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Nuclear Energy for Desalting 
By GRACE M. URROWS 

MAN IS THREE-FOURTHS WATER 

You are three-fourths water. That 's not a comment, i t ' s 
a statement of fact that dramatizes why you cannot live 
without it. Your life, your health, your food, and even your 
prosperi ty require a continuing supply of water. 

The Ancients couldn't enumerate the body's constituents 
as modern scientists can, but simple observation told them 
of wate r ' s importance and influence. 

In the Old Testament of the Bible, the Hebrew poets sang 
of "A good land, a land of brooks and waters , of fountains 
and depths that spring out of valleys and hi l ls" (Deuteronomy 
8: 7). 

In the Koran Mohammed warned, "No one can refuse 
surplus water without sinning against Allah and against 
man". 

In the fourth century B.C., Hippocrates, the venerated 
Greek physician and philosopher, believed that the physiques, 
fertility, industriousness, and i l lnesses of the people of his 
•world were in large measure a result of the waters 
available to them. 
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Although p r o g r e s s in s c i e n c e and m e d i c i n e h a s shown the 
n a t u r e of t h e s e c h a r a c t e r i s t i c s to be v a s t l y m o r e c o m p l e x 
and sub t l e , the inf luence of w a t e r on m a n ' s life and w e l l -
b e i n g r e m a i n s undeniab ly g r e a t . 

Early Water Management 

Man has focused much of his creative ipiagination and 
engineering skill on the management of water supplies. 
Fifty centuries ago the Mohenjo-daro civilization of the 
Indus 'Valley in India enjoyed the benefits of well-designed 
water supply and drainage sys tems, as well as public 
swimming pools and baths. 

Sanskrit writings, said to go back 20 centuries B.C., 
describe several methods for making foul water pure, such 
as boiling or filtration through sand and gravel . Pictures 
on the tomb of an Egyptian king, 12th Century B.C., show 
the use of siphons to car ry off water clarified by precipi ta­
tion. 

This picture on a 12th century B.C. Egyptian tomb shows the use 
of siphons to draw off Nile River water purified by sedimentation. 

And who would know b e t t e r than s a i l o r s , s u r r o u n d e d by 
h u n d r e d s of m i l e s of s a l t w a t e r , the value of the s i m p l e 
p r o c e s s of d i s t i l l a t i o n — b o i l i n g s a l t w a t e r and condens ing 
the s t e a m into p u r e w a t e r ? 
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Desalting of water is not a panacea for all mankind's 
water needs. Every sound approach, every technologically 
feasible means of increasing the supply of potable water 
will be needed to meet the staggering demands of the future. 
Nuclear-powered desalting units will be prominent among 
the methods by which we will obtain large amounts of ad­
ditional fresh water. Fortunately for the world's thirst, 
nuclear power for desalting will be available soon, rather 
than late. 

At the request of the Government of Israel, experts from the 
United Nations Technical Assistance Administration are helping to 
explore and develop that country's water resources. This modern 
rotary drilling rig is being used in the Negev Desert during ex­
plorations for underground water. The drill bit had just been 
brought up from a depth oj 500 meters. 
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Life, Health, and Growth 

In primitive living conditions a minimum of 5 gallons of 
water per day per person suffices, and millions of people 
today still must scoop this amount up from shallow pools 
or foul streams; some must haul it long distances. In 
Madagascar women carry home heavy pails of water, 
balanced on their heads, across miles of hot sands. 
Hollowed-out tree trunks provide an army of small water 
reservoirs in parts of the Sudan. After the trunk has been 
filled with water the opening is sealed with wet clay to 
protect the contents from contamination. 

Somalian women collecting drinking water from puddles after a 
rain. 

But technological societies place an increasingly heavy 
burden upon resources that must provide water not only for 
drinking but also for sanitation, irrigation, production of 
power, and countless industrial operations. 

