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Abstract

The paper describes the results of studies to de~
termine the feasibility of a light weight nuclear pro-
pulsion system (LWNP) conceptual design for marine
applications. The powerplant design concept is based
upon nuclear rocket reactor and other existing tech-
nologies. It consists of a gas~cooled nuclear reactor
and integrally packaged gas turbine propulsion system,
The selected power cycle, which uses helium at 1700°F
and 1500 psia in a closed Brayton cycle, is diagrammed
and described. The nuclear reactor uses technologies
developed and demonstrated in both the nuclear rocket
and the land-based gas cooled commercial reactor
programs, Conceptual designs are presented to demon=~
strate the feasibility of, and the advantages to be
gained by substituting the LWNP for aircroft deriva-
tive marine gas turbines in a high performance
displacement ship and cargo liner,

Introduction

Studies of the application of nuclear power for
propulsion of vehicles which are highly weight sensi~-
tive and/or highly volume sensitive have been perform-
ed by Westinghouse engineers and scientists since 1972,
The studies have been directed toward definition of
practical powerplants for which the basic technology
is already available or being developed in separate,
independent programs. The nuclear rocket technolo~
gies have been one of the important bases for these
studies.

The purpose of these studies has been to evaluate
feasibility and practicality by preparing a powerplant
design for a representative application in sufficient
detail for such evaluation. An additional purpose has
been to provide characteristic data for scaling and
adapting to other applications. A single, demanding
application and one plant rating were chosen for exam-
ination in depth, limited of course by the effort which
could be applied. The major objectives of the study
can be summarized in three questions:

o Is a light weight nuclear powerplant feasible
for such an application?

o Does the basic technology exist to initiate

a development and demonstration program
for a light weight nuclear powerplant?

e  Where problems are identified, can at least
one engineering solution be identified?

The feasibility studies were initially accomplish~
ed using a Surface Effects Ship (SES) as the represen~
tative application. The SES places stringent require-
ments on the powerplant because of weight and volume
limitations. Some results have been summarized in
References 1, 2, and 3, Numerous engineering varia-
tions of the representative design have been studied.

As a result of the studies, it has been concluded
by Westinghouse that the LWNP is both feasible and
practical. It is also believed that sufficient conserva-
tism has been included to insure that the projected
characteristics are realistic estimates of the character-
istics which would be exhibited by such a powerplant
after its development has been accomplished. It should
be recognized that even though the technology already
exists, a major development program is required for the
LWNP. However, it should also be recognized that a
separate development program is not required for each
application of the LWNP. The concept is such that,
if developed, it could be applied with a very high
degree of commonality to a wide range of applications.
This paper addresses cne of the potential applications,
that of a propulsion system for displacement ships.

As a basis for evaluation of the suitability of the
Light Weight Nuclear Powerplant (LWNP) for maritime
displacement ship propulsion, it was desired to deter-
mine if a LWNP could provide the same, or higher,
power output as an existing aircraft derivative marine
gas turbine, fit within the engine room space occupied
by a comparable open cycle gas turbine and provide
operational or economic incentives for the change.
This purpose resulted in the assumed top level require-
ments summarized in Table L. Fulfillment of these re-
quirements would indicate that use of LWNP's would
be possible from the powerplant standpoint. The power=
plant weight limitation listed in Table | was taken to
be the total of the weights of the components which
would be eliminated in such a change and of the fossil
fuel which would no longer be needed. The nuclear



TABLE |
ASSUMED REQUIREMENTS

GENERAL

o  The powerplant must fit within space nor-~
mally allotted to the replaced engine, fuel
and ductwork.

o The powerplant must interface with pre~
vious installed reduction gears.

e No significant alteration of personnel
spaces outside of the engine room should
be required because of the nuclear power-

plant.
SPECIFIC
Output Shaft Power 25,000 HP
Full Power Lifetime 10,000 Hrs
Maximum Dimensions 8'-9" Wx 14' H
(Replaceable Module) x 26'-6" L
Approximate Maximum 25 Lb/HP

