience with the GT/E cars.
With the assistance of the LIRR Equipment Perform-
ance Department, periodic inspection schedules
were developed for the GT/E cars, While developing
the maintenance schedules it was assumed that
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each turbine would operate 700-1000 hours per year
as indicated by the service simulation. Labor and
material costs were determined on either a per-year
or a per-turbine hour basis, as appropriate. All costs
were then converted to a perturbine hour basis, as-
suming 850 hours of cperation per turbine per year,
and summed.

The combustion components of the GE turbines
differed significantly from the combustion compo-
nents of the Garrett turbine. The difference in these
components, referred to as the hot section of the
turbine, result in significantly different maintenance
cost.

Hot-section repair and major overhaul costs for
the GE cars were estimated by AirWork, Inc., which
performed these services for the GE GT/E cars and
the Amtrak Turbotrain engines. Hot section inspec-
tions and repairs were expected to be required every
1500-2000 hours of turbine operation, major over-
hauls after 4000 hours and replacement after 20,000
hours.

Based upon this turbine service life, the average
hours operated per year, and an expected car life of
30 years, it was determined that a turbine replace-
ment program would be required. The average re-
placement cost per turbine hour was determined by
dividing the replacement cost per turbine by twice
its service life, which was the number of hours of
operation that would be possible with the original
turbine and one replacement. The turbine replace-
ment cost was estimated by GE.

Little information was available on overhaul and
replacement intervals and costs for the turbines in
the Garrett cars. Although the AiResearch turbine is
in wide use, the GT/E application is the first to use
diesel fuel; all other applications apparently used
natural gas and operated in much cleaner environ-
ments. The different operating conditions affect the
overhaul intervals and costs. Based on the LIRR ex-
perience and other information that was available, it
was estimated that overhauls would be required ev-
ery 5000 hours, and that turbine life would be of suf-

TABLE 2.4-2

PER CAR-HOUR ESTIMATED TURBINE
MAINTENANCE COSTS

GE Garrett
Maintenance Item Turbine Turbine
Unscheduled maintenance $136 % 216
Hot-section inspection and
overhaul 2.06 37
Turbine overhauls 1474 1318
Turbine replacement 304 —
Scheduled maintenance 13.25 12.06

Total Hourly Maintenance Costs $I_34.45 $27.77

ficient length that no replacement would be re-
quired over the life of the car. Major hot-section in-
spections and repalrs would not be required on the
Garrett turbine, but a more frequent, less costly in-
spection of the combustion chamber lining assem-
bly would be required ever 500 hours.

The estimated turbine maintenance costs per car
hour are summarized in Table 2.4-2 for 700-1000
hours of car operation per year.

24.5 Annual Cost of Maintaining and Operating
Turhine Fueling Facility

The cost estimate of maintaining the turbine fueling
facility was based on the cost of maintaining exist-
ing fueling facilities on the LIRR. The total cost of
fueling facility maintenance reported in the 1876 An-
nual Report was divided by the number of LIRR fuel-
ing facilities to estimate the maintenance cost per
fueling facility. The estimated annual cost of main-
taining a turbine fueling facility is $1,000.

The cost of operating the fueling facilities was es-
timated by estimating the crew size and hours
needed for the fueling operation and multiplying by
an $8/hour wage rate with an additional 67% over-
head factor. The estimated annual cost of operating
a turbine fueling facility with a 3-man crew is $83,000,
with a 4man crew it is $111,000.

25 NEW YORK-PORT JEFFERSON THROUGH SERVICE COST COMPARISON

2.5.1 Operating Statistics for High-Performance
Through Service

Computer simulated operation of M-1 trains be-

tween New York and Port Jefferson indicated a trip

time of 78 minutes, based on an 80 mph maximum

speed, the M-1 performance settings; and running

express from Jamaica to Huntington. The GT/E

40

trains would have had the same trip times since they
would have had the same high performance. The
computed trip time was incorporated into a hypo-
thetical timetable based on the schedules in effect
May 23, 1977. Twenty-minute service was to be pro-
vided in the peak periods, hourly service in the off-
peak periods. From this data, fleet size, car miles,




and turbine hours were determined. Table 2.5-1 sum-
marizes the operating statistics for the high-per-
formance New York-Port Jetferson through service,

The length of trains required to provide the ser-
vice were determined by the LIRR using available
passenger counts. A sufficient number of M-1 cars
would have been used to provide seats for all pas-
sengers. The same numbers of cars would also have
provided seats for all passengers on the Garrett
GT/E cars but would have resulted in standees on
the GE GT/E cars because they seat only 112 pas-
sengers. The minimum train length was set at four
cars.