Huge quantities of fresh water are needed by industry. 
For instance it takes 240,000 gallons of water to produce 
1 ton of acetate, 660,000 gallons to make 1 ton of synthetic 
rubber, and 1,115,000 gallons to derive 100 barrels of 
synthetic fuel from coal. 
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Agriculture is also a tremendous consumer of water. 
From 75 to 100 billion gallons per day are required in the 
United States for irrigation alone. It takes 37 gallons of 
water to make 1 slice of bread, 3750 gallons to produce 
1 pound of beef, and 200,000 gallons to grow 1 ton of alfalfa. 

Simple household uses require more water than most 
people realize. Every time a toilet is flushed, 7 gallons of 
fresh water are used. In a 5-minute shower you draw 
25 gallons, and if you water your lawn for an hour, you 
need 300 gallons. 

ESTIMATED WATER USE IN THE UNITED STATES 

(In billions of gallons daily average) 

Year 

1900 
1910 
1920 
1930 
1940 
1944 
1945 
1946 
1950 
1955 
1960 
1965 
1970 
1975 

Office of Salme 

Total water use 

Water, 

40 
66 
92 

110 
135 
188 
175 
168 
203 
262 
312 
359 
405 
453 

Tlie Department of the Interior 

For all these needs in the United States we presently 
require about 390 billion gallons of fresh water per day, 
or about 2000 gallons per person. Moreover, water use is 
growing at the rate of 25,000 gallons per minute. So it is 
with good reason that even a water-rich country like ours 
views its future water needs and supplies with some anxiety. 
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THE WORLD'S WATER 

Icecaps and 
glaciers 2.15% 

In atmosphere .001% 

Liquid fresh water .63% 

Ground Water 
Less than one 
half mile deep 

(1 mil. cubic miles) 

In Lakes 
(30,000 cubic miles)-

In Surface Soil 
and percolating downward ' 

(16,000 cubic miles)-

In Rivers and Streams 
(300 cubic miles)-

Most of the world's water, as shown in this diagram, is in the 
oceans or the ice sheet covering Antarctica. Most of the water on 
land is underground. The percentage readily accessible in lakes is 
small. One of the goals of the International Hydrological Decade is 
to find ways to exploit underground reserves without depleting 
them. Copyright 1964 by The New York Times Company. Reprinted by permission. 

10 years water scientists all over the world will direct 
their labors toward understanding the complexities of the 
water cycle. 

In the United States a Federal Resources Council will 
investigate all aspects of the water problem and ways to 
solve it. 

President Johnson's request to the Atomic Energy Com­
mission and the Department of the Interior to join the 
growing competence of nuclear power and the advancing 
technology of desalination, is intended to help this nation 
and the world meet water requirements. 
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WHAT WE CAN ACCOMPLISH 

The world 's gathering water-shortage c r i s i s has many 
causes . In only a few specific places can natural aridity be 
blamed. In a reas well endowed with water r e sources man 
has allowed his r i ve r s and lakes to become polluted with 
industrial and municipal wastes . He has not prudently 
guarded his water fortune but has spent it with lavish 
reck lessness , and now finds himself impoverished. 

As an expandmg industrial society and an exploding 
population increase the world 's thirst , all avenues of 
investigation must be followed. 

A verse in the Book of Eccles ias tes in the Old Tes ta ­
ment reads : 

All the rivers run into the sea; 
Yet the sea is not full. 
Unto the place from whence the 

rivers come. 
Thither they return again. 

This simple statement is sti l l t rue as well as beautiful. 
Hydrologists believe, however, that deep underground there 
a r e ancient natural r e se rvo i r s into which little, if any, 
water i s now being returned and from which none is being 
taken. Since these r e se rvo i r s a r e protected from evapora­
tion they could play a vital role in meeting water needs 
if they can be found. 

In the fall of 1965, U. S. government geologists, for 
instance, found a r iver of vast dimensions under the 
eastern par t of the State of Maryland. Tes t dril l ings 
revealed a channel 2 miles long and half a mile wide; there 
were indications that it extends 35 mi les . It i s a buried 
freshwater t r easu re . 

