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Nuclear energy is playing a vital role in 
the life of every man, woman, and child in the 
United States today. In the years ahead it will 
affect increasingly all the peoples of the earth. 
It is essential that all Americans gain an 
understanding of this vital force if they are to 
discharge thoughtfully their responsibilities as 
citizens and if they are to realize fully the 
myriad benefits that nuclear energy offers 
them. 

The United States Atomic Energy Com­
mission provides this booklet to help you 
achieve such understanding. 

f 

THE COVER 

The San Onofre Nuclear Generating Sta­
tion near San Clemente, California, one 
of the new generation of nuclear power 
plants, with an electrical capacity of 
430,000 kilowatts. It began commercial 
operation in 1967. (See page 40.) 
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The vessel and head of Unit #2 or the D} ( sdtn Sucltat Pom r Station is shoun on its 74U-niile ba)ge t>ippoi>i Mount 
Vernon, Indiana iiheie it uas /ab> icated to Morris, Illinois It neighs 800 tons and is approximately 72 teet long and 
22 feet in diameter (See Figiii e IS on page 28.) 
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AR POWER PLANTS 

By RAY L. LYERLY and 
WALTER MITCHELL, III 

WHY USE NUCLEAR POWER? 

Millions of Americans use electricity derived from 
atomic energy. Millions more of us will light our homes 
and power our appliances with electricity from nuclear 
plants that are now being built. And m the future we, and 
the other peoples of the world, undoubtedly will find that 
nuclear energy is the source of a large portion of our 
electr ic power. 

What IS behind this pattern of change? Why have we 
entered an e ra m which nuclear power plants—unknown a 
relatively few years ago — are a commercial reality, p ro ­
viding guaranteed performance at attractive cost? To 
answer these questions we must look to the future as well 
as the present. 

In our growing world, our energy needs are growing 
even faster than our population Projected energy requi re ­
ments for the future suggest strongly that we must employ 
atomic energy to generate electric power or face depletion 
of our fossil-fuel r e sou rces—coa l , oil, and gas . In short, 
both conservation and economic considerations will r e ­
quire us to use nuclear energy to generate the electricity 
that supports our civilization. 
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Until we reach the time when nuclear power plants a re 
as common as fossil-fueled or hydroelectric plants, many 
people will wonder how the nuclear plants work, how much 
they cost, where they are located, and what kinds of r e ­
actors they use. The purpose of this booklet is to answer 
these questions. In doing so, it will consider only central 
station plants, which are those that provide electric power 
for established utility sys tems . 
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Until we reach the time when nuclear power plants are 
as common as fossil-fueled or hydroelectric plants, many 
people will wonder how the nuclear plants work, how much 
they cost, where they are located, and what kinds of re­
actors they use. The purpose of this booklet is to answer 
these questions. In doing so, it will consider only central 
station plants, which are those that provide electric power 
for established utility systems. 

FROM ATOMS TO ELECTRICITY 

A nuclear power plant is similar to a conventional 
thermal power plant: Each type uses steam to drive a 
turbine generator that produces electricity. The heat energy 
of the steam is converted to mechanical energy in the 
turbine, and the generator then converts the mechanical 
energy into electrical energy, or electricity. Although the 
turbine functions equally well no matter where the steam 
comes from, the origin of tlie steam is important to us, 
for it IS here that nuclear and conventional plants differ. 

How is steam produced ? Well, conventional plants burn 
coal, oil, or gas, and heat from the combustion of these 
fossil fuels boils water to make steam. In nuclear plants, 
on the other hand, no burning or combustion takes place. 
Nuclear fission is used instead. The fission reaction gen­
erates heat, and this heat is transferred, sometimes 
indirectly, to the water that produces the steam. Conse­
quently, it can be said that the fission reaction in a nuclear 
plant serves the same purpose—the generation of heat — 
as the burning of a fossil fuel in a conventional plant. We 
will take a look at nuclear reactor systems a little later, 
but first we should review the fission reaction. 

The fission process requires a particular kind of heavy 
element, such as uranium or plutonium, as a basic ma­
terial. Let us consider uranium. Natural uranium is a 
mixture of three isotopes, atomic forms that are chemi­
cally alike but vary in mass. An atom of one of these 
isotopes, uranium-235, can readily undergo fission when a 
free neutron (an energetic subatomic particle) strikes its 
heavy central nucleus. The nucleus breaks into two pieces 
that fly apart at high speed; in addition, two or three new 
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neutrons are released, as illustrated in Figure 1. The 
kinetic energy of the flying fission fragments is converted 
to heat when they collide with surrounding atoms, and the 
released neutrons cause a chain reaction by initiating new 
fissions in other ^̂ Û atoms. 

^ • l Fission 
_ fragment 

/ 
Nucleus / j^O 

Neutron 

\ 
# 

__ neutrons 

\ Figure 1 A typical 
V fission reaction. 

^ R Fission 
^ " ^ fragment 

Sustaining the chain reaction is important because more 
than 30 billion fissions must occur in one second to r e ­
lease each watt of energy. If the chain reaction is to be 
useful, the fissions must occur at a desired rate, and the 
heat that is generated by the process must be removed. 
The job of the nuclear reactor, then, is to provide an 
environment in which fission reactions can be initiated, 
sustained, and controlled, and to make possible recovery 
of the resultant heat.* 

The essential components of a reactor are: 
—the fuel, which fissions to produce neutrons and to 

release energy; 
—the control elements, which are used to set the energy 

release rate; and 
—the cooling fluid, which removes the heat generated 

in the reactor. 

Some of the relationships between reactors and the 
actual production of steam are illustrated in the next 
section, which describes some common nuclear steam-
supply systems. 

•Fo r more about fission and the operation of reac tors , see Our 
Atomic Woylda.nd Nuclear Reactors, other booklets in this s e r i e s . 
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REACTOR TYPES 

If you went into an appliance store and told a salesman, 
"I'm interested in buying a coffeepot", he would probably 
ask, "What kind?" Depending on your reply, you might be 
shown a percolator, a drip pot, or some other sort of 
coffee maker: Each type brews coffee, but each does it in 
a different way. Reactors, of course, aren't coffeepots, 
but reactors do have a common product—heat—and they 
do come in several types. 

Before we consider the differences in reactors, let's 
take a moment to consider something that has a bearing 
on the development of nuclear power plants in our country. 
This is the fact that our nuclear fuel resources are not 
unlimited. It is obvious tliat nuclear power plants would 
not have much of a future if they used up the available fuel 
in a relatively short time. 

What is not so obvious is that among the different types 
of nuclear reactors there are wide differences in their 
net consumption of nuclear fuel. On one end of the scale, 
there are reactors that have a high net fuel consumption; 
these are used in most of the commercial nuclear power 
plants operating in the United States today. Next, come 
reactors with a low, but positive, net fuel consumption. The 
ultimate reactors, insofar as fuel conservation is con­
cerned, are those that have a negative net fuel consumption, 
which means that they produce more fuel than they use.* 
These are known as breeder reactors and will be popular 
for central station nuclear power plants that begin opera­
tion in, say, 10 or 20 years. The breeding principle has 

•Actually, they produce new fissionable material that can be 
processed for use as fuel. 

5 
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proved workable, and economically attractive reac to r s 
must now be developed so that breeder plants can be 
built.* 

In the descriptions that follow, we will note the relative 
fuel consumption of each type. What we will see for each 
is actually the nuclear steam-supply system — that is , the 
components used to produce s team for the power-generating 
portion of the plant, shown in Figure 2. In this portion, 
s team passes through the turbine and impar ts energy in 
the form of ro tary motion to the turbine shaft. The shaft 
turns the generator rotor and produces electr ic power. 