A shop margin of 10% was allowed for both the
M-1 and the GT/E fleets. However, because of the
higher maintenance requirements and smaller fleet
size GTE, a higher margin and resulting larger fleet
size might have been necessary for GT/E operation,

The method of installing the service would also
have affected the fleet size. If existing M-1 trains-ori-
ginating from Huntington were to be started from
Port Jefferson the number of new M-1 cars required
would have been reduced by eight. The GT/E alterna-

TABLE 2.51
NEWYORK-PORTJEFFERSONTHROUGH SERVICE
OPERATING STATISTICS
Cars Required: 60
Daily Car-Trips: 212
Annual Car-Hours wfTurbines Operating: 49,600

Annual Car-Miles:
Third Raif Territory 2,405,000
Turbine Territory 1,492,000
Total Car-Miles: 3,897,000

tive could not take advantage of the existing Hunt-
ington trains in the same manner; however, the GT/E
fleet would have replaced eight M-1 cars originating
from Huntington since the diesel shuttles they usu-
ally meet at Huntington would have been replaced
by GT/E through trains. Rather than comparing a re-
duced M-1 car purchase to a GT/E car purchase less
an eight-car credit, the full fleet size actually re-
quired to carry Port Jefferson passengers was used
for both,

TABLE 2.5-2

NEW YORK-PORT JEFFERSON THROUGH SERVICE
DIFFERENTIAL COST SUMMARY ($1000)

l. CAPITAL COST
A. Fueling Facility
B. Equipment (Components

Related to Turbine
Power Only)

C. Electrification
DIFFERENTIAL CAPITAL COST

II.  ANNUAL OPERATING COST
A. Power/Fuel
Power
Fuel
B. Maintenance of Electrification

C. Maintenance of Equipment
{Components Related to
Turbine Power Only)

D. Maintenance of Fueling Facility
E. Operation of Fueling Facility

DIFFERENTIAL ANNUAL
OPERATING COST

Third Rail
Electrification GT/E-Car Alternative

Alternative Garrett Car G.E. Car
$ — $ 10 $ 10
- 18,000 18,000
$40,061 2,931 2,931
$40,061 $20,941 $20,941
$ 919 $ 850 $ 850
—-— 1,059 1,038
511 36 36
— 1,383 1,709
— 1 1
—_ 111 111
$ 1,430 $ 3245 $ 3,545
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The unit-cost factors of Section 2.4 were applied
to the New York-Port Jefferson route requirements
to estimate the total differential costs of the aiterna-
tive methods of providing the high-performance ser-
vice. The capital costs and annual costs are sum-
marized in Table 2.5-2. The analysis showed that
third rail extension with M-1 service would have re-
quired a $18 million greater capital expenditure, and
would have been $1.8 million per year |less costly to
operate than the GE GT/E alternative and $1.5 mil-
lion per year less costly to operate than the Garrett

GT/E alternative. The difference in capital costs was
the high cost of extending the third rail electrifica-
tion to Port Jefferson for M-1 car operation. The cost
more than offset the savings of the less expensive
M-1 car.

On the other hand, a fleet of either GE or Garrett
GT/E cars would have been more costly to maintain
and to power than a fleet of M-1 cars. These costs
would have been much higher than the cost of main-
taining the new electrified trackage between Hunt-
ington and Port Jefferson.

2.6 NEW YORK-OYSTER BAY THROUGH SERVICE COST COMPARISON

2.6.1 Operating Statistics for High-Performance
Through Ssrvice

Computer-simulated operation of M-1 trains be-
tween New York and Oyster Bay indicated a trip time
of 57 minutes, based on 80 mph operation and M-1
performance settings, for both the M-1 and the GT/E
trains. A hypothetical timetable was developed
based on the computed trip time and the schedules
in effect May 23, 1977. Train lengths were deter-
mined by the LIRR based on available passenger
counts, fully seated loads and minimum consists of
four cars,

Fleet size, car miles, and turbine hours were esti-
mated from the data and are summarized in Table
2.6-1 for the high-performance New York-Oyster Bay
service. No economy would be realized by coordina-
tion with existing M-1 service, only the number of
M-1 or GT/E cars required to replace the existing die-
sel service, plus a 10% shop margin, was shown.

