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Coast Guard icebreaker East Wind (left) and Navy 
icebreaker Atka. (right) escort the USS Ameh through 
the Antarctic ice of McMurdo Sound to deliver the 
PM-3A atomic power plant m 1961. 



POWER REACTORS 
IN SMALL PACKAGES 

By William R. Corliss 

1 POUND OF URANIUM = 6000 BARRELS OF OIL 

Nuclear Power for the Ice Caps 

The frigid and desolate reaches of the Arctic and Ant
arctic are typical remote areas where small, packaged 
nuclear power plants are potentially superior to those burn
ing oil and coal. Scientific and military bases in these 
inhospitable regions are hundreds of miles from sources of 
conventional fuel. Ships and planes cannot carry in supplies 
during much of the year. Still the men and equipment at 
McMurdo Sound in Antarctica must have some source of 
energy to ward off the sixty-below temperatures of the polar 
night. Heat from the fissioned uranium nucleus has provided 
this energy in place of flown-in diesel fuel. 

When a self-sustaining nuclear fission reaction was first 
achieved in a converted squash court at the University of 
Chicago in 1942, would-be prophets predicted that coal and 
oil would soon be obsolete and that the wheels of the world 
would turn on nuclear power. More than 25 years have 
passed, and the road to nuclear power has been a rocky one. 
Not only have nuclear power plant costs been higher than 
anticipated, but coal and oil plants have been made more ef
ficient. The economic battle is still going on. Only now are 
large nuclear power stations becoming economically com
petitive . 

This booklet, however, is an account of the introduction 
of nuclear power to remote places on earth where the re-
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sources of civilization are almost as scarce as they are in 
a space vehicle in orbit. It is also the story of nuclear 
power plants designed for use when warfare or natural 
catastrophes, such as hurricanes and earthquakes, have 
wiped out the usual sources of energy, and in places beyond 
the reach of oil pipelines and coal trains. Finally, it tells 
how nuclear power may one day be used to manufacture 
chemical fuels for the world's vehicles when fossil fuels 
begin to run out. 

The U. S. Atomic Energy Commission and the Army 
jointly began studying nuclear power for such applications 
in 1952. It was quickly found that cost was only one of sev
eral important requirements. A power plant in a remote 
polar location, for example, also had to be reliable, porta
ble and safe. A power station for use in a storm-ravaged 
region had to be mobile and capable of quick installation. 
Small nuclear power plants have proved to be the best 
engineering solution for these requirements. 

In fact, the ideal power plants for these applications have 
many attributes of nuclear space power plants, although, as 
-we shall see, they are much too large to be launched. In
stead of the few kilowatts of power needed in space for in
struments, control, and communication, small terrestrial 
power plants must produce several megawatts.* They are 
still small, however, in contrast to large, stationary nu
clear power plants that generate hundreds of megawatts 
of electrical power. 

With these guidelines the joint AEC-Army Nuclear Power 
Program moved from studies into hardware development 
and then into power plant construction. Today there are 
four small nuclear power plants operating, three of which 
are indicated in Figure 1. The MH-IA, the fourth plant, is 
a barge-mounted nuclear power plant that became opera
tional in 1968. Its intended use is to provide electric 
power to areas whose normal power supplies are inade
quate and to demonstrate nuclear power to underdeveloped 
countries (see page 20). More information on these plants 
and other designs that were developed is given in the table 
on page 10. 

*One kilowatt = 1000 watts; 1 megawatt = 1,000,000 watts. 
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Figure 1 
Locations 
of three small 
nuclear poiver 
plants built under 
the AEC—Army Nu
clear Power Program. 

Most American reactors have code letters designating 
type. The small nuclear power plants described in this 
booklet are no exception. They have a special code: 

FIRST LETTER 

S = 
P = 
M = 

= stationary 
= portable 
-- mobile 

L = 
M = 
H = 

SECOND LETTER 

= low power (up to 1 megawatt) 
= medium power (1 to 10 megawatts) 
= high power (over 10 megawatts) 

Different power plants within each two-letter code group 
are given numbers, such as the PM-3A portable, inedium-
power plant. 