Steam 

Water 

Figure 2 The power-generating portion of a nuclear power plant. 

When the " spen t " s team leaves the turbine, it enters the 
condenser, passes over cooling tubes, and is turned back 
into water. This water is pumped back to the nuclear 
steam-supply system, where the cycle s t a r t s all over again 
with conversion of the water to h igh-pressure , high-
temperature steam. Figure 2 shows the most common 
method of cooling: Pumping cool water through the con­
denser tubes and back to the source (river, lake, or some 
other large body of water). 

*For a more detailed discussion of fuel and its use in reactors, 
see Atomic Fuel, a companion booklet in this series. 
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The basic components of the power-generating portion 
of a nuclear power plant a re the same regard less of the 
kind of reactor supplying the heat. 

Boiling-Water Reactors 

The name of this one tells the story. As shown in 
Figure 3, water enters the reactor and is heated as it 
passes up between the elements of nuclear fuel. Soon 
steam collects in the upper portion of the reac tor and 
leaves through an outlet pipe. The pipes identified as 
" s t e a m " and "wa te r " would be connected to those similarly 
labeled in Figure 2 to form a complete power plant. 

Figure 3 Nuclear 
components in a 
reactor. 

steam-supply 
boiling-ivater 

Steam 

Fuel 

• Water 

The water and steam in a typical boiling-water reactor 
a r e kept at a p res su re of 1000 pounds per square inch 
(psi); this is equivalent to tlie p re s su re at a depth of about 
one-half mile beneath the surface of tlie sea . The p r e s ­
su re r a i s e s the boiling point of the reactor water to a 
high value, so that when s team is produced, its t empera­
ture and p r e s su re are great enough for efficient use in the 
turbine. 

As you know, the s team from a pot of boiling water on a 
kitchen stove has a temperature of 212 °F. Steam at that 
temperature has too low an energy value for use in a 
turbine. In order to increase the energy, the s team tem­
pera ture must be raised. In a reactor , this is done by 
operating it at high p r e s s u r e . The principle is s imilar to 
that of a p re s su re cooker, which cooks food faster because 
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it gets hotter. At the typical boiling-water reac tor p ressure 
of 1000 psi, the temperature of the steam is about 545° F. 

A nuclear steam-supply system based on a boiling-water 
reactor may appear relatively simple compared with some 
of the systems discussed and i l lustrated on the following 
pages . While the boiling-water system has only a few 
principal components, these are much larger than those in 
a pressur ized-water system, for example. A central s t a ­
tion nuclear power plant with an electr ical output of around 
800,000 kilowatts requires a boilmg-water reactor vessel 
(the container that holds the nuclear fuel) about 70 feet 
high by 20 feet in diameter. A pressur ized-water r e ­
actor vessel for a plant of the same capacity is only about 
40 feet high by 16 feet in diameter . However, there are 
some additional large components in the pressur ized-water 
system, so things come out about even on an overall 
component weight basis . 

Boilmg-water r eac to r s have been built and improved 
over the years , and today they are sold on a commercial 
basis in the United States. Their net nuclear fuel con­
sumption IS high, like that of pressur ized-water reac tors , 
which we will discuss now. 

Pressurized-Water Reactors 

A pressur ized-water reactor operates at conditions 
under which the water passing through the reactor does 
not boil. P r e s su re in the reac tor and the piping loop con­
nected to it (see Figure 4) is about 2250 psi, or more than 
twice that in a boilmg-water reactor . This very high p r e s ­
sure permi ts the water to be heated to 600° F without 
boiling. The heated water goes to a steam generator that, 
as the name implies, makes the steam that dr ives the 
turbine. 

In the s team generator, tlie hot reactor water passes 
through tubes that a re surrounded by water from the 
turbine portion of the plant; this water is at a p r e s su re 
well below that of the reac tor water system. The tubes 
containing hot reactor water heat the surrounding water 
and make steam, which goes to the turbine at a tempera­
ture of about 500°F. The reac tor water leaving the s team 
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generator has been cooled by giving up some of its heat, 
so it is pumped through the reactor to be heated again and 
s tar t another cycle. 

Steam 

Figure ^ Nuclear steam-supply 
components in a pressurized-
ivater reactor. 

Steam generator 

Reactor 
Water 

As you can see , a nuclear s team supply that uses a 
pressur ized-water reactor consists of two separate water 
systems that meet in the s team generator. The water in 
one system does not mix with that in the otlier, but heat is 
t ransferred from the reactor system to the steam system. 

More information on pressur ized-water reac tors is given 
in the next section. 

Gas-Cooled Reactors 

The schematic diagram for a gas-cooled reactor in 
Figure 5 bears a strong resemblance to the diagram for a 
pressur ized-water reactor . The principle of operation is 
the same for both types: A working fluid t ransports heat 
from the reactor to the s team generator, where the heat 
makes steam for the turbine. 

In a gas-cooled reactor , tlie working fluid is a gas, 
usually helium or carbon dioxide. The gas, at a p ressure 
of a few hundred psi , is circulated through the reactor , 
the piping, and the steam generator by a blower (fan). 
The blower is an impressive piece of machinery, by the 
way. The energy required to drive the blowers (there 
would be several) for the reac tor of an 800,000-kilowatt 
power plant would operate 400,000 20-inch window fans 
like those used in homes. 
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In a gas-cooled reactor , tlie working fluid is a gas, 
usually helium or carbon dioxide. The gas, at a p re s su re 
of a few hundred psi , is circulated through the reactor , 
the piping, and the steam generator by a blower (fan). 
The blower is an impressive piece of machinery, by the 
way. The energy required to drive the blowers (there 
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The material identified in Figure 5 as "moderator" has 
not been discussed before. The moderator is a substance 
put in a reactor to slow the neutrons and increase their 
effectiveness in causing fissions. In water-cooled reactors 
it is not necessary to add solid moderator components. 

•Steam 

Steam 
generator 

Figure 5 A'MC / e a r steam-
supply components in a 
gas-cooled reactor. 

• Water 

because the cooling water serves this purpose. Gas isn't 
a very good moderator, however, so in gas-cooled reactors 
a special material, usually graphite, is built in. 

Graphite is a natural choice because it can withstand the 
very high temperatures that exist in gas-cooled reactors 
(in some, the gas is heated to nearly 1400°F). The high 
operating temperatures are put to good use. Steam as hot 
as about 1000°F is produced; at this temperature and at 
the high pressure that goes with it, the steam can drive a 
very efficient turbine. 

In addition to its high-temperature performance, a gas-
cooled reactor has the desirable characteristic of low net 
fuel consumption; very advanced models, in fact, may be 
able to produce more fuel than they consume. But, alas, 
all is not good. There are disadvantages, too. Principal 
among these is the relatively large-size reactor needed 
for a given rate of heat generation. Gas, unfortunately, 
just doesn't remove heat very well. Consequently, the rate 
of heat generation per unit volume of reactor must be 
fairly low to match the relatively poor heat-removal 
capability of the gas. 

10 

Heavy-Water Reactors 

In most respects, heavy water (DjO) is like ordinary 
water (H2O). (In the formula D2O, the D stands for deu­
terium, a heavy isotope of hydrogen.) It's really not very 
heavy (heavy water doesn't feel any heavier, if you hold a 
bottle of it, than ordinary water), but the presence of 
deuterium instead of ordinary hydrogen in a reactor has 
pronounced and desirable nuclear effects. There are also 
some pretty strong effects on economics, since D2O costs 
around $28.50 per pound. 