2.6.2 Differential Costs Comparison

The unit-cost factors of Section 2.4 were applied to
the New York-Oyster Bay route requirements to esti-

TABLE 2.6-1

NEW YORK-OYSTER BAY THROUGH SERVICE
OPERATING STATISTICS

Cars Required: 30
Daily Car Trips: 156
Annual Car Hour w/Turbines Operating: 28,600

Annual Car-Miles:
Third Rail Territory: 1,066,000
Turbine Territory: 644,000
Total Car-Miles: 1,710,000

mate the total differential costs of the alternative
methods of providing the high-performance service.
The capital costs and annual costs are summarized
in Table 2.6-2. As with the Port Jefferson analysis,
the M-1 alternative would be required a larger capital
investment, but would have been less costly to oper-
ate. The M-1 alternative would require a $5.7 million
greater investment, and the Garrett and General
Electric GT/E alternatives would have cost $0.85 and
$1.0 million more each year to operate.

2.7 NEW YORK POUGHKEEPSIE THROUGH SERVICE COST COMPARISON

2.7.1 Operating Statistics for High-Performance
Through Service

Computer-simulated operation of M-1 trains be-
tween New York and Poughkeepsie indicated a trip
time of 93 minutes, based on 1977 speed restric-
tions 60-70 mph over most of the route, and no stops
between Grand Central Terminal and Croton-Har-
mon.

A hypothetical timetable was developed based on
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the computed trip times and the schedule in effect
October 30, 1977. The practice of turning trains at
Peekskill and Montrose during peak periods was re-
tained. Approximately half-hour service was to be
provided in the peak periods, hourly and bihourly
service in the off-peak periods. Present train lengths,
rounded up to an even number, were used. While
RDCs operate singly, two car minimums would be
required for the M-1s and GT/Es, since both operate
as married pairs.



TABLE 2.6-2

NEW YORK-OYSTER BAY THROUGH SERVICE
DIFFERENTIAL COST SUMMARY ($1000)

. CAPITAL COST

A. Equipment (Components
Related to Turbine
Power Only)

B. Electrification
C. Fueling Facility

DIFFERENTIAL CAPITAL COST

{l.  ANNUAL OPERATING COST
A, Power/Fuel
Power
Fuel
B. Maintenance of Electrification

C. Maintenance of Equipment
{Components Related to
Turbine Power Only)

D. Maintenance of Fueling Facility
E. Operation of Fueling Facility

DIFFERENTIAL ANNUAL
OPERATING COST

Third Rail
Electrification GT/E-Car Alternatives
Alternative Garrett Car G.E. Car
- § 9000 $ 9,000
$15,270 1,556 1,556
— 30 30
$15,270 $10,586 310,586
3 526 $ 335 ¥ 335
— 653 611
528 42 42
— 794 985
— 1 1
— 83 83
$ 1,054 ¥ 1,908 ¥ 2057

Fleet size, car miles, and turbine hours were esti-
mated from the data and are summarized in Table
2.7-1 for the high-performance New York-Pough-
keepsie service.

TABLE 2.71

NEW YORK-POUGHKEEPSIE THROUGH SERVICE
OPERATING STATISTICS

Cars Required: 36
Daily Car-Trips: (to/from Poughkeepsie) 80
{to/from Montrose & 16

Peekskill)

Annual Car-Hours w/Turbines Operating: 26,300
Annual Car-Miles:

Third Rail Territory: 1,000,000
Turbine Territory: 1,043,000
Total Car-Miles 2,043,000

2.7.2 Differential Costs Comparison

The unit-cost factors of Section 2.4 were applied to
the New York-Poughkeepsie route requirements to
estimate the total differential costs of the alternate
methods of providing the high-performance service,
These costs are summarized in Table 2.7-2.

These figures show that GT/E service would have
been lower both in initial cost and in annual opera-
ting cost. The costs of construction and mainten-
ance of third-rail electrification would make the use
of M-1 prohibitively expensive for the light commu-
ter traffic on the upper Hudson line (Amtrak's ser-
vice to Albany was not considered in this study). Of
the two GT/E cars, the car with the industrial-type
turbine would consume more fuel, but would be less
costly to maintain and more overall economical than
the car with the aircraft-type turhine.

As with the Port Jefferson analysis, comments re-
garding fleet size are in order. The existing M-1
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trains would have been originated at Poughkeepsie
for the high-performance service, replacing the RDC
shuttles and reducing the number of new M-1 cars
required. On the other hand, purchase of a GT/E
fleet would have reduced the number of M-1 cars re-
quired on the Croton-Harmon trains, and the M-1
cars woulid have been free to replace older EMU
equipment still operating on the Harlem-Hudson
line.

This analysis assumed that train crew require-
ments would be the same for both M-1 and GT/E
consists for the Poughkeepsie service, It is possi-

ble, however, that an extra crew member—a fireman
—might be required on GT/E trains. Current labor
agreements have the effect of requiring a fireman on
multiple-unit RDC trains. If this rule were applied to
GT/E trains, firemen would be required on all trains
since the minimum train length is two cars. Because
most RDC cars operate as one-car trains, firemen
are usually not required. Firemen would be elimina-
ted altogether in the third-rail extension alternative.
At the time of this report, the question of whether
firemen would be required on GT/E trains had not
been resolved.