In an attempt to conserve existing water supplies, sc ien­
t is ts also a r e trying to develop a substance that will coat 
the surface of lakes and r e se rvo i r s to prevent evaporation. 
Efforts have also been made to keep heavy runoffs from 
rushing down to the sea, by diverting the water and spread­
ing it over gravel beds through which it will seep into the 
ground to r a i se the water table. 

A concerted international scientific effort, the Interna­
tional Hydrological Decade, began on January 1, 1965. For 
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GROWING CONCERN 

A tremendous volume of water—324 million cubic miles 
of i t — c o v e r s th ree -quar te r s of the globe. As drinking 
water, i t ' s use less to us in its present state because it 
contains 'i'^/^lo salt , and man can only tolerate 0.2%. Beyond 
that, the salt burden is more than human kidneys can 
secre te , and the body becomes dehydrated in i ts efforts to 
rid itself of the excess . The purer the water the better, 
although our taste buds do not agree- Absolutely pure 
water is tas te less , and most people prefer to drink water 
with some slight mineral content. 

In 1000 communities in the United States alone, the water 
supply IS "brackish" , and, though in some cases the salt 
concentration is within body tolerance, the water tas tes 
harsh and bi t ter . Residents of these areas have to t ransport 
potable water long distances or purchase bottled drinking 
water . 

WATER QUALITY TABLE 

Fresh Water containmg less than 1000 dissolved 
parts of salt per million parts of water 
(ppm) * 

Bracki&h Water rangmg fi om 1000 ppm up to the 
dissolved salt content of seawatei 

mildly brackish—1000 ppm to 
5000 ppm 

moderately brackish—5000 ppm to 
15,000 ppm 

heavily brackish—15,000 ppm to 
35,000 ppm 

Seawatei Water containing appioxiniately 35,000 ppm 
Bime Water containing more dissolved salt than 

seawater, such as the Great Salt Lake or 
the Dead Sea 

*ppm means parts per million. 
Office of Salme Water, The Department of the Interior 

After World War II this country 's expanding industrializa­
tion and explosive growth in population made heavy demands 
on water supplies. The evolving water problem was seen by 
some farsighted legislators as ser ious enough to warrant 
Federal Government research into the possibility of eco­
nomically converting saline or brackish soui ces to potable 
water . 
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Some Congressional interest was aroused, but it was not 
until 1952 that Congress passed a bill authorizing the 
expenditure of $2 million in a 5-year program to produce 
quality water from brackish water or seawater. The bill 
enabled the Secretary of the Interior to establish the Office 
of Saline Water within the Department of the Interior. The 
program was later extended to June 1963, with the funds 
increased to $10 million. 

Seated at his desk in the 
White House, President 
Kennedy pressed a button 
m.ade of magnesium extracted 

from seawater to start fresh 
water flowing from the de-
sal ting plant in Free port, 
Texas, on June 21, 1961. 

Under a bill sponsored by Senator Clinton P. Anderson 
of New Mexico and passed by Congress in 1958, the Office 
of Saline Water was authorized to build five or more saline 
water conversion plants to demonstrate the most promising 
techniques. 

Shortly after he took office in 1961, President John F. 
Kennedy pledged his administration to redouble desalting 
efforts. Submitting to Congress a bill to expand and extend 
the saline water conversion program, the late President 
said, "Water — one of the most familiar and abundant com­
pounds on the earth's surface — is rapidly becoming a 
limiting factor on economic growth in many areas of this 
nation and the world. As time goes on, more and more 
communities will be faced with the prospect of economic 
distress and stagnation unless alternative sources of 
suitable water are developed. 
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fellowships to bring qualified trainees from other lands to 
study desalting methods in the United States. 

After signing the agreement with Mexico before delegates 
to the First International Symposium on Water Desalina­
tion held in Washington on October 7, 1965, President 
Johnson said, "The United States is prepared to contribute 
its share of the resources needed for an international crash 
program to deal with world water resources. We ask other 
nations to join us in pursuit of a common objective. 