Specific Weight

Shielding 1 Millirem/Hr at the
Surface of the Shield
in the Direction of
Occupied Areas at

Full Power

powerplant weights discussed in this paper therefore
include only the weights of those items which are
peculiar to the nuclear powerplant. Such a definition
of powerplant scope therefore allows a direct compari-

son and consideration of any weight changes due to
use of LWNP's,

The Light Weight Nuclear Powerplant

The study requirements assumed a desirability to
interface with bed plates and reduction gears designed
for the LM=2500 gas turbine, They also assumed the
suitability of the very restrictive dose rafe limitations
which have been used in recent safety studies of nu-
clear powerplants for merchant ships. The assumption
was made that the shielding must be sufficient to per-
mit unlimited occupancy outside of the engine room.

Trade-off studies indicated the desirability of a
compact closed Brayton power conversion system with
recuperation and one stage of intercooling using helium
as the working fluid. A schematic diagram of the
closed cycle flow path is shown in Figure 1. Overall
cycle pressure ratio is weight optimized at approxi-
mately 3.7. Heat rejection from the precoolers and
intercoolers is to an intermediate heat transfer system
which in turn rejects heat to seawater through a sea-
water heat exchanger as shown in Figure 2. Typical
femperature/enrrapy conditions are shown in Figure 3.
Reactor outlet conditions of 1700°F and 1500 psia were

selected after consideration of cycle and materials re~
quirements and technology and were primarily deter-
mined by considerations associated with the gas tur-
bines. These conditions provide an attractive overall
cycle efficiency and a compact powerplant which can
be achieved within the expected capability of super-

alloy materials without requiring cooling of the turbine
blades.

PRECOOLER

m;unww_ssou

!

=

<D<

INTERCOOLER

l CHARCOAL  MOL
BED SIEvE

HEAT COMPRESSOR

ECONOMIZER

EHAOE N ¢
e

Figure 1. Powerplant Schematic

NO.1 PRIMARY (NELIUM) NO.2 PRIMARY (HELIUM)

EMERGENCY

N PRECOOLER (NTERCOOLER INTERCOOLER PRECOOLER | oG ﬁ
N [
N JJJ W«‘ Lr’\/\ﬁj gd LF/G" | SHIELD
N "L c [ COOLING
U — ; !
N

N _JF B %

A L SCORTAINMENT . S\ S

D

l 3 S a— .
. ' , S i —
I by -
Py (O] é
o T S
wmu vnuwmvl [warer vnnmwv] [water TREATMENT |
| o
ol
f A o } [y
15 ]
!
X ;
1 3 |
| i
N N ©
j T T
SEAWATER SEAWATER AlIR

Figure 2. Intermediate Heat Rejection Systems

The molecular sieve and cooled charcoal bed
shown in Figure 1 reduce the small amount of activity
which could be present in the primary system due to
fission products. The essentially clean helium from
the charcoal bed is returned to the cycle during steady-
state operations. Alternatively, the clean helium can
be directed to storage volumes A or B, These storage

volumes are part of the powerplant control system in

the version of the LWNP under discussion, When used
in conjunction with automatic reactor exit temperature
control, valving of helium from the primary flow system
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Figure 3. LWNP Cycle Diagram

into the storage volumes results in a decrease in output
shaft power, Conversely, valving of helium from the
storage volume into the primary flow path at the low
pressure compressor inlet affects a power increase.