Comparative Fuel Costs 

No matter how carefully engineers design small nuclear 
power plants, it will cost more to make them and install 
them (say in Antarctica) than it would for a comparable 
diesel plant. This fact seems to contradict the notion that 
nuclear plants are cheaper than oil plants in remote loca
tions. But it is the passage of time that makes nuclear 
power cheaper. Time accentuates a fundamental fact about 
nuclear energy: Nuclear fuel provides millions of times 
more energy per pound than conventional chemical fuels 
like coal and oil. 
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Figure 2 PM-type reactor 
core during assembly. 

Figure 3 Core is im
mersed in water, which 
serves as cooling agent, 
moderator, and reflector. 
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The heart of most small, packaged nuclear power plants 
is a barrel-sized assembly of uranium-filled tubes or rods. 
When the uranium fissions, heat is produced. This heat is 
transferred to a fluid agent that drives the turbines and 
electrical generators. The all-important economic fact is 
that uranium fuel is extremely expensive per pound but 
amazingly cheap per unit of heat carried to the turbine, A 
pound of enriched uranium, consisting mostly of the fission
able isotope uranium-235, costs about $5,000 compared 
to 3 cents a pound for dieselfuelin the United States. That's 



166,667 times more expensive. However, 1 pound of com
pletely fissioned uranium generates 2,000,000 times as 
much energy as a pound of oil. The advantage of nuclear 
power becomes even greater when the cost of shipping die
sel fuel to remote areas such as Antarctica is considered,* 

The high "first costs" of the more complex nuclear 
machinery make the nuclear power plant initial cost higher. 
But nuclear plants have to be refueled only once every 
year or two, and even then the new fuel can be easily 
transported to the site in a small package. Used fuel ele
ments are removed and shipped back. There is no need for 
a steady stream of planes and ships carrying diesel fuel. 
There are no huge stockpiles to maintain. When shipping 
costs are added to the cost of the fuel for diesel plants, it 
is possible for the nuclear power plant to be competitive 
in very remote areas. The higher the shipping cost of 
diesel fuel, the more favorable nuclear power will be. 

These economic facts are important, but they tend to con
ceal another vital point: Sometimes nuclear power can do a 
job better than conventional fuels, no matter how cheap they 
are. Take, for example a military command post buried 
thousands of feet under solid rock to protect it from H-
bomb explosions. There is no air to spare for burning oil 
or coal in such a superhard site. The outside surface air 
would be too contaminated to use after a nuclear attack. 
Air stored inside must be reserved for human consump
tion. Unlike oil and coal plants, some nuclear systems 
need no air and can thus perform their job deep under
ground, under the ocean, or in the vacuum of outer space. 
This feature explains why nuclear submarines have such 
high performance potentials and why we are interested in 
developing nuclear rockets. 

*In supplying nuclear power at these remote areas, however, 
the small power usage requires that nuclear power plants operate 
in the low-power range where unfavorable economics have always 
resulted. For example, 1- to 2-megawatt nuclear power plants, 
which have been built for such remote sites, have had operating 
costs greater than 40 mills per kilowatt-hour. Operating costs 
have been as high as 184 mills per kw-hr. By comparison, large 
500-Mw commercial nuclear power plants are presently capable 
of obtaining operating costs as low as 5 to 6 mills per kw-hr and 
can compete with fossil-fired power plants. 
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Big Things in Small Packages 
A nuclear power station large enough to supply electrical 

power and heat to a polar base may occupy several build
ings, each the size of an ordinary house. In most parts of 
the United States, there would be no transportation prob
lem, since large pieces of equipment could be trucked or 
barged to the site, much as the immense Saturn rocket sec
tions are sent from Mississippi to Cape Kennedy via barges 
on the Inland Waterway. However, there is no barge serv
ice to McMurdo Sound. Equipment must go by ocean vessel, 
cargo plane, or tractor snow train. The power plant 
packages must be small enough for these carriers. They 
must also be "connectable" with a minimum of tools at 
the remote bases. Elaborate welding and joining techniques 
are prohibitive. 

The portable medium-power plant (PM-1), which was 
used for powering a radar station on a lonely Wyoming 
mountaintop, was transported in 27 packages, each weigh
ing about 30,000 pounds. Each package had to be squeezed 
into a cargo transport plane. Package dimensions were 
limited to 8 feet 8 inches by 8 feet 8 inches by 30 feet. 