"Since the beginning of time, fresh water has always been 
one of humanity's most precious needs. For it many wars 
have been fought throughout history. Without it whole 
civilizations have vanished from the earth. 

"Now, we of this generation have an opportunity to put an 
end to all of that. Our generation realizes that we have the 
power. It is the power of science. But if we are to use that 
power effectively we must use it together. 

"The Earth's water belongs to all mankind. Together we 
just must find ways to make certain that every nation has 
it in full share and that there is really enough of it for all 
nations." 

On October 7, 1965, the 
United States and Mexico 
signed an agreement to 
study the feasibility of 
building a nuclear-power 
desalting plant to serve 
portions of both countries. 
Left to right are Hugo Mar-
gain, Mexico's Ambassador 
to the U. S., Glenn T. Sea­
borg, Chair man of the 
USAEC, President Lyn­
don B. Johnson, and the late 
Nabor Carrillo Flores of 
the Mexican Nuclear En­
ergy Commission. 
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spreading in a northeasterly direction. Southern Tunisians, 
especially young people, a r e migrating northward. The 
Tunisian government i s considering development of an 
industrial complex in southern Tunisia that would provide 
a demand for electr ical power and water based on a sizeable 
dual-purpose nuclear-power plant. The industry would 
stabilize the economy and r eve r se the flow of population. 

In November 1964 the United States and the Union of 
Soviet Socialist Republics signed an agreement to cooperate 
in desalting, including methods that use atomic energy. The 
agreement provides for exchange of scientific accounts, 
repor t s , and other documents. It calls for the organization 
of regular symposia and scientific meetings and provides 
that the International Atomic Energy Agency will receive 
copies of all repor ts and other documents that originate 
in the meetings, which appropriate member nations of the 
IAEA also will be invited to attend. 

The U.S.S.R. now has a 1.5-million-gallon-per-day de­
salting unit that converts brackish water at Shevchenko, a 
new city on the ar id eas te rn shore of the Caspian Sea. 
Construction of a dual-purpose plant using a nuclear heat 
source is also underway there . According to a Soviet r e ­
port, this plant may incorporate the country 's f i rs t large 
breeder reac tor . It will supply approximately 350 megawatts 
of power and possibly 30 to 40 million gallons of fresh 
water per day. In Russia, nuclear desalting plants may 
also be built in the Donets Basin, an important industrial 
dis tr ict that will have a water deficit by 1970. A third 
potential a rea of the U.S.S.R. for nuclear-powered desalting 
plants is the deser t of central Kazakhstan and other par ts 
of central Asia. 

The United States to Help 

By means of joint undertakings, such as those with Israel 
and Mexico, and agreements , such as that with the U.S.S.R., 
the United States has made clear that it wishes to share i ts 
capability in water purification with the r e s t of the world. 
The United States has offered to provide experts to the 
International Atomic Energy Agency to a s s i s t in i ts nuclear-
desalting activit ies, to provide orientation visits for IAEA 
staff workers to U. S. facilities, and to establish grants and 
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"I t is essential , therefore, that we make every effort at 
this time to search for low-cost processes for converting 
sea and brackish water into fresh water to meet our future 
water needs and those of our neighbors throughout the 
world. I know of no Federal activity that offers greater 
promise of making a major contribution to the ultimate 
economic well-being of all mankind than this program."' 

In 1961 Congress passed the Anderson-Aspinall Act, 
named for its cosponsors, Clinton P . Anderson, the New 
Mexico Senator, and Representative Wayne N. Aspinall of 
Colorado. This new act authorized expenditures of $75 
million for fiscal years 1962 through 1967 and placed heavy 
emphasis upon the importance of an expanded basic and 
applied resea rch program. A 1965 amendment extended the 
program through 1972 and provided additional funds. 