As with any nuclear plant, provision must be
incorporated fo insure removal of reactor decay heat.
The emergency cooling system performs this function,
without external power, and transfers the heat to its
own intermediate heat transfer system and thence to
ambient air through heat exchangers. The complete
powerplant also includes the other usual powerplant
auxiliary systems.,
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The powerplant module concept which resulted
from the study is shown in Figure 4, The replaceable
powerplant module is 8' - 9" wide, 11' = 9" high, and
24' - 3" long (overall powerplant width 9' - 6" and
length 26' - 6"), The module contains the reactor,
radiation shielding {including a "plug" shield which
permits flow of helium while attenuating radiation),
power conversion assemblies, control gas storage,
fission product cleanup system, and emergency cooling
system, All of the primary system components are
contained within a thick-walled containment vessel
for safety. Not shown on this view, for clarity, but
included in the weight and total volume estimates
are auxiliary system components outside of the main
module such as the intermediate heat rejection system
and seawater heat exchanger, lube system, control
racks, etc.

Reference 2 describes the reactor in some detail,
However, some discussion of the concept is warranted
in this paper. The reactor assembly includes the fueled
core, axial and radial reflectors, core support systems,
radial fungsten shield and appropriate provisions for
gas cooling of the high temperature structure. These
components are contained within a pressure vessel.

The reactor desigh draws heavily upon the demon-
strated NERVA reactor design technology (References
4 and 5) and incorporates adaptations of those NERVA
design features appropriate for this application

Like NERVA, the reactor is a gas=cooled graph~
ite moderated, epi=thermal reactor with coated fuel
beads dispersed in graphife elements, has a lateral sup-
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Figure 4. 25,000 SHP LWNP



port system to maintain core bundling and has a beryl -
lium radial reflector with control drums., While fuel
element fabrication is based on NERVA technology,
the lower operating temperature permits the use of
TRISO design fuel beads. The TRISO bead, developed
and used in commercial gas-cooled reactors, provides
high retention of fission products within the fuel bead
itself as a barrier to fission product release, This is of
great significance in enhancing the overall safety of
the system. In view of the relatively low core exit
temperature, the LWNP incorporates a hot end support
plate, which was considered during the NERVA program
as an alternate to in-core tie rods or tie-tubes, to min-
imize core size and reduce external shield and con~
tainment weight. A lateral support system adapted
from the NERVA reactor provides radial bundling to
position the core while still permitting the core dimen-
sional changes which occur in operation. Based on the
successful NERVA development and test program, there
is a high degree of confidence that the LWNP reactor
can be successful with a reasonable development pro-
gram,

The reactor assembly, shown in Figure 5, consists
of a fueled core surrounded by a reflector and internal
shield, the whole assembly being contained in a pres-
sure vessel. An external shield surrounds the assembly,
except where the working fluid enters and leaves the
reactor. At this location, the internal and external
shields are replaced by a plug shield through which
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Figure 5. LWNP Reactor Configuration

the coolant enters and leaves in a coaxial arrangement.
The tortuous flow passage geometry of the plug shield
provides radiation shielding while permitting the flow
of coolant.

The reactor core is constructed from fuel elements
30 inches in length and of hexagonal cross section.
Each fuel element has seven axial cooling holes, each
0.133 inch in diameter, providing twenty percent void
fraction., The elements measure 0,75 inch across the
flats of the hexagon and are bundled together in the
form of a right circular cylinder approximately 35
inches in diameter. The fuel, in the form of TRISO
coated beads, is incorporated into the extruded graph-
ite matrix of the fuel element. The use of non~corrosive
helium, lower core exit temperature level (1700°F
versus 4090°F for NERVA) and lower temperature rise
between core inlet and core exit (900°F versus 3980°F
for NERVA) significantly ease the environment for the
core, contributing to longer life.

Strips of pyrolytic graphite insulation material
are interposed between the filler strips and the fuel
elements fo minimize the radial conduction of heat
from the core. The radial forces which effect the
bundling of the core are transmitted through a system
of graphite segments and steel leaf springs to the re-
flector assembly which surrounds the core,

The reflector assembly is constructed from beryl -
lium segments which are bolted to Inconel 718 rings at
the inlet and outlet ends. Each segment contains
control drum, free to rotate through an angle of 180
degrees. The control drum consists of a beryllium
cylinder having a sector of beryllium removed and re=-
placed by a number of stainless steel tubes coniaining
boron carbide. The control drums are driven through
splined quill shafts from electric actuators mounted on
the pressure vesse! dome. Axial cooling holes are
drilled in the reflector segments and control drums.