How is a nuclear power plant made small enough to fit 
into airplanes, truck trailers, or cargo holds? Contrast the 
radio sets of the 1940s and their large heavy cabinets with 
the pocket transistor radios of today. This miniaturization 
came about through technical advances such as the inven
tion of the transistor. Some shrinkage of nuclear power 
plants comes from engineering advances, but a nuclear 
reactor can be made only so small before the laws of phys
ics are violated. The major size reduction is obtained by 
cramming boilers, pipes, and valves into small packages. 
Conventional nuclear power plants are not particularly 
cramped for room. Therefore the design tends to expand to 
fill whole buildings. In contrast, the portable and mobile 
power plant designer packs machinery together with the 
spirit of a sardine canner. 

To carry the radio analogy further, if you remove the 
cover from a transistor radio, you will find that its small 
size is not entirely the result of the replacement of radio 
tubes by transistors. Electronic circuits are now printed in 
silver ink to replace wires. Parts are squeezed together 
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until a small watch movement seems crude in contrast. The 
same spirit prevails in building small nuclear power plants. 
"Thinking small" works, as the first generation of polar 
power plants testifies. 

Figure 4 After testing at 
the factory near Balti
more, the PM-1 is flown 
to Ellsworth Air Force 
Base in South Dakota. 

Figures Brought by truck 
from the base, components 
are unpacked and readied for 
installation at the radar site. 
One of the power plant con
tainers is jockeyed into final 
position by a crane. Contain
ers were later buried. 

7 



PROGRESS REPORT 

Portable power plant evolution, which includes early pro
totypes, operating plants, and plants in the design or con
ceptual stage, is shown in the table on pages 10 and 11. Les
sons learned during the development and experimental 
operation of the two prototypes already constructed guided 
the production of the first operational units. These units, in 
turn, were improved upon in the new designs. 

Some technical data about each plant have been included 
in the summary table. The technical background section of 
this booklet defines and discusses the significance of charac
teristics listed in the table. 

The core life mentioned in the table is a measure of the 
expected operating lifetime of the shortest-lived plant com
ponent, the fuel core. The fuel, of course, is easily re
placed when no longer usable. 

The primary pressure is of particular importance be
cause it determines the weight of the piping and pressure 
vessels. The pressure should be as high as possible from 
the point of view of efficient performance, but as low as 
possible in consideration of system weight. Obviously the 
engineer must make a compromise. 

The core-outlet temperature is the highest system tem
perature except that within the fuel element itself. The at
tainability of high core-outlet temperature depends upon 
time and money invested in research and development. 
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TECHNICAL BACKGROUND 

How Nuclear Power Plants Work 

The heart of any power plant is the energy source. In the 
conventional coal- and oil-fired plants that provide elec
tricity to many of our cities, a furnace boils water to make 
steam. In a nuclear power plant, the furnace is replaced by 
a group of uranium-filled rods, such as those shown in the 
PM-1 reactor core below. The heat produced by the 
fissioning of a few pounds of uranium takes the place of 
that produced by burning vast piles of coal. 

All power plants other than hydroelectric stations require 
an energy converter to change heat into electricity. Usually 
a turbine transforms the energy of hot steam into the ro
tary motion of a shaft. An electrical generator attached to 
the shaft supplies electricity to homes and industry. Another 
component needed in the power plant is a heat exchanger. 
The Second Law of Thermodynamics tells us that it is im
possible to convert all the heat into useful work in any heat 
engine. Therefore arrangements must be made to get rid 
of the unusable remainder, which is called waste heat. The 
heat exchanger transfers waste heat to a colder fluid, usu
ally a river or lake, but sometimes to the air itself. 

Figure 6 In the PM-1 nuclear 
reactor, heat was produced by 
the large cluster of fuel ele
ments at the bottom. Control 
rods protruded above the core 
and regulated the poiver level. 



PORTABLE AND MOBILE NUCLEAF 

Deslgndtion" Locat ion ' Application Operator Des igner ' 
Date 

cr i t ical^ 

Date 
operational 

Elec t r ica l 
output 

(megawatts) 

PROTOTYPES 

M ^̂ "*' 
M ^''i-i 

M ^^-^' 

NRTS. Idaho 

Ft. Belvolr , 
Va. 

NRTS 

Tes t ing , 
training 

Tes t ing , 
t ra ining 

Por table 
mobile 
power 

Army 

Army 

Army 

ANL 

A.L.Co. 