Call for Action 

In 1964 President Lyndon B. Johnson, whose interest in 
water purification began during his early days in the 
Senate, provided the spur for a new, accelerated desalting 
effort. The President asked the Department of the Interior 
and the Atomic Energy Commission to prepare a plan for 
an aggressive and imaginative program to advance la rge-
scale economic desalting of seawater . 

Plans to construct a nuclear desalting plant in California were an­
nounced m August 1966 by (from lejt) AEC Commissioner James T. 
Ramey, Secretary oJ the Interior Stewart L. Udall, Mayor Samuel 
Yorty oJ Los Angeles, and Joseph Jensen, Board Chairman of the 
Metropolitan Water District of Southern California (see page 16). 



TECHNOLOGY AT THE CROSSROAD 

President Johnson's decision to put real "push" behind a 
desalting program came at a strategic time not only in 
terms of the nation's growing water needs but also m 
relation to the technologies essential to large-scale purifi­
cation efforts. 

On August 11, 1965, President Johnson addressed a group assem­
bled for the signing of the amendment that expanded the Anderson-
Aspinall Act of 1961. Directly behind the president m the front row 
are (left to right) Senator Clinton P Anderson and Representative 
Wayne N. Aspinall. On the far left of the photograph is Stewart L. 
Udall, Secretary of the Interior 

Since its founding in 1952, the Department of the Inte­
rior 's Office of Saline Water had fairly well defined the state 
of the technology, investigated a number of desalting tech­
niques, and stimulated the interest of many scientists and 
engineers m water-desalting problems. Much research had 
reached a critical point requiring an intensified development 
effort to bring it to successful conclusion. 

For almost the same length of time the Atomic Energy 
Commission, with the cooperation of Congress and Ameri­
can industry, had been developing nuclear power plants to 
serve as sources of energy for the production of electricity. 
From 1954, when the nation's Atomic Energy Act was 
amended to permit expanded participation in atomic devel­
opment by private companies, nuclear power plants were 
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sibil i t ies for a lOO-miUion-gallon-per-day nuclear-powered 
desalting plant that also will produce 200 megawatts of 
electricity. 

The United Arab Republic is interested m installing a 
nuclear power and desalting plant to produce 150 mega­
watts of electrici ty and 5 million gallons of water per day 
at Borg El Arab, near the Mediterranean Sea. This a rea 
receives only about 6 inches of rainfall annually. The plant 
would be used m a pilot project to determine the most 
efficient use of desalted water for agricultural purposes, 
principally the cultivation of olives. A team of special is ts 
from the International Atomic Energy Agency* and the 
U S. consulted with officials of the U A.R in 1965 con­
cerning this proposal. 

Mexico IS 60% a n d . The portion close to the California 
border is developing rapidly, and an aqueduct over 160 
miles long has been planned to supply 25 million gallons of 
water per day. Since the area has over 5000 miles of coast­
line the Mexican government is interested in the possibility 
of building a dual-purpose nuclear desalting plant. With the 
cooperation of the International Atomic Energy Agency, the 
governments of Mexico and the United States have agreed to 
examine the feasibility of installing a large nuclear combina­
tion power-desalting plant on the Gulf of California to meet 
the needs of both countries in that region. (See photo on 
page 43.) 

Tunisia, in North Africa, is already in desperate need 
of water. Its 4.2 million people suffer from a cr i t ica l 
shortage. Humans need about 1.25 l i t e r s (1.3 quarts) of 
water per day each as a minimum requirement . Although 
a salt content of 2.5 grams (0.09 ounce) per l i ter (1.05 
quarts) is usually not considered unpalatable, the U. S. 
Public Health Service says that drinking water should not 
contain more than 0.5 gram per l i ter . The saline content of 
water in southern Tunisia var ies from 1.5 to 7 g rams per 
liter and in some places is as high as 24 grams per l i ter . 

The extreme shortage of fresh water goes hand in hand 
with a low grade of agriculture, and in spite of conserva­
tion efforts by the government, the Tunisian a n d zone is 

*The International Atomic Energy Agency is a United Nations 
organization to promote peaceful uses of atomic energy. Its head­
quar ters is Vienna. 
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designed, prototypes tested, and finally large plants built 
that could satisfy the demands of the electric util i t ies for 
commercial power. 