An Inconel 718 plate is supported from the re-
flector assembly at the core inlet end and applies an
axial preload to the core through coil springs, one for
each element. The springs apply sufficient load to
ensure that the core remains seated on the outlet and
support plate during thermal contraction of the core
and also under negative "g" conditions should these
arise in operations,

Radiation shielding internal to the pressure ves-
sel acts with the external shielding to satisfy the appli-
cable dose rate criteria. The internal shield is com-
posed of two parts: a tungsten shield {gamma) that
surrounds the radial and top reflectors, and the sepa-
rate plug shield (neutron and gammay).

The internal shield is consiructed from segmental
blocks which are provided with cooling holes and are
supported from Inconel 718 rings. This shielding is
located internal to the pressure vessel for ease of cool-
ing, to recover the energy deposited in it and is an
advantage in minimizing total shield weight.



The pressure vessel is made from two weldments
which are joined by means of a bolted and seal welded
flange. A coaxial flow system is employed with the
hot gas leaving the reactor through the central Inconel
X pipe. The pressure vessel and piping walls which
must withstand the system operating pressure are thus
exposed only to the cooler reactor inlet gas flowing in
the outer annular space.

Structural sizing of the pressure vessel has been
predicated on an operating pressure of 1600 psi and an
allowable material stress of 30,000 psi, and thus is
consistent with the use of SA-533 Low Alloy Steel.
This material is generally used throughout the nuclear
industry for coded pressure vessels. However, use of
fnconel 718 for the pressure vessel in this application
offers the potential of increased strength capability or
a reduction in pressure vessel thickness,

The turbomachinery/heat exchanger module for
the LWNP is illustrated in Figure 6. It provides an
integrated package of the cycle components to permit
a minimum size, and therefore a minimum weight con~
tainment vessel. The module contains high and low
pressure compressors, high and low pressure turbines,
recuperator, precooler, intercooler, and connecting
ducts and shafts, The compressors are driven by the
high pressure turbine while the output power is pro-
vided by the low pressure free power turbine. For this
application the power turbine has been combined with
an internal planetary reduction gear assembly to pro-
vide an output shaft speed of 3600 rpm at rated power
compatible with the external reduction gears. Use of
a low pressure free power turbine without mechanical
coupling to the gas generator components permits a
wide variation in output shaft speed without affecting
the gas generator speed. Also included is an output
shaft seal assembly for the drive shaft penetration
through the containment vessel, This seal assembly in-
cludes provisions for positive metal -to-metal sealing
of the shaft to the containment vessel in the event of
sinking.
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Figure 6. Turbine~Compressor-Heat Exchanger Module

The requirement for close=-coupled integration
of the heat exchangers and turbomachinery into one
compact package results from systems requirements fo
minimize containment dimensions and total system
weight, and also from the desire to minimize con-
necting piping for reliability.

As with all other portions of the powerplant
system, the radiation shielding was designed consider-
ing the contributions of all components of the system,
Adequate shielding is provided to limit the dose exter-
nal to the LWNP to less than the required levels. The
radiation sources can be thought of as fwo-fold; fission
neutrons and eleciromagnetic energy (gamma) from
neutron absorption and fission product decay, The total
shielding function is shared by various system compon-
ents and includes shielding internal to the reactor
assembly, component structures themselves (including
the containment vessel) and by a shield external to the
containment vessel. The external shield is fo be seg~
mented to simplify removal and installation, In terms
of radiation emanating from the core itself the primary
shielding function is accomplished by shielding internal
to the reactor assembly (plug shield and tungsten shield)
and the borated zirconium hydride and borated water
shields immediate!y around the reactor but located out-
side the containment vessel, Shielding for gamma radi-
ation originating from the small quantity of fission pro-
ducts which could enter the helium working fluid in
the worst case is provided by the component structures,
including the thick-wall containment vessel,