Heavy water is usually used in tube type reactors, in 
which the nuclear fuel is positioned inside process tubes 
that penetrate a tank. The tank contains the heavy water, 
which surrounds the fuel-containing tubes and acts as a 
moderator, much as graphite does in gas-cooled reactors. 
The fuel is in a form that does not occupy all the space in 
the process tubes, so there is room for a cooling fluid to 
flow along the fuel elements and remove the heat that is 
generated. Figure 6 shows the general arrangement of a 
heavy-water reactor. 

Tank' 

Figure 6 A'^Mc/ear steam-supply 
components m a heavy-water re­
actor. 

Steam 

Steam generator 

• Water 

Any of several cooling fluids — organic compounds, gas, 
water, or heavy water — can be used in heavy-water re­
actors, since the heavy-water moderator is separated 
from the cooling fluid by the walls of the process tubes. 
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Tempera tures in heavy-water r eac to r s depend upon the kind 
of cooling fluid used, among other things, but steam hotter 
than 700° F can be produced. 

In t e rms of nuclear fuel utilization, the heavy-water 
reactor is an interim type: Its net fuel consumption is 
quite low and it can operate on natural uranium, which 
makes it attractive to use in some countries during the 
period in which designs for economical breeder reac tors 
are being developed. 

Breeder Reactors 
Several reac tors have a potential for breeding—that i s , 

for producing more nuclear fuel than they consume—be­
cause of the mater ia l s , or combinations of mater ia ls , that 
a re used to build them. 

How does a breeder work? As you recall , a uranium-235 
atom can fission when its nucleus absorbs a neutron. The 
fission reaction re leases free neutrons (see Figure 1) that 
may, in turn, initiate other fissions. All the neutrons r e ­
leased, however, are not absorbed by fissionable material ; 
some a re absorbed in the s t ructural mater ia l of the 
reactor , the control elements, or the coolant; some escape 
from the reactor and are absorbed by shielding; and some 
are absorbed by fertile material. When the nucleus of an 
atom of fertile mater ia l absorbs a neutron, the fertile 
atom can be transformed into an atom of 2i fissionable 
material — the substance that forms the basis for the 
nuclear chain reaction. By careful selection and a r range­
ment of mater ia l s in the reactor — including, of course, 
fissionable and fertile isotopes—the neutrons not needed 
to sustain the fission chain reaction can fairly effectively 
convert fertile material into fissionable material . The 
breeder reactor improves the efficiency of the neutron 
process both by increasing the number of free neutrons 
released in fission and by decreasing the number of neu­
trons wasted, thereby making a la rger number available 
for absorption in fertile material . If, for each atom of 
fissionable mater ia l that is consumed, more than one atom 
of fertile material becomes fissionable mater ia l , the r e a c ­
tor is said to be breeding. One fertile material is uranium-
238, which is always found in nature with fissionable 

12 

uranium-235. When uranium-238 absorbs neutrons it is 
converted to fissionable plutonium-239. Another fertile 
material is thorium-232, which can be converted to fis­
sionable uranium-23 3. 

Some of the reac tors that a re possible b reeders may not 
prove capable of breeding in actual practice, but one type 
has already operated successfully in several plants. This 
is the liquid-metal-cooled breeder reactor shown in Figure 7. 

Reactor 

• Steam 

Steam generator 

Pump 

V —^ Water 

Figure 7 Nuclear steam-supply components m a liquid-metal-cooled 
breeder reactor. 

Systems and components for the breeder differ from 
those for other types of reac tors . One item we haven't seen 
in the diagrams for other reac tors is an intermediate heat-
t ransfer loop between the reactor coolant system and the 
turbine water-s team system. Both the pr imary reactor 
coolant system and the intermediate loop use liquid metal 
because it has excellent heat- t ransfer and nuclear charac­
te r i s t ics ; the metal is usually sodium. Incidentally, the 
idea of a liquid metal should not be startling, for mercury, 
a substance familiar to everyone, is a liquid metal. 

The liquid metal in the reactor is heated to about 
1000° F, and then goes to the heat exchanger, where it 
t ransfers its heat to the liquid metal of the intermediate 
loop. The metal in the intermediate loop moves to the 
steam generator, where it heats water to produce steam 
at about 900° F, 

13 



Tempera tures in heavy-water r eac to r s depend upon the kind 
of cooling fluid used, among other things, but steam hotter 
than 700° F can be produced. 

In t e rms of nuclear fuel utilization, the heavy-water 
reactor is an interim type: Its net fuel consumption is 
quite low and it can operate on natural uranium, which 
makes it attractive to use in some countries during the 
period in which designs for economical breeder reac tors 
a re being developed. 

Breeder Reactors 
Several reac tors have a potential for breeding — that i s , 

for producing more nuclear fuel than they consume—be­
cause of the mater ia ls , or combinations of mater ia ls , that 
a re used to build them. 

How does a breeder work? As you recall , a uranium-235 
atom can fission when its nucleus absorbs a neutron. The 
fission reaction re leases free neutrons (see Figure 1) that 
may, in turn, initiate other fissions. All the neutrons r e ­
leased, however, are not absorbed by fissionable material ; 
some are absorbed in the s t ructural mater ia l of the 
reactor , the control elements, or the coolant; some escape 
from the reactor and a re absorbed by shielding; and some 
are absorbed by fertile material. When the nucleus of an 
atom of fertile mater ia l absorbs a neutron, the fertile 
atom can be t ransformed into an atom of a fissionable 
material — the substance that forms the basis for the 
nuclear chain reaction. By careful selection and a r range­
ment of mater ia ls in the reactor — including, of course, 
fissionable and fertile isotopes—the neutrons not needed 
to sustain the fission chain reaction can fairly effectively 
convert fertile material into fissionable material . The 
breeder reactor improves the efficiency of the neutron 
process both by increasing the number of free neutrons 
released in fission and by decreasing the number of neu­
trons wasted, thereby making a la rger number available 
for absorption in ferti le material . If, for each atom of 
fissionable mater ia l that is consumed, more than one atom 
of fertile material becomes fissionable material , the r e a c ­
tor is said to be breeding. One fertile mater ia l is uranium-
238, which is always found in nature with fissionable 

12 

uranium-235. When uranium-238 absorbs neutrons it is 
converted to fissionable plutonium-239. Another fertile 
material is thorium-232, which can be converted to fis­
sionable uranium-233. 

Some of the reac tors that a re possible b reeders may not 
prove capable of breeding in actual practice, but one type 
has already operated successfully in several plants. This 
is the liquid-metal-cooled breeder reactor shown in Figure 7. 

Reactor 

Fuel 

Steam 

Steam generator 

Pump \4=^ Water 

Figure 7 Nuclear steam-supply components m a hquid-metal-cooled 
breeder reactor. 

Systems and components for the breeder differ from 
those for other types of reac tors . One item we haven't seen 
in the diagrams for other reac tors is an intermediate heat-
t ransfer loop between the reactor coolant system and the 
turbine water-s team system. Both the pr imary reactor 
coolant system and the intermediate loop use liquid metal 
because it has excellent heat- t ransfer and nuclear charac­
ter i s t ics ; the metal is usually sodium. Incidentally, the 
idea of a liquid metal should not be startling, for mercury, 
a substance familiar to everyone, is a liquid metal. 