Nuclear power plants already under construction or 
firmly planned are expected to produce power at pr ices 
competitive with those of fossil-fuel plants in many areas 
of the United States. The nuclear plants have the capacity 
range of 400,000 to over 1,000,000 kilowatts and are ex­
pected to produce power for about 2.5 to 5 mills* per 
kilowatt-hour. From this point forward spectacular growth 
in the nuclear power industry is anticipated. Sixteen plants 
with a capacity of nearly 2.5 million kilowatts are now in 
operation or soon will be, and over the next 13 years 
power authorities predict this figure will increase at least 
40 t imes over. By 1980 the nation is expected to have a 
nuclear generating capacity of about 150 million electr ical 
ki lowatts .! 

Joining Forces 

Could the burgeoning technologies of nuclear power and 
water desalting be joined to help solve civilization's im­
mediate and projected needs for potable water"? The idea 
was not entirely new. 

In 1959 plans for a small seawater distillation plant 
utilizing a nuclear heat source were made by the Depart­
ment of the Interior and the Atomic Energy Commission as a 
joint project. The plan called for the use of an experimental 
process heat reactor coupled to a mill ion-gallon-per-day 
demonstration seawater distillation facility. 

Unfortunately, it was difficult to find the proper site for 
the reactor portion of the plant, and the joint venture was 
abandoned. However the Department of the Interior went 
forward with i ts par t of the plan and a highly successful 
distillation plant was built in San Diego, California. This 
IS the same plant that in 1964 was dismantled and r e a s ­
sembled at Guantanamo Bay, Cuba. 

The uprooted San Diego unit was one of the plants built by 
the Office of Saline Water to demonstrate the different, 

*A mill IS equal to Vjo of 1 cent 
tPower IS measured in electrical watts, heat in thermal watts 
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In 1964 the Cuban government shut off the water supply to the 
Guantanamo Naval Base Since construction of a new desalting 
plant would have taken 3 years, the U S Government decided to 
move a desalting plant already m operation mSan Diego 3600 miles 
to Cuba Above, the San Diego plant before it was disassembled 
Below, the plant as rebuilt at Guantanamo Opposite, the plant 
being loaded Inset shows the flash chamber and condenser aboard 
ship The dismantling, shipping, and reassembly uas accomplished 
m 5 months w 

•,<*..^^ •: 

Enormous technical advances have been made in both 
nuclear power and desalting over the past decade. It is 
reasonable to expect, therefore, that the accelerated pro­
gram that began in 1964 will produce new improvements 
that will have pronounced effect on the economics of 
desalting. 

AROUND THE WORLD 
No detailed study of worldwide water requirements 

exists , but in 1964 the United Nations published the resul ts 
of a survey of 43 countries entitled Water Desalination in 
Developing Countries It found that there a r e about 20 
a reas of the world that need desalting and 41 others 
that may soon. Since there is usually only sketchy informa­
tion regarding unused water supplies that might supplement 
those now being tapped, i t ' s often difficult to know whether 
desalting is an absolute need in a specific country or 
whether other undiscovered resources await development. 

Already there a re numerous desalting plants in operation 
in many par ts of the world. Many of these a r e in Africa, 
some in Asia, some in the Caribbean and Latin America, 
and a few in Europe. The majority a re owned by individual 
companies and are used to meet the water needs of their 
industrial p rocesses and their personnel . Many produce 
quite small amounts of water . 