The radial shielding is based upon the results of
the extensive shield optimization of the past USAF
sponsored NUERA (Nuclear Extended Range Aircraft)
study (Reference 6), The reactor shield shown in Fig-
ure 2 is composed of two parts: the basic radial shield
that encompasses the sides and top of the reactor, in~
cluding shielding internal to the reactor vessel (tungs-
ten) and external to the containment vessel (borated
ZrHy and water) and a “plug shield" of tungsten, beryl-
lium oxide and boron carbide that is ofter the reactor
support plate. The separate plug shield is required to
accommodate the helium working fluid inlet and ex-
haust flow paths without introducing large continuous
regions of very low material density, essentially void,
through which radiation originating in reactor could
"stream” out, giving rise to external regions in which
the established dose rate criterion would be violated.
Thea importance of minimizing the size of the power-
plant components which must be shielded and of opti-
mizing the shield materials and design is apparent
when it is recognized that the shield and containment
together make up about two~thirds of the total power-
plant weight.

Shaping of the shield to fit the specific needs of
the application is evident in Figure 2. The shielding
on the lower side is reduced to that which is adequate
to protect at the bedplate and to allow limited access
below the powerplant for maintenance in that area.
The shield shaping reduces powerplant weight and also
minimizes the height over the reactor and shield.



The estimated weight of the powerplant is
602,000 pounds, or 24,1 Ib per HP, distributed as
shown in Table Il for the powerplant scope as stated
earlier. Clearly, even though very stringent require-
ments were assumed as top level criteria, the results
of this study indicate the feasibility of a LWNP for
marine propulsion plant applications appropriate to
marine gas furbines of the LM-2500 type.

TABLE I
ESTIMATED LWNP WEIGHT SUMMARY

Wat. (1000 Ibs) Lb/SHP

Reactor 9 0.4
Shield 385 15.4
Turbomachinery and 18 0.7
HEX Assembly
Control Gas Storage 7 0.3
Emergency Cooldown 3 0.1
Equipment Shield and 107 4.3
Fission Product Cleanup
Water and Auxiliary Systems 63 2,5
Power Transmission 10 0.4
602 24,1

A slightly larger powerplant could provide out~
put power comparable to the FT4A gas turbines in-
stalled in the Euroliner (30,000 hp maximum continu~-
ous). A powerplant of that size is estimated to have
a specific weight of 22,1 Ib/hr.

In a size to match the LM~5000 class of engine

and provide the normal maximum input to a single
shaft (on the order of 60,000 SHP), the LWNP specific
weight would be approximately 15.6 |b/HP.

The LWNP concept has been derived for appli-

cations which place a premium on powerplant compact-

ness and light weight and which also have limited on-
board maintenance capability. The LWNP concept has
therefore been configured for modular removal and re~
placement of a unit comprising the containment vessel
and its infernal components. A new or refueled and
refurbished unit, fully checked out in a shore facility,
would then be installed so that the ship could quickly
return to service.

The majority of the LWNP components which are
likely to require muintenance are located external to
the containment where they are accessible. By design
tha components inside the containment are minimized,
but cccess fo most of these components for removal can
be provided if further study of required on-board main-
tenaonce would indicate the need for such,

Application to a High Performance Displacement Ship

A major current application of the LM=2500 class
of marine gas turbines has been in high performance
displacement ships. These designs are characterized
both by stringent weight and by stringent volume con-
straints. Consequently a typical design of the type
was selected for naval architectural studies to evaluate
the feasibility of using LWNP's for propulsion machinery
rather than LM-2500's,