The liquid metal in the reactor is heated to about 
1000° F, and then goes to the heat exchanger, where it 
t ransfers its heat to the liquid metal of the intermediate 
loop. The metal in the intermediate loop moves to the 
s team generator , where it heats water to produce steam 
at about 900° F. 

13 



Like other coolants, liquid metal has some desirable and 
some undesirable features. It is good because it does an 
excellent job of neutron conservation and of removing heat 
and does not have to be used at high p ressu re to attain 
high temperatures . The fuel in a liquid-metal-cooled 
breeder reactor can be operated at very high-power 
densit ies because the heat can be removed ra ther handily. 
To put it another way, the heat for a power plant of a given 
capacity can be supplied by a liquid-metal-cooled breeder 
reac tor that is much smal ler than any other reactor that 
could do the job. 

One of the undesirable features about liquid metal is i ts 
tendency to react chemically. For example, there is a 
strong reaction whenever liquid metal comes in contact 
with water or steam, and if a leak occurs in a steam 
generator that contains liquid metal an intense reaction 
resul t s . To isolate the reac tor from any possible difficulty, 
liquid-metal-cooled r eac to r s are provided with the inter­
mediate heat- transfer loop. This extra loop, of course, 
adds to the cost of the plant. 

We have now taken a quick tour through the common 
reactor systems and have noted a few charac ter i s t ics of 
each. In the next section, we will explore one kind of 
nuclear power plant in detail. 

14 

TYPICAL PLANT DESIGN FEATURES 

If you want to know more about the s izes , shapes, fea­
tures , and relationships of components m a nuclear power 
plant, then this section is for you. 

We will look closely at a plant typical of some being 
bought and built by utility companies today. The choice of 
a reactor for our "typical" plant is an arb i t ra ry one: It 
uses a pressur ized-water reactor , but other reactor types, 
equally successful, might have been chosen, as they have 
by many util i t ies. Our plant will produce about 800,000 kilo­
watts of electric power and will have taken around 4 years 
to construct, 

A flow diagram for our installation is shown in Figure 8; 
this diagram is basically a combination of Figures 2 and 4. 
Although only one reactor coolant loop is shown for s i m ­
plicity, numbers indicate where two other paral lel loops 
begin and end. A reactor of this size requires more than 
one pr imary loop principally because of limitations in the 
capacities of pumps and steam generators . 

The parallel steam pipes from the three steam gen­
era to rs a re joined into a single, larger pipe that is con­
nected to the high-pressure turbine. The steam flows into 
the turbine and gives up some of its energy to turn a 
shaft; it cools, drops in p res su re , and forms some mois­
ture. Leaving the high-pressure turbine, the steam passes 
through a moisture separator and enters the low-pressure 
turbine. Here the steam pressure drops sti l l more, im­
parting additional energy to the shaft. The shaft turns the 
generator, which produces the electric power. 

The s t e a m — i t s usable energy by now pretty well ex­
haus ted— moves on to the condenser, where cooling pipes 
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turn it into water. In the process , the p ressure is lowered 
to less than atmospheric p re s su re . The water (called 
condensate) formed in the condenser, is pumped tlirough 
a heater and partially preheated. By this time, the water 
is called feed water because it is used to "feed" the steam 
generators; before entering the steam generators , how­
ever, it is pumped through another heater . The preheating 
improves the efficiency of the plant. Several heaters 
usually a re used, but, for simplicity, only two are shown 
he re . 

To pump the water from the condenser through the 
heaters and into the steam generators , its p ressure must 
be raised from less than 14.7 psi (atmospheric p ressure 
at sea level) to about 800 psi. More than one pump is 
needed for this, and two are shown here . The pipe leaving 
the last feed-water heater branches into parallel pipes so 
that feed water is supplied to the s team generator in each 
parallel reactor loop. 

Thus, we can make a general statement that the parallel 
loops of the nuclear steam-supply system furnish steam 
to a single-loop, power-generating system, although there 
are exceptions to this design in industry. 

Considering the pr imary, or reactor , coolant system 
again, note that each loop has its own pipes from the r e ­
actor, but that usually only one p ressu r i ze r and one water 
purification system are provided. The p ressur ize r , as its 
name indicates, keeps the reactor system at the proper 
p r e s su re . The purification system continuously removes 
impuri t ies from the water. 

Keep the flow paths in Figure 8 in mind as we turn now 
to some individual components of a nuclear power plant. 

The Reactor Vessel 

The reactor is the furnace of the plant—the concentrated 
source of the tremendous amount of heat that is con­
verted to electr ic power. Figure 9 shows a vertical c ros s -
section through a reactor p ressure vessel and the a r ­
rangement of basic reactor components. The steel vessel, 
its walls around a foot thick, is designed to contain water 
at an operating p ressure of 2250 psi, with inlet and outlet 
tempera tures of about 550° F and 600° F, respectively. 
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The vessel weighs about 1 million pounds empty, and more 
than half again as much when full of water and with the 
core installed. 

The vessel, about 40 feet high with an outside diameter 
of 16 feet, has the function of enclosing the reactor core. 

Pressure 
vessel head 

Flange bolts 
and nu ts - ^ ' 

Control rod drive 
mechanism 

Pressure " 2 ^ i I I I „ ^ . ; ^ — ^ Hot water out 
vessel 

H Mi l "S^ 
Control rod 

•Fuel assembly pig^.e g vertical cross 
section view of a 
pressurized-water re­
actor vessel. 

-Cool water m 

which is composed of fuel elements and control rods. The 
cool-water connections of some vessels are at the same 
level as the hot-water connections; this arrangement is a 
design variation on the typical vessel shown here. Internal 
baffles direct the cool water to the bottom of the vessel so 
that it can then flow up through the reactor core. 

When the reactor is not operating, the top, or head, may 
be removed for access to the core. Figure 9 shows how the 
head is bolted to the main part of the vessel, and Figure 10 
shows a head being installed. The photograph shows the 
holes for the bolts, the drive shafts for the control rods, 
and, at the top of the vessel head, the control-rod drive 
mechanisms. 

The Core 

The heart of our nuclear power plant is the nuclear 
fuel—a ceramic material called uranium dioxide (UO2), 

I t 

Figure 10 Reactor vessel 
head being installed at a 
nuclear power plant. 
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The UO2 is enclosed in sealed tubes a little less than a 
half inch in diameter and about 12 feet long. These tubes 
are made of Zircaloy, which is an alloy of the metal 
zirconium. About 200 of these tubes are arranged in a 
square pattern to form a fuel assembly (see Figure 11), 
The tubes in each assembly are close together but do not 
touch. They are held apart by egg-crate-like spacer grids 
so that the cooling water can flow along them and remove 
their heat. 

Each fuel assembly in our reactor example is 8 inches 
square by 12 feet long and weighs 1300 pounds (UO2 is 
almost as heavy as lead). Our reactor core contains about 
200 fuel assemblies, and there are passages for control 
rods in the assemblies. The core is nearly 12 feet across, 
and the square assemblies are arranged so that from the 
top the core looks circular. 

The heat-gene ration rate of the core is determined by 
movable control rod assemblies, which can be moved up or 
down so that they leave or enter the region of the nuclear 
fuel. The rods contain material that acts as a brake on the 
chain reaction; that is, when a rod is in the core it absorbs 
neutrons and prevents them from causing fissions. By 
moving the rod assemblies—there may be as many as 90 
of them — in or out of the core, the heat-generation rate 
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can be decreased or increased so that the plant produces 
the desired amount of electr ic power. 