Aerojet-
General 

8-58 

4-57 

3-61 

10-58 

4-57 

9-62 

0.2 

1.85 

0.50 

OPLRATIONAL PLANTS i 

SM-IA 

P M - l ' ' 

PM-2A' 

PM-3A 

MH-IA 

Ft. Gree ly , 
Alaska 

Sundance, 
Wyo. 

Camp Century, 
Greenland 

McMurdo 
Sound, 
Antarct ica 

Barge 
mounted 
(Slurgts) 

Base power 
and heat 

Base power 
and heat 

Base power 
and heat 

Base power 
and heat 

Por tab le 
mobile 
power 

Army 

Air Force 

Army 

Navy 

Army 

A.L.Co. 

Mar tm Co. 

A.L.Co. 

Martin Co. 

Martin Co. 

3-62 

2-62 

10-60 

3-62 

1-67 

6-62 

6-62 

2-61 

6-62 

1-68 

1.64 

1.0 

1.5 

1 5 

10.0 

"Abbreviations (designations) 

First Letter Second Letter 

S = sutionary L = low power (up to 1 megawatt) 
P = portable M = medium power (1 to 10 megawatts) 
M = mobile H = high power (over 10 megawatts) 

Location: 
NRTS = National Reactor Testing Station, Idaho 

Designer: 
ANL = Argoime National Laboratory 
A.L.Co. = American Locomotive Co. 
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POWER PLANT PROGRAM 

Core life 
(megawatt-

year)'^ 
Reac tor 

type* 
P r i m a r y 

coolant 

P r i m a r y 
p r e s s u r e 

(psla)'^ 

Core 
outlet 

t emp. CF) 
Power 
cycle 

Total 
weight 
(tons) 

Number of 
packages 

6.3 

32.0 

3.76 

1 

BWR 

PWH 

OCR 

Water 

Water 

Nitrogen 

300 

1200 

315 

422 

450 

1200 

Rankine 

Ranklne 

Brayton 

-

— 

38", 

-

— 

6 

32.0 

24.0 

10 

24 0 

67.5 

PWR 

PWH 

PWB 

PWR 

PWR 

Water 

Water 

Water 

Water 

Water 

1200 

1300 

1750 

1300 

1400 

443 

479 

518 

479 

510 

Rankine 

Ranklne 

Rankine 

Ranklne 

Ranklne 

— 

405 

310 

450 

— 

— 

27 

27 

33 

— 

Reactor type: 
BWR = Boiling water 
PWR = P r e s s u r i z e d w a t e r 
GCR = Gas cooled 

Point of at tainment of self-suatalnlng nuclear 
react ion 

*^Thermal megawat t -years , not e lectr ical 
'^Pounds per square inch, absolute 
'Reac to r dismantled in 1962 
'Reac tor dismantled in 1963, The p r e s s u r e 

vesse l was used for radiat ion-induced e m -
bri t t lement t e s t s 

'Reactor dismantled in 1965, 
' 'Reactor shutdown and dismantl ing initiated 

in 1968. 
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Figure 7 shows how a nuclear power plant works if water 
is boiled directly in the reactor core. This simple a r range
ment is called a single-loop system. Most nuclear power 

REACTOR 

Water 

LOAD 

TURBOGENERATOR 
ENERGY CONVERTER 

PUMP 

Water 

Steam 

HEAT EXCHANGER 

Figure 7 Power plant shoumg the energy source (reactor), the 
energy converter (turbogenerator), and the heat exchanger (con
denser). A boiUng-uater reactor power plant would use a cycle 
like this. 

plants described in this booklet, however, use the p r e s -
sur ized-water reactor shown in Figure 8. Water is not 
boiled m a pressur ized-water reactor core. Instead it is 
heated to high temperature under high p ressure (usually 
over 1000 pounds per square inch, too high for boiling) and 
then pumped to a steam generator. Here heat is t r ans 
ferred to a second s t ream of water operating at a low 
enough p ressu re to permit boiling. The steam from the 
second loop drives the turbine. This power plant is a two-
loop system. 

A liquid metal like sodium or a gas like nitrogen may 
also be used to remove heat from the hot fuel elements. 
Such fluids a r e generally reserved for power plants r e 
quiring very high temperatures , such as the gas-cooled 

ML-1. 
The Atomic Energy Commission has experimented with 

water, gas, and liquid metals as coolants for small pack-
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aged reactors. The four plants operating today all use pres-
surized-water reactors as do many of the large, commer
cial nuclear power plants and all U. S, nuclear submarines. 