As noted under discussion of the powerplant de-
sign, the ground rules for the LWNP design study re-
quired that it interface with the basic propulsion system
at the flanged couplings of the twin input shafts of the
reduction gears. Spatial relationships, power level and
shaft speed of the nuclear powerplant and the remainder
of the propulsion system were to match at that point.
Figure 7 shows the relative sizes, configurations and
weights of the fossil fueled gas turbines and the LWNP's
for one shaft's worth of power.
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To use LWNP's for main propulsion the four
25,000 HP gas turbines and their directly associated
auxiliaries, combustion air supply and exhaust trunks,
propulsion contro! equipment, foundations, and repair
parts were deleted, The separate fossil~fueled ship's
service generators were retained. Therefore, sufficient
fuel also was retained to provide 30 days of continuous
operation. This would take optimum advantage of the
nuclear endurance of the propulsion plant by matching
the nominal replenishment cycles for fresh and frozen
provisions, Table Il lists the weights of items that were
removed, including a balance of 820 tons of fuel.



TABLE Ili

WEIGHT REMOVALS

Weight
Sub-Group (Long Tons)
201  Propulsion Units 91
204 Combustion Air Supply 56
205 Exhaust Uptakes 122
206  Propulsion Conirol Equipment 11
210 FO Service System 6
250 Propulsion Repair Parts 8
816 Fuel Qil 820
TOTAL 1114

Table 1V lists the weights of items that were
added by the LWNP, The weight of the reactor=turbine
includes the reactor, compressor, turbines, coolers, con-
trol gas storage and helium clean-up system, emergency
cooling system, containment vessel, shielding, control
equipment and repair parts. Increased weight for the
propulsion plant foundation was estimated on the basis
of providing equal buckling strength to the basic de-
sign,

TABLE 1V

WEIGHT ADDITIONS

Weight

ltem (Long Tons)
Reactor =~ Turbines 1096
Foundations 188

TOTAL 1284

Figure 8 shows the equipment which was removed
from the forward engine room. Similar removals occured
from the after engine room. Figure 9 shows the arrange-
ment of the LWNP's and their principal associated
equipment in the forward engine room. Only minor
structural changes were required. These included
strengthened propulsion machinery foundations, cut-outs
in the first platform grating and relocation of a secon-
dary stanchion, and a cut-out and doubling of the first
platform hull stringer plate over twenty frame spaces.
Similar minor structural changes were required in the
after engine room. Retained fuel was [ocated in for-
ward and after tanks to compensate in some measure
for concentrated weights of the reactor turbines.

Table V summarizes the effects on full load con-
ditions with all weight removals and additions accouni-
ed for. A 170 ton increase in displacement results in
0.35 feet deeper draft, A slight decrease in GM of
0.43 feet will not significantly reduce stability charac-
teristics, A decreased trim by the stern and slight star~
board list could be corrected in further design refine-~
ments.
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TABLE V

EFFECTS ON DISPLACEMENT AND STABILITY

Base Design ~ LWNP Design
Displacement:
Full Load 100 % 102.2%
Stability
GM (Feet) 4.66 4,23

The effects of the propulsion machinery change
on longitudinal strength were investigated using an
adjusted weight curve to account for weight removals
and additions, and a modified buoyancy curve to
account for the increased draft and change in trim,
The maximum hogging and sagging stresses of the
modified design are shown in Table VI.
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TABLE VI

EFFECTS ON HULL GIRDER STRENGTH

Base LWNP
Design Design

Hogging Stress:
Max. Tension (T/in?) 8.09 7.73
Max. Compression (T/in2) 7.15 8.68

Sagging Stress; 9
Max. Compression g/in ) 4.39 5.00
Max. Tension (T/in 4,85 5,50

Although the highest stress is slightly greater
than the highest stress in the base line design, it still
is well within the 13.5 tons per square inch limit
normally specified for combined stress in medium
steel ship structure.

Speed loss due to the increased displacement
would be about 0,17 knots.

Based on the above analysis it is concluded that
the LWNP of the conceptual design discussed would
offer a very feasible and attractive main propulsion
powerplant for high performance displacement ships
which currently are powered with multiple 25,000 to
30,000 horsepower fossil -fueled gas turbine units.