The Primary Coolant System 
The pr imary coolant system consists of s tainless steel 

piping and other components that contain the cooling water. 
Remember that large reac tors use several pr imary coolant 
loops that operate m parallel . A lot of water flows through 
the reac to r—around 2 million pounds (330,000 gallons) per 
minute — equivalent to the flow from over 100,000 garden 
hoses. (Reactor temperature and pressure cause the water 
to weigh approximately 6 pounds per gallon.) Each loop 
ca r r i e s a portion of the total flow, and each has a steam 
generator and a pump. Some reac tors have two pipes and 
two pumps between the outlet of each steam generator and 
the inlet to the reactor vessel . 

The steam generators a re 10 or 15 feet in diameter, 
about 60 feet high, and weigh roughly half a million pounds. 
Water flowing through tubes inside heats the surrounding 
feed water, producing s team with a p re s su re of 800 psi and 
a temperature of 520° F. The steam generators deliver 
around 10 million pounds {5% million cubic feet) of steam 
per hour to the turbine. 

A pr imary coolant pump, driven by an electric motor 
rated at several thousand horsepower, ra i ses the coolant 
p re s su re about 100 psi for another t r ip through the r e a c ­
tor, piping, and steam generator. 

In an actual installation, tlie p r imary coolant loops a r e 
arranged around the reactor as in Figure 13, which shows 
the "nuclear" pieces in a nuclear power plant. The r e s t of 
the installation is identical with any other generating s t a ­
tion and we needn't discuss i ts detai ls . 

The Overall Plant 
Our plant 's central control room, with appropriate 

instruments, switches, indicators, and controllers for the 
nuclear steam-supply system and the power-generating 
system, looks about like the control room in any large 
industrial plant, except for some instruments that indicate 
or record conditions in the reac tor . This reactor instru­
mentation replaces the boiler instrumentation of a con-
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ventional power plant. Control-room personnel who operate 
the plant are highly qualified, having received extensive 
training and having passed comprehensive examinations to 
obtain the required licenses. 

When you see an exterior view of a nuclear plant, you 
may wonder which pieces go in which building. Figure 15 
shows the location of components in a pressurized-water 
plant, with "nuclear" components inside a leaktight steel 
or concrete containment building (the vertical cylinder with 
a dome top in the figure). A containment building actually 
can have any one of several different shapes, and in some 
plants no containment feature may be visible at all. In the 
newer plants that use boiling-water reactors, for example, 
containment is provided, but it doesn't show. 

The power-generating components are housed in a typi­
cal industrial structure called a turbine building. One more 
conventional structure is the plant "ventilation stack". In 

Figure 13 Cutaway view of a nuclear steam-supply system based on 
a pressurized-water reactor. Note size of man eritering door at 
right. . 

Figure 14 The control room in a nuclear power plant. 

a conventional plant, the stack discharges the products of 
combustion from the boiler — it is a "smokestack". In a 
nuclear plant, on the other hand, the stack discharges 
ventilating air, which sometimes contains extremely small 
amounts of highly diluted, filtered gaseous wastes, strictly 
controlled to rigid standards.* 

One final word about our typical plant: It is a very large 
industrial installation and is owned by a company whose 
purpose is to generate electric power reliably and eco­
nomically for its customers. 

Reactor-" 

Figure 15 Location of principal componenti « a 7r€ss.>ar2is^~mattw . 
plant. 

•For more information, see H.ff^ioaCi:s^' '^~t;'r~ i.::,? A:. :<".:. 
Power Safety, other boo-deis ic this serses-
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*For more information, see Radioactive Wastes and Atomic 
Power Safety, other booklets in this series. 
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THE COST OF NUCLEAR POWER 

Beginning about 1965, nuclear power plants became 
economically competitive with conventional steam power 
plants in many sections of the United States and the res t of 
the world. 

A utility company spends money on two principal i tems 
in order to generate electrici ty for i ts cus tomers . The 
f irst is the power plant itself, and the second is the fuel 
that the plant consumes. At present, it costs more to 
build a nuclear plant than it does to build a conventional 
plant. This, however, is only half the story because the 
fuel costs for the nuclear plant are lower. Consequently, 
in locations where fossil-fuel costs a re fairly high (gen­
erally a reas some distance from coal mines or gas and 
oil fields), a utility may save money by "going nuclear" 
when it expands. Companies buying nuclear power plants 
today can expect their investment to be divided as shown 
in Figure 16. 

The competitive position that nuclear power holds today 
has been attained in a remarkably short t ime. Only ten 
years ago, it was very expensive to obtain usable electric 
power from atomic energy. The rapid change in the eco­
nomic position of this important energy resource is a 
resul t of the combined efforts of government and industry. 
In order to speed the development of nuclear technology, 
and thus assure that the energy re sources of our country 
can be used to meet our power requirements , the U. S. 
Atomic Energy Commission (AEC) for many years has 
sponsored research work and supported projects aimed at 
demonstrating the performance and costs of different types 
of nuclear power plants. 
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Probably the most significant program began m 1955, 
when the AEC announced the Power Reactor Demonstration 
Program, under which it invited utilities and the manu­
facturing industry to participate in nuclear power plant 

Figure 16 Where the money goes in a nuclear pouer plant. 

demonstration projects. The te rms of the program differ 
from project to project but a re based on a sharing of costs 
by the AEC and the participating organizations. As a result 
of the program, more than 15 projects have been under­
taken. The experience gained in designing, constructing 
and operating plants under the Power Reactor Demonstra­
tion Program has played an important part in the develop­
ment of today's commercial nuclear power plants. 

Many factors affect the cost oi a nuclear power plant and 
the electric power it produces. For example, the size of 
the plant has an influence on the cost per unit of electricity: 
the larger the plant, the cheaper the power. Wages and ma­
ter ia ls costs differ substantially from region to region, as 
do taxes, the pr ices of land, and other items. An important 
factor is the length of time required to build the plant, for 
during the construction period costs escalate. Let 's talk 
about escalation for a moment, assuming that the year is 
1973. The typical nuclear plant described in the preceding 
section would cost about $400 per kilowatt of capacity to 
build, if the owner paid cash for the plant and it were pos­
sible to erect it overnight. That isn' t the way things go, 
however, for utilities finance their plants and around eight 
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years elapse between the time a nuclear plant is ordered 
and the time it goes into operation. The time is required 
for obtaining necessary permi t s and l icenses, for actual 
construction, and for pre-operational testing. During those 
eight years , wages of workers increase, pr ices of equip­
ment go up, and the utility pays interest on the money it has 
borrowed to build the plant. The effect of these factors is 
an increase in cost, which is called escalation. 

Significant escalation occurs with all long-term projects 
such as conventional power plants, chemical plants, or 
s imilar industrial installations. In our example, the nuclear 
plant ordered in 1973 will go into operation around 1981 and 
will have cost $500 per kilowatt to build; the total power-
generating cost in the 1980's will be slightly less than two 
cents per kilowatt-hour. Plants now in operation were built 
in less expensive t imes and produce cheaper power; the 
costs a re roughly half those given above for future plants. 
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PLANTS IN THE UNITED STATES 

The first full-scale nuclear power plant in the United 
States began operating in December 1957, at Shippingport, 
Pennsylvania. Since then, numerous other nuclear plants 
have joined in providing electric power from the peaceful 
atom. This section is devoted to descriptions of some of 
these plants. 

Note that the plants shown in the photographs use differ­
ent kinds of reac tors and that their power outputs differ by 
substantial amounts. This is because some of the plants 
were built as demonstration units to determine relative 
advantages of one reactor type compared with another, and 
were built to the size requirements of a particular power 
company or system. 