TABLE 2.7-2

NEW YORK-POUGHKEEPSIE THROUGH SERVICE
DIFFERENTIAL COST SUMMARY (51000)

. CAPITAL COST

A. Equipment (Components
Related to Turbine
Power Only)

B. Electrification
C. Fueling Facility

DIFFERENTIAL CAPITAL COST

.  ANNUAL OPERATING COST
A. Power/Fuel
Power
Fuel
B. Maintenance of Electrification

C. Maintenance of Equipment
{Components Related to
Turbine Fower Oniy)

D. Maintenance of Fueling Facility
E. Operation of Fueling Facility

DIFFERENTIAL ANNUAL
OPERATING COST
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Third Rail
Efectrification GT/E-Car Alternatives
Alternative Garrett Car G.E. Car
— 10,800 10,800
$77,633 1,921 1,821
— 30 30
$77,633 $12,751 $12,751
$ 377 $ 209 $ 209
— 570 537
1 27 27
— 730 906
- 1 1
— 83 83
$ 1,524 $ 1,630 $ 1,763




2.8 CONCLUSIONS

The analyses indicated that providing service to
Oyster Bay and Port Jefferson with Gas Turbine/
Electric cars similar to the prototypes built by Gen-
eral Electric Co. and by Garrett Corp. is not an attrac-
tive alternative to extending third-rail electrification
to the points and providing service with M-1 cars.
Despite the high capital cost of third-rail electrifica-
tion, in these cases the higher annual operating
costs of GT/E service are significant enough that the
cost of electrification could be reccovered within a
few years.

The analyses indicated that providing service to
Poughkeepsie with GT/E cars would be cost effec-
tive, compared to a third-rail extension and M-1 cars,
from both a capital and operating cost standpoint.
This conclusion does not, however, take account of
the continuous increase in fuel costs that have oc-
curred since then.

Many factors could influence and change the esti-
mated cost and relative economy of the alternatives.
For example, the cost of diesel fuel may increase at
a rate faster than the cost of electric power, eroding
the relative value of the GT/E car in all three cases.

Another factor which would affect the economies
of all three cases is the lack of certainty as to the re-
liability and the maintenance cost of the turbine
power unit in rail service. Maintenance of the tur-
bine power-related components is added to the
maintenance of the rest of the car which should be
equal to the M-1 car. If the M-1 fleet requires a 10%
shop margin, the GT/E fleet with additional mainten-
ance requirements might require a 15 or 20% shop
margin or a large inventory of quick-exchange tur-
bine medules. If so, the capital costs of the GT/E al-
ternative would increase.

The short (nine-menth) pericd of GT/E operation
examined in this study and the low availability of the
equipment during the study pericd made full analy-
sis of corrective maintenance costs difficult. Major
repairs required following extended periods of oper-
ation could not be examined. With only 500-1000
hours on each turbine the major repairs that were re-

quired were considered to be due to design prob-
iems that would need to be corrected or due to
manufacturing defects. Thus, the experience with
the prototype GT/E equipment did not provide a firm
base for estimating the unscheduled maintenance
costs.

A factor which would affect the relative costs for
the Port Jetferson and Poughkeepsie services is
that the number of new M-1 cars required for the ser-
vice is less than the number of GT/E cars required.
This would reduce the capital costs, making the
third rail extension and M-1 service more attractive.

For the Poughkeepsie service three other factors
could also affect the differential costs.

First, if firemen are required on GT/E trains, ths
difference in operating costs would be reduced.

Second, cost development was based on LIRR
costs, rather than on costs experienced by Conrail
in the Metropolitan Region.

Third, the analysis was based on existing leveis of
service. As ridership increases in response to im-
proved service and car miles are increased accord-
ingly, the relative economics of electrification would
improve. While costs of electrification would remain
fixed, the differences in power costs, equipment
maintenance costs, and equipment purchase costs
could shift to favor third-rait electrification and M-1
service.

Finally, the number of subsystems and conse-
quent vehicle complexity made necessary by the dif-
ferent wayside configurations encountered on the
MTA system {i.e., high-low level step system, retract-
able third rail system), contributed greatly to the in-
service unreliability of the GT/E cars. This unreliabil-
ity, considered with the economic analysis, has re-
moved the GT/E concept from consideration at MTA.
As the requirements for additional subsystems may
not exist on other transit systems, an independent
analysis of vehicle configuration and economic
parameters (ridership levels, length of route) should
be made for any projected use of the GT/E concept.
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