REACTOR 
PRIMARY 
COOLANT 

Water Under 
High Pressure 

LOAD 

TURBOGENERATOR 
ENERGY CONVERTER 

PUMP 

Water Under 
High Pressure 

Water 

SECONDARY 

COOLANT 

PUMP 

Water 

Steam 

HEAT EXCHANGER 

Figure 8 Two-loop pressurized-water nuclear power plant. 

Putting Nuclear Power on Wheels 

While it is difficult to cram nuclear equipment into pack
ages small enough for transportation, making the power 
plant mobile is like going from the wheelbarrow to the au
tomobile. In the first part of this booklet, it was suggested 
that packaging for portability was akin to packing sar
dines. Clever packing, however, is not enough for mobility. 
Even well-packaged plants weigh about a million pounds. 
Mobile plants intended for land use should weigh less than 
100,000 pounds, perhaps as much as 10 times lighter. 
Something drastic must be done to shrink the power plant 
this much. 
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NUCLEAR POWER COMES TO ANTARCTICA 

(A) Icebreakers escort the 
bhip carrying PM-3A com
ponents through the Ant
arctic waters. 

(B) Crate containing pre-
assembled plant section is 
unloaded at McMurdo 
Sound. 

(C) React&r tank is heeuled 
across the ice. 
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(D) Core is lowered into 
the reactor. Nuclear engi
neers are dressed m ster
ile clothing designed to re
duce the chances of getting 
dirt into the reactor. 

I^M mm 

(E) Control room during 
preoperational testing. 

(F) The completed in
stallation. In the inset 
are some local inhabi
tants. 
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The major targets of the shrinking campaign are the 
reactor, the turbogenerator, and the heat exchanger. The 
pressurized-water reactors are already quite small, as 
(D) in the figure on page 15 shows. Additional size reduc
tion can be realized by replacing the water cooling agent 
with a liquid metal, such as potassium, sodium, or lithium. 
The liquid metal's superior ability to carry away heat 
permits a smaller core. The reactor may be compressed 
even more by removing the moderator and making a fast 
reactor where fissions are caused by the fast, unmoderated 
neutrons created in the fission process. Instead of the 
barrel-sized PM-3A core, the fast, liquid-metal-cooled 
core may be the size of a bushel basket—not a large 
shrinkage, but worth the effort because shield weights are 
rapidly reduced as cores get smaller. 

Higher Temperatures Mean Lower Weights 

Coolants like gas and liquid metals hold the real key to 
squeezing weight out of power plants. The secret is higher 
temperature. Two very important things happen when power 
plant temperatures are raised. First, the power plant be
comes more efficient. That is, it turns a larger fraction of 
available heat into electricity. This means that the heat ex
changer can be made smaller because it handles less waste 
heat. Further reduction in the heat exchanger size is pos
sible because less area is needed to transfer heat at higher 
temperatures. 

Many of these engineering "tradeoffs" are better under
stood mathematically, A simple equation describing the in
crease in efficiency was discovered in 1824 by Sadi Carnot, 
a young French engineer. Carnot found that the efficiency 
of a heat engine was determined very simply by the hottest 
and coldest temperatures in the engine. In equation form: 

- Th - Te _ heat out 
Th heat in 

where e = the Carnot efficiency 
Th = the temperature of the gas or vapor entering the 

turbine (degrees Rankine or degrees Kelvin) 
T^ = the temperature of the gas or condensed liquid in 

the heat exchanger (°R or °K) 
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A few simple calculations using Carnot's equation will show 
that raising Th from 443°F in the SM-IA to 1000°F in a 
liquid-metal-cooled reactor has a profound effect on the 
efficiency.* 

An increase in T̂  usually means a rise in T ,̂ although 
the increase is usually smaller. A larger T̂  is welcome 
because the heat exchanger can more easily transfer the 
waste heat to the environment. The area of the heat ex
changer is given by 

Q 
A = 

h AT 

where A = the heat exchanger area (square feet or square 
meters) 

Q = the amount of heat power transferred (Btu or 
watts) 

h = a constant 
AT = the temperature difference between the fluid car

rying the waste heat and the environment absorb
ing the waste heat (river, lake, or atmospheric 
air) 

In summary, increasing Tj, increases the efficiency e, mak
ing Q smaller for the same work output. Increasing T^ also 
raises Tc, which increases AT. Area A is thus reduced in 
either case permitting a smaller heat exchanger to be used. 
Efficiency can also be traded for small size by deliberately 
raising Tc. 