The extent of the nuclear power program is indicated by 
the fact that plants are located or planned for construction 
in the following states: Alabama, Arkansas, California, 
Colorado, Connecticut, Florida, Georgia, Illinois, Indiana, 
Iowa, Maine, Maryland, Massachusetts, Michigan, Minne­
sota, Nebraska, New Hampshire, New Jersey , New York, 
North Carolina, Pennsylvania, South Carolina, Tennessee, 
Vermont, Virginia, and Wisconsin. In addition, U. S. manu­
facturers have sold reac tor plants in several foreign 
countries. 

A rather special kind of nuclear power plant, the Han-
ford " N " Reactor (sometimes called the New Production 
Reactor), is at Hanford, Washington, about 150 miles 
southeast of Seattle. The reactor is owned and operated 
by the AEC and produces special nuclear mater ia l for 
government stockpile purposes; i ts original design, how-
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ever, provided for the recovery of the waste heat The 
Washington Public Power Supply System later received 
approval to build a nearby steam power plant in which the 
hot water from the reactor i s used to generate steam. The 
plant has a generating capacity of 790,000 kilowatts of 
electric power, equivalent to that of two Bonneville Dams. 
This plant began serving the Pacific Northwest in April 
1966. 

Figure 17 SHIPPINGPORT Atomic Pouer Station Located at Ship-
pingport Pennsylvania, about 25 miles northwest of Pittsburgh 
Pressurized-water reactor, 90,000-net-electrical-kiloiiatt capac­
ity, designed by Bettis Atomic Power Laboratory oj Westmghouse 
Electric Corporation Started commercial operation m 1957, began 
operation at present power m 1965 Jointly owned by AEC and Du-
quesne Light Company Operated by Duquesne Light Company 
Shippingport nas the Jirst large nucleat power electric generating 
plant m the U S The reactor is in the large building m the center 
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Figure 18 DRESDEN Nuclear Pouer 
Station Unit #1 Located at Morris 
Illinois about 50 miles southwest 
of Chicago Boilmg-water reactor 
200 OOO-net-electrical-kilowatt capac­
ity, designed by General Electric Com­
pany Started commercial operation in 
1960 Owned and operated by Common­
wealth Cdison Company Dresden Unit 
#i was the second large nuclear power 
plant to be built m the U S Dresden 
Unit #2 and Unit #3 adjoin Unit #1 (See 

frontispiece ) 
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Figure 18 DRESDEN Nuclear Power 
Station, Unit #1 Located at Morris 
Illinois about 50 miles southwest 
of Chicago Boiling-water reactor, 
200,000-net-electrical-kilouatt capac­
ity, designed by General Elect) ic Com­
pany Started commercial operation m 
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plant to be built m the U S Dresden 
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Figure 19 YANKEE Nuclear Power Sta­
tion Located at Rowe, Massachusetts, 
about 45 miles east of Albany, New 
York Pressurized-water reactor, 
175,000-net-electrical-kiloiiatt capac­
ity, designed by Westmghouse Electric 
Corporation Started commercial op­
eration m 1961 Owned and operated by 
Yankee Atomic Electric Company 
Yankee was the third large nuclear power 
plant to be built m the U S 
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Figure 20 INDIAN POINT Station of 
Consolidated Edison Company of New 
York Located on the Hudson River, 
about 35 miles north of New York City 
The first unit of the station, located m 

jront oj the stack m the illustration has 
a capacity oj 265,000 kilouatts and uas 
the fourth large nuclear power plant to 
be built m the United States It uses a 
pressurized-water reactor, as do the 
other two units of the complex Total 
projected capacity, with all three units 
operating, is more than tuo million 
kilowatts 
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Figure 21 ENRICO FERMI Atomic Power 
Planti Located at Lagoona Beach on 
Lake Erie, near Monroe, Michigan, about 
35 miles southwest of Detroit. Breeder 
reactor, cooled mth liquid sodium, 
b 0,900-net-electrical-kilowatt capacity, 
designed by Atomic Power Development 
Associates, Inc. Started pouer opera­
tion in 1965. Jointly owned and operated 
by Detroit Edison Company and Power 
Reactor Development Company. Enrico 
Fermi was the world's first large 
breeder nuclear power plant. 
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Figure 22 OYSTER CREEK Nuclear 
Pouer Plant, Unit #1 This 515,000-
kilowatt plant oj Jersey Central Power & 
Light Company is at Toms River, New 
Jersey Boilmg-water reactor, designed 
by the General Electric Company Some 
of the canals and equipment which pro­
vide cooling water for the condenser 
can be seen m the photograph 
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Jersey Boilmg-water reactor, designed 
by the General Electric Company Some 
of the canals and equipment which pro­
vide cooling water for the condenser 
can be seen m the photograph 
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Figure 23 PEACH BOTTOM Alomlc 
Power Station Unit #1. Located on the 
Susquehanna River near Peach Bottom, 
Pennsylvania, about 65 miles southwest 
of Philadelphia. Helium-cooled reactor, 
40,000-net-electrical-kilowatt capacity, 
designed by Gulf General Atomic. Started 
commercial operation in 1967. Op­
erated by Philadelphia Electric Com­
pany, Peach Bottom is a demonstration 
reactor featuring high temperatures and 
a gaseous coolant. Units #2 and #3 are 
located at the same site. 
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Figure 24 BROWNS FERRY Nuclear 
Power Plant under construction. This 
view shows two of the three boiling-
ivater reactors. Total generating capac­
ity, all units operating, over three million 
kilowatts. Located about 10miles north­
west of Decatur, Alabama, the Browns 
Ferry station is part of the Tennessee 
Valley Authority system. 
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Figure 25 C ONNE CTICUT YANKEE 
Atomic Pouer Plant Located at Haddam 
Neck on the east bank oj the Connecticut 
River, about 20 miles southeast of 
Hartjord Pressurized-water reactor, 
462,000-kilouatt capacity, designed by 
Westmghouse Electric Corporation Op­
eration of the plant, oivned by Connecticut 
Yankee Atomic Power Company, began 
m 196 7 
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Figure 26 HUMBOLDT BAY Power 
Plant Located on Humboldt Bay near 
Eureka, Calijornia, about 200 miles 
north oj San Francisco Boilmg-waler 
reactor, 66,500-net-electrical-kilouatt 
capacity, designed by General Electric 
Company. Started cotnmer cial opeiatwn 
m 1963 Owned and operated by Pacijic 
Gas and Electric Company. The picture 
shows the reactor building on the r ight, 
to the lejt are two oil-fired generating 
units 
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Figure 26 HUM BOLD! BAY Power 
Plant Located on Humboldt Bay near 
Eureka, California, about 200 miles 
north of San Francisco Boilmg-water 
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capacity designed by General Electric 
Company Started comnier aal operation 
m 1963 Oivned and operated by Pacific 
Gas and Electric Company The picttn e 
shows the r eactor building on the right, 
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Figure 27 ROBERT EMMETT GINNA 
Nuclear Pouer Plant Located on the 
south shore oj Lake Ontario, about 15 
miles east of Rochester, New York 
Pressurized-water reactor, net elec­
trical capacity 420,000 kilowatts, de­
signed by Westmghouse Electric Corpo­
ration The Gmna plant uas jormerly 
known as Brookwood and is owned by 
Rochester Gas and Electric Corporation 