Application to a Cargo Liner

Although marine gas turbines have just begun
to be employed as main propulsion units for cargo
ships, a notable example of such a system, the EURO-
LINER Class container ships, appeared to be an ex-
cellent basic design on which to test the applicability
of the LWNP,

In past years, the space required for the mach-
inery plant of a cargo ship was a relatively unimpor-
tant consideration due to tonnage laws in effect at
that time. If the actual propelling machinery space
exceeded 13 percent of the gross tonnage of the ship,
then 32 percent of the gross tonnage could be deducted
in computing net tonnage, which is the basis for tax
assessments, harbor and canal dues, etc. As a result,
a special effort was made to ensure that the space
required for the propelling machinery was at least
13 percent of the gross tonnage of the ship. The ton-
nage laws have subsequently been modified. There-
fore, that artificial condition no longer exists. Con-
sequently in volume critical designs such as container
ships it is incumbant on naval architects to retain
every cubic foot of space possible for pay load,

Figures 10, 11 and 12 from Reference 7, and
Figure 13 show the relative space requirements of
nominal 30,000 HP single screw, steam turbine, PWR
nuclear, gas turbine and LWNP propulsion plants.
Table VII indicates their relative tonnage require~
ments to the upper deck, or the moximum height re-
quired if less.

TABLE VII

RELATIVE VOLUMES/TONNAGE
OF MACHINERY SPACE

Type Plant Tonnage* Relative Size
Steam Turbine 1864 1.00
PWR Nuclear 2113 1,51
Gas Turbine 1840 0.99
LWNP 1104 0.59

* Tonnage (100 ff3/ton) based on estimate of volume
to the upper deck, or maximum height required if
less.

If the LWNP system were applied to a EURO-
LINER Class container cargo liner an additional four
decks of 40 foot containers or approximately 48 addi-
tional units could be located in the present up-take
space as shown in Figure 14. Based on available infor-
mation from Reference 8 and 9, this would represent
9 percent increase in hold container stowage or 5.6
percent increase in total carriage. Expressed in a
different way the space gained would reduce engine
room volume from approximately 8 percent of gross
tonnage to approximately 5 percent.
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Figure 10, Steam Turbine Powerplant
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Figure 11. Nuclear Powerplant
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Figure 12, Gas Turbine Powerplant
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Initial and operating costs are of course an im-
portant consideration, However, cost estimates are
also the least certain characteristics to estimate be =~
cause they necessarily involve predictions of non-
scientific factors. In addition, until o powerplant has
been developed and exact design features determined,
cost estimates are just that - estimates, In spite of the
uncertainties, consideration of the displacement ship
propulsion application required an assessment of costs.
Therefore, an assessment of costs was accomplished
with assumptions intended to provide realistic rather
than optimistic comparisons.

These LWNP cost assessments have indicated
that the initial cost of a LWNP would be approximately
the same as that of a marine Pressurized Water Reactor
(PWR) powerplant, such as described in Reference 10,
of the same output power. This result is surprizing to
some since the LWNP utilizes more expensive mater-
ials, However, because of its design for compactness
and light weight, much less of such materials are used
which also fends to minimize fabrication costs. Also
similar to PWR costs are the estimated costs of the fuel
for the LWNP. This result occurs because the cost of
uranium is the predominant factor in the fuel costs.

The net result of the LWNP cost assessments is to
indicate similar economic comparisons versus fossil
fuel propulsion as have been shown many times in the
past for PWR nuclear propulsion systems. What is dif-
ferent is that the LWNP, if developed, would require
no more space than occupied by fossil fuel gas turbines,
Additional cargo volume would then be available
equivalent o the no longer needed air intake and
exhaust discharge spaces. Design for modular replace~
ment is also compatible with the desire to minimize
dry-dock time.

From the above analysis, it is concluded that
the LWNP offers a very attractive alterative fo
fossil ~fueled marine gas turbines for special purpose
high performance displacement ships where its char=-
acteristics are of significance.

1,

10,
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