Why is it advisable to use a gas or a liquid-metal coolant 
to achieve a temperature increase? Water is an excellent 
reactor coolant from many standpoints, but at higher tem
peratures its vapor pressure increases and heavy pipes 
and vessels are needed to contain it. But practical weight 
reductions can be obtained with water coolant in a certain 

•For example, 

9 0 3 - 6 1 0 , 2 9 3 
® 903 903 ^-^^^ •^^•^" 

try it with T^ = 1000°F and Tc = 150°F. Don't forget to convert °F 
to °R by adding 460°. Answer: e = 58.2%,. 
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temperature and pressure range* where its efficient heat-
transfer properties permit reduction of the overall size of 
the reactor, including coolant pipes and pressure vessels, 

REACTOR 

ENERGY 
CONVERTER 

l l tAFTER) (BEFORE) 

f COOUNT 

HEAT EXCHANGER 

Figure 9 Size reductions obtained Jor small nuclear power plants 
by going to higher temperatures. 

Making Use of the Atmosphere 

Next to water, the most obvious prevalent fluid on this 
planet is the atmosphere. Since air is a gas, it can be 
heated to high temperatures without incurring the high 
pressures accompanying use of water. Air is cheap and is 
readily available. 

The simplest way to use air is in a direct-cycle power 
plant, where air is sucked into the system by a compressor 
(fan) and then heated in the reactor (Figure 10). The heated 
gas drives the turbogenerator and is then exhausted to the 
atmosphere. No heat exchanger is needed since waste heat 
is carried out with the air. Jet engines work this way; so 
do the new gas turbines used in cars. The gas power cycle 

•Specifically the " superc r i t i ca l " state of water above 705°F at 
3200 pounds per square inch. 
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where no change to liquid state occurs is called the Brayton 
cycle as distinguished from the Rankine cycle in which the 
gas is condensed to liquid. 

Unfortunately air contains oxygen. While it can be used 
in short-lived jet engines, the oxygen in air would soon eat 
away (oxidize) the components of a nuclear reactor, which 
must be designed to operate for years. Materials are being 
developed permitting the use of the direct air cycle, but 
until then some less corrosive fluid must be used in the 
reactor. 

Nitrogen, carbon dioxide, helium, and neon all make 
good, relatively inert, gaseous coolants. Nitrogen has been 
selected for special study. To this end, an experimental nu
clear power plant called the Gas-Cooled Reactor Experi-

REACTOR 

LOAD 

TURBOGENERATOR 

AIR IN AIR OUT 

Figure 10 Direct air cycle nuclear power plant. 

ment was built and operated at the National Reactor Test
ing Station near Idaho Falls, Idaho. Lessons learned were 
applied in designing the ML-1, a trailer-mounted nuclear 
power plant for field use first operated to generate elec
tricity in September 1962. 
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Figure 11 On the right is the ML-1 mobile nuclear pouer plant in 
its lest configmation. The ML-1 tias designed to travel cross
country on a standard military trailer. 

Instant Power Plants 
The portable pressurized-water nuclear power plants now 

in operation can hardly be called "instant" in the popular 
sense of the word. It takes 60 to 90 days to assemble a 
packaged unit like the PM-3A in Antarctica once the pieces 
have been carried to the site. More time is spent excavating 
the site. Sometimes large quantities of power are needed 
more quickly than can be provided with portable plants. 
Disaster areas where floods, hurricanes, and earthquakes 
have knocked out normal power supplies are obvious ex
amples. 

One approach to fulfilling this need is the Sturgts,* 
the MH-IA nuclear power plant. This pressurized-water 
reactor is mounted m a converted Liberty ship. It is 
described as barge-mounted since the propulsion system 
has been removed and it must be towed from place to place. 
The plant can operate at full power producing 10,000 
kilowatts of electrical power for 1 year without refueling. 
A diesel power plant capable of producing this much 
electricity would require 160,000 barrels of fuel per year. 