Figure 28 BIG ROCK POINT Nuclear 
Plant Located on Lake Michigan at 
Big Rock Point near Charlevoix, Michi­
gan, about 200 miles northwest of 
Detroit Boilmg-water reactor, 70,400-
net-electncal-kilowatt capacity, de­
signed by General Electric Company. 
Started commercial operation m 1963. 
Owned and operated by Consumers 
Power Company. 
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south shore of Lake Ontario, about 15 
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Figure 28 BIG ROCK POINT Nuclear 
Plant Located on Lake Michigan at 
Big Rock Point near Charlevoix, Michi­
gan, about 200 miles northwest of 
Detroit. Boilmg-water reactor, 70,400-
net-electncal-kilowatt capacity, de­
signed by General Elect) ic Company. 
Started commercial operation in 1963. 
Owned and operated by Consumers 
Power Company. 
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Figure 29 SAN ONOFRE Nuclear Gen­
erating Station Located on the Pacific 
Ocean near San Clemente, California 
Pressurized-water reactor, 430,000-
kilowalt capacity, commenced operation 
m 1967 Owned jointly by Southern Cali­
fornia Edison Company and San Diego 
Gas & Electric Company 
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Figure 30 PALISADES Nuclear Pouer 
Station. Located at South Haven, Michi­
gan, about 35 miles west of Kalamazoo 
Pressurized-water reactor, net capacity 
700,000 kilowatts, designed by Combus­
tion Engineering, Inc Owned by Con­
sumers Power Company, whose Big Rock 
Point plant is shown m Figure 28 
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Figure 29 SAN ONOFRE Nuclear Gen­
erating Station Located on the Pacific 
Ocean near San Clemente, California 
Pressurized-ivater reactor, 430,000-
kiloivatt capacity, commenced operation 
m 1967 Owned jointly by Southern Cali­
fornia Edison Company and San Diego 
Gas & Electric Company 
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Figure 30 PALISADES Nuclear Power 
Station Located at South Haven, Michi­
gan, about 3o miles uest oj Kalamazoo 
Pressurized-water reactor, net capacity 
700,000 kilowatts, designed by Combus­
tion Engineering Inc Owned by Con­
sumers Power Company, whose Big Rock 
Point plant is shown in Figure 2h 
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Figure 31 NINE MILE POINT Nuclear 
Station, under construction It takes 
several years time, a lot of material, 
and many hours of labor to erect a 
large power plant In taking this pic­
ture, the photographer stood inside a 
large pipe that carries cooling water 
jrom Lake Ontario into the steam con­
denser. The huge, light-bulb-shaped 
steel shell in the foreground houses 
the reactor. A view of the finished plant 
is shown m Figure 32. 
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Figure 32 NINE MILE POINT Nuclear 
Station. Located on Lake Ontario near 
Oswego, New York, about 35 miles 
north of Syracuse. Boilmg-water reac­
tor, 500,000-net-electrical-kiloivatt ca­
pacity, designed by General Electric 
Company. Owned and operated by Niag­
ara Mohaivk Power Corporation. 
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DEVELOPMENTS IN FOREIGN COUNTRIES 

Many countries use nuclear energy to produce electric 
power. Some of these countries have large reactor de ­
velopment programs of their own, like the one in the 
United States, while others undertake little development, 
preferr ing to buy their nuclear power plants from a 
country that se l ls them for export. Among the countries 
whose programs we will discuss, our neighbor to the 
north comes first . 

Canada 

With large reserves of uranium, with a pool of scientists 
who participated in the early atomic energy work, and with 
inconveniently located fossil-fuel resources , Canada is " a 
na tura l" for the utilization of nuclear energy. The Cana­
dians, in fact, for years have had a vigorous nuclear de­
velopment program, oriented strongly toward heavy-water 
r eac to r s . 

In 1962, the Nuclear Power Demonstration (NPD) Station 
at Rolphton, Ontario, became Canada's f irst operating 

Figure 33 The DOUGLAS 
POINT Nuclear Pouer Sta­
tion located on the eastern 
shore of Lake Huron near 
Kincardine, Ontario. 
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nuclear power plant and the first in the world to use a 
heavy-water reactor . The station, with a power output of 
22,500 kilowatts, was designed as a prototype foi larger 
plants. The first full-scale nuclear electric generating 
plant, the Douglas Point Nuclear Power Station, has a 
capacity of 203,000 kilowatts. It was built by Atomic 
Energy of Canada, Ltd (which corresponds to our Atomic 
Energy Commission) in partnership with the Hydro Electric 
Power Commission of Ontario 

The dominance of the heavy-water reactor in Canadian 
efforts IS illustrated by several additional large plants in 
Canada, and by the export sale of power plants of this type 
to India and Pakistan. 

Great Britain 
The British have been m the nuclear energy business for 

a long time, and they have the nuclear power plants to 
prove it. In 1956, when the British began operating their 
first nuclear plant at Calder Hall, shown in Figure 34, they 
chose a gas-cooled reactor . More than two dozen plants 
later, the English still prefer gas-cooled reactors . Many 
technical improvements have been incorporated in the 
newer plants. The outside appearance has changed, too, 
as can be seen by comparing a photo of a newer plant 
(Figure 35) with that of the original station. 

Figure 34 England's CAL­
DER HALL Nuclear Power 
Station The tall structures 
are cooling towers, which 
arc employed m locations 
where a large body of 
water is not accessible 
These towers cool the con­
denser cooling water so 
that it can be used again, 
and they onit steam, not 
smoke Four reactors sup­
ply steam lo two turbines 
Total capacity oj the sta­
tion IS 198,000 electrical 
kilouatts 

Great Britain offers plants for export and competes for 
contracts m other countries. British-designed gas-cooled 
reac tors have been built in Italy and Japaii. 
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a long time, and they have the nuclear power plants to 
prove it. In 1956, when the British began operating their 
first nuclear plant at Calder Hall, shown in Figure 34, they 
chose a gas-cooled reactor . More than two dozen plants 
later, the English still prefer gas-cooled reactors . Many 
technical improvements have been incorporated in the 
newer plants. The outside appearance has changed, too, 
as can be seen by comparing a photo of a newer plant 
(Figure 35) with that of the original station. 

Figure 34 England's CAL­
DER HALL Nuclear Power 
Station. The tall structures 
are cooling towers, which 
are employed m locations 
where a large body of 
water is not accessible. 
These tower s cool the con­
denser cooling water so 
that it can be used again, 
and they emit steam, not 
smoke Four reactorssup­
ply steam lo two turbines. 
Total capacity of the sta­
tion is 198,000 electrical 
kilowatts. 

Great Britain offers plants for export and competes for 
contracts in other countries, British-designed gas-cooled 
reac tors have been built m Italy and Japan. 
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Figure 35 The OLDBURY 
Nuclear Poiver Station went 
into operation in Great 
Britain in 1967. Generating 
capacity of the two plants 
at the station is 600,000 
electrical kilowatts. 

Figure 36 The DOUNREAY 
Fast Reactor located in 
Scotland. 

In addition to their work on gas-cooled reactors, the 
British are investigating other systems, including steam-
generating heavy-water and liquid-metal-cooled breeder 
reactors. The Dounreay Fast Reactor, shown in Figure 36, 
is a 12,700-kilowatt experimental plant that has been in use 
since 1959, A new, 250,000-kilowatt prototype breeder 
reactor is located at the same site. 

France 

The emphasis in the French program, as in the British, 
has been on gas-cooled reactors. Although the two coun­
tries have developed nuclear plants that are very similar 
in principle and in major features, the development pro­
grams have been independent. 