The Sturgis can be used in disaster areas where the 
normal power supply has been cut off. The plant can be 
anchored offshore and supply power through submarine 

*It IS Cdlled the Sturgis inhonor of the late Lt. General Samuel D 
Sturgis, J r , former Chief of Engineers, who was an early advocate 
of nuclear power plant development for military use. 
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CONTROL ROOM 

TURBOGENERATOR 

SPENT FUEL 

STORAGE TANK 

Figure 12 The S t u r g i s 
(MH-1 A), a floating nuclear 
power plant, achieved crit-
icality on January 25,1967 
In the diagram the pouter 
lines run off the bow into 
the region needing power 
The c ent er photograph 
shows the Sturgis moored 
at Fort Belvotr, Virginia. 
On the right one of the 32 

fuel elements that compose 
the core of the Sturgis is 
lowered into place during 
fueling operations 
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cables or overhead wire. Twelve hundred feet of sub
marine cable and 300 feet of overhead transmission wire 
and a shore tower are aboard for this purpose. 

It could also supply power to accessible underdeveloped 
countries as an interim measure. This would help such 
countries stabilize and develop their economy. 

A design for a 500,000-gallon per-day water-desalting 
plant to be installed aboard the Sturgis has been developed 
by the Corps of Engineers. Full capacity operation of this 
plant would reduce the electrical output of the Sturgis to 
7500 kw. This water-desalting capability would be useful 
in disaster areas and underdeveloped countries where 
potable water supplies are usually low. 

The Ultimate Concept: An Energy Depot 

In all the nuclear power applications discussed so far, 
nuclear energy was seen to be superior to chemical energy 
(oil and coal) because of the much higher energy release of 
uranium. Remember the opening line of the booklet? 1 
pound of uranium = 6000 barrels of oil. In terms of money, 
nuclear power is at its best when a great deal of chemical 
fuel would otherwise have to be shipped over long lines of 
supply. 

One serious drawback to nuclear power has emerged. In 
the foreseeable future nuclear reactors cannot be made 
small enough to drive trucks, cars, and other small vehicles 
directly. While the portable and mobile devices may be fine 
for supplying local power, they would not be effective for 
powering far-ranging vehicles. Will it always be necessary 
to ship vast quantities of fuel about the world? 

A potential solution to this decades-old problem centers 
around the energy depot concept of chemical fuel regenera
tion using materials like air and water that are universally 
available. Some chemical fuels, which readily burn in in
ternal combustion engines and turbines, could be reconsti
tuted by high temperatures or electrolysis. That is, the 
fuel could be burned; the combustion products could next 
be decomposed by heat or electricity and stored; then the 
reconstituted fuel could be burned in an engine again. One 
possible reversible reaction is 
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2H2 + Oj — 2H2O 

The reaction goes to the right (combustion) inside the en
gine, turbine, or even the highly efficient fuel cell. It goes 
to the left (dissociation) inside a hot reactor or an elec
trolysis cell powered by a reactor. An alternative concept 
is to take the hydrogen from water and combine it with 
nitrogen from air to produce ammonia, which is a more 
easily stored fuel than hydrogen. Ammonia can also be 
"burned" in internal combustion engines and turbines. 

In the energy depot concept sketched in Figure 13, a 
mobile reactor power plant can be brought into a power-
short area along with a fuel manufacture plant. It becomes 
a combined refinery and gas station. Vehicles in the neigh
borhood can drive in and tank up with manufactured fuels. 

Look ahead one step further. Some day we may run out 
of cheap chemical fuels like gasoline. This modern world, 
which depends so much upon vehicles, cannot stop turning 
because there is an inadequate supply of these fossil fuels. 
A common fuel easily manufactured by nuclear power will 
have considerable impact upon our society within the next 
century. 

Figure 13 The energy depot concept. Vehicles could fill up with 
fuel at the manufacturing plant m the foreground. Ammonia fuel 
would be produced from water and air using energy from nuclear 
power plant m background 
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THE COVER 

One of the 16 modules of the PM-1 
nuclear power plant is loaded aboard an 
Air Force cargo plane for the flight 
from the Martin Company's Baltimore 
plant to Ellsworth Air Force Base in 
South Dakota. From here it was taken 
by truck to a radar station in Sundance, 
Wyoming. 
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