The first French plant went into operation at Marcoule 
in 1956, and since that time a new unit has come "on the 
line" about every 2 years with progressive improvements 
in the later designs. This should not be taken as an indica­
tion that progress has been slow, however, for the latest 
French plants show important improvements over the early 
designs. 
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Figure 37 Aerial view of the 
735,000-kilowatt nuclear 
power station at Chinon, 
France. CHINON 1 is at 
Ihe bottom, and the newer-
plants, CHINON 2 and 3, 
are above. 

The nuclear research and development work in France 
is considered to be good, and the French scientists are 
respected by their counterparts in other countries. In 
addition to contemporary gas-cooled reactors, the French 
have an active fast breeder program underway, including a 
250,000-kilowatt prototype at Marcoule. 

Japan 

The Japanese have undertaken an ambitious nuclear 
power construction program, and the supporting industries 
necessary for such a program are developing rapidly. 
Although most of the current nuclear power plants are 
based on American designs, the Japanese have been op­
erating reactors for over a decade. 

The large nuclear plants that are becoming operational 
use boiling-water or pressurized-water reactors, but the 
Japanese are also looking well into the future as they 
develop a native capability. In addition to work on the kinds 
of reactors that are currently operating or under con­
struction, research centers and industrial organizations 
are involved in the development of heavy-water and breeder 
reactors. 
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Figure 38 Japan's TSU-
RUGA Nuclear Power 
Plant This 322,000-kilo-
watt plant is located near 
Kyoto 

Figure 38 shows one of Japan 's nuclear power plants, 
which uses a boiling-water reactor . 

Soviet Union 

The Russians have been operating nuclear reac tors for 
over 25 y e a r s — n e a r l y as long as scientists in the United 
States have Their ear l iest reac tors , like ours, were de­
signed to produce mater ia ls for nuclear weapons. The 
Soviet program on peaceful uses of atomic energy also is 
like ours It is diversified and, in the nuclear power plant 
area, it is not concentrated strongly on any part icular 
type of plant. 

A nuclear power plant called AM-1 went into operation 
near Moscow in 1954, preceding the f i rs t operation of our 
Shippingport station. We do not consider AM-1 to be a true 
nuclear power plant, however, because of its small size 
(5000 kilowatts) and experimental use. (A U. S. facility, 
the Experimental Breeder Reactor in Idaho, was producing 
electric power in 1951.) 

Russia has built several types of nuclear power plants, 
but not many of any one type. Figure 39 shows an interior 
view of one of their la rger plants, a pressur ized-water 
type. The level of their technology is about equal to ours 
for the kinds of plants being constructed in fairly large 
numbers here. The U.S.S.R. is also pushing ahead with a 
large b reeder - reac to r construction program. 
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Figure 39 The reactor pit m 
the NOVOVORONEZH Nu­
clear Power Station located 
on the Don River m the 
Sonet Union The dome at 
the bottom is a cover for 
the reactor vessel. This 
plant produces 196,000 
kilowatts, a second, larger 
plant is at the same site 

West Germany 

A vigorous development program promises to place West 
Germany among the foremost builders of nuclear power 
plants. Since their 15,000-kilowatt Kahl station began power 
operation in 1961, the Germans have proceeded with r e ­
search and construction plans encompassing a variety of 
nuclear plants and facilities. 

Some of the German plants are experimental in nature 
and serve as steps in a large, b reeder - reac tor program, 
but others have been built to furnish electric power to meet 
today's requirements. One such plant is shown in Figure 40, 
while Figure 41 shows the reactor vessel of another. 
Although the two photos illustrate boiling-water reactors , 
other German plants use pressurized-water , heavy-water, 
and gas-cooled reac tors . 

The German program is not limited to the development 
and construction of nuclear power plants for domestic use 
only. German industry is active in the competition for 
contracts to build plants in other countries, and a 317,000-
kilowatt heavy-water reactor was sold to Argentina in 1968. 
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other Countries 
Practically every country has a government agency and 

research centers devoted to nuclear energy. Even some of 
the nations that a re small m size have substantial p ro ­
grams under way and have actually built a nuclear power 
plant or two. Others have preferred — at least at f i rs t — to 
buy their plants from another country. In addition to the 
countries mentioned in the preceding paragraphs, the fol­
lowing have built or bought nuclear power plants: Belgium, 
Czechoslovakia, East Germany, the Netherlands, Spain, 
Sweden, Switzerland, and, reportedly, Bulgaria and Hungary. 
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THE LAST WORD 

In the near future, a substantial amount of e i r : t n : 
power may come from a kind of nuclear plant that t^ hiTS 
not mentioned yet. This is called a f7Ma/-/);n-/)05f pla:::". r e -
cause it has two products: Electricity and fresh -rs-ter. 
The reactor in a dual-purpose plant serves ibe --s-iil 
pu rpose—i t produces heat. However, it produces er;Tji:-
heat to make more steam than the power-generating s-rc-
tion of the plant needs. The extra steam is iisei in a 
desalting plant, or process , that makes fresh ^jrater i r : — 
salt water. Thus, tlie dual-purpose plant is much L i r a 
regular nuclear power plant except that it has ar: exvrx 
section—and a big one, at that — which produces l a r re 
amounts of fresh water.* 

We have discussed some aspects of nuclear power plants, 
how reac tors work, and why atomic energy is important in 
meeting the demand for electric power today ani m t i e 
future. For those who want more information, the foIlGTEls: 
pages give l ists of suggested books, reports , ar t ic les , an-i 
motion p ic tures . 

•See Nuclear Energy Jor Desalting, a. companion booklet in thi 
series. 
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Figure 40 West Ger­
many's GUNDREMMINGEN 
Nuclear Power Station 
This 237.OOO-kdowatl plant 
was Germany's first large-
scale nuclear power sta­
tion It uses a boilmg-water 
reactor and has been m 
operation since 1966. 

Figure 41 The interior of 
the reactor vessel of the 
LINGEN Nuclear Power 
Station m West Germany 
The mside diameter of the 
vessel IS about 12 ft This 
boilmg-water reactor has 
been in operation since 
1968. 

Other Countries 
Practically every country has a government agency and 

research centers devoted to nuclear energy. Even some of 
the nations that are small in size have substantial pro­
grams under way and have actually built a nuclear power 
plant or two. Others have preferred—at least at first—to 
buy their plants from another country. In addition to the 
countries mentioned in the preceding paragraphs, the fol­
lowing have built or bought nuclear power plants: Belgium, 
Czechoslovakia, East Germany, the Netherlands, Spain, 
Sweden, Switzerland, and, reportedly, Bulgaria and Hungary. 
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THE LAST WORD 

In the near future, a substantial amount of electric 
power may come from a kind of nuclear plant that we have 
not mentioned yet. This is cdilled 2, dual-purpose plant be­
cause it has two products: Electricity and fresh water. 
The reactor in a dual-purpose plant serves the usual 
purpose—it produces heat. However, it produces enough 
heat to make more steam than the power-generating sec­
tion of the plant needs. The extra steam is used in a 
desalting plant, or process, that makes fresh water from 
salt water. Thus, the dual-purpose plant is much like a 
regular nuclear power plant except that it has an extra 
section—and a big one, at that—which produces large 
amounts of fresh water.* 

We have discussed some aspects of nuclear power plants, 
how reactors work, and why atomic energy is important m 
meeting the demand for electric power today and in the 
future. For those who want more information, the following 
pages give lists of suggested books, reports, articles, and 
motion pictures. 

*See Nuclear Energy for Desalting, a. companion booklet in this 
ser ies . 
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