The largest single desalting plant, producing 2 63 million 
gallons per day, is at Key West, Florida At Shuwaikh in 
the oi l -r ich kingdom of Kuwait there are several govern­
ment-owned desalination units at one site with a total 
capacity of 10 million gallons per day Other desalting 
installations with capacities of a million or more gallons 
pe r day are in Qatar, also on the Pers ian Gulf, the islands 
of Curago and Aruba off the coast of Venezuela, the 
Bahamas, Italy, Saudi Arabia, Holland, the Canary Islands, 
Malta, and Tijuana, Mexico 

To prevent lack of water from acting as a brake on the 
growth of its economy, Israel has been exploring all pos­
sible ways for desalting seawater . When I s rae l ' s f resh­
water supplies a r e fully developed the nation will still 
only be able to meet projected demands through 1970. The 
United States and Israel a r e jointly studying the pos-
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several nuclear reac tors in a single installation, with a to ­
tal capacity as high as 25,000 thermal megawatts, could be 
in operation. A plant like this would produce 5950 electr ical 
megawatts at 1.6 mills per kilowatt-hour and 1,300,000 
gallons of water per day at 19^ per thousand gallons. 

INTEGRATED PLANTS • 

Electrical Capability 
(If only power) 

Electrical Output 
(When integrated) 

Capital Cost 
Annual Fuel Cost 
Water Plant Capacity per Day 

Fossil Fuel 

226,000 kw 

125,000 kw 
$29,000,000 
$ 7,200,000 

38.3 Million Gal 

Nuclear ^ 

280,000 kw 

125,000 kw 
$58,800,000 
$ 5,420,000 

69 Million Gal 

CONVENTIONAL COSTS-125,000 KW 

Capital $18,800,000 
Annual Fuel Cost $ 3,850,000 

WATER PLANT COSTS 

$30,000,000 
$10,200,000 

$53,800,000 
$40,000,000 

Capital-Water Plant 
Capi ta l - Power Plant 

Total Capital for Water 

Annual Capital for Water@10% 
Annual Fuel for Water 
Operating Costs for Water 

Total Annual Costs 

Water Production-1000 Gal/Yr 
^/lOOO Gal 

Reproduced with permission from Fresh Water from Saline Waters, 
Philip Sporn, Pergamon P r e s s , 1966. 

$40,200,000 

$ 4,020,000 
3,350,000 
1,220,000 

$ 8,590,000 

13,300,000 
65(; 

$93,800,000 

$ 9,380,000 
1,570,000 
2,440,000 

$13,390,000 

23,900,000 
50( 

Water and power costs vary widely, as do interest r a tes 
on capital, water-conveyance charges , and labor and land 
p r i ces . Each case must be considered individually in es t i ­
mating cost. For instance, it is possible that in some 
communities the power plant and the water-production plant 
will be owned separately and the reactor-heated steam for 
distillation will be sold by the power company to the water 
company. In this case fixed charges might differ from 
those in other ci t ies . 
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promising processes for water conversion. The plant was 
producing 1.4 million gallons of water per day at approxi­
mately $1 per thousand gallons, which is about three t imes 
the cost usually regarded as economic. Demonstration 
plants, however, a re not expected to achieve the economy 
and efficiency possible in second- and third-generation 
operating facilities. The San Diego plant was successful 
since it did acceptably demonstrate a promising technique, 
and is still doing so in Cuba. 

The Time Is Right 

With the improvement of nuclear r eac to r s as sources for 
the production of electr ical energy, and their increasing 
acceptance by util i t ies and the public, interest was again 
stimulated in the possibility of dual-purpose nuclear-power 
and water-production plants. 
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A 1962 report , by Dr. R. Phillip Hammond and his a s ­
sociates at the Atomic Energy Commission's Oak Ridge 
National Laboratory, advanced the thesis that very large 
reac to r s coupled to very large desalting facilities could 
economically produce quantities of electric power and fresh 
water from the sea . This repor t at tracted the attention of 
the Pres ident ' s Officeof Science and Technology. Dr. Je rome 
Weisner, director , appointed a group of experts to evaluate 
Hammond's findings. 

The group said, "Although we a r e less optimistic than 
Oak Ridge National Laboratory we have confirmed the e s ­
sential validity of the ORNL conclusion—that relatively 
low-cost fresh water can be obtained with very large scale, 
dual-purpose operations where there is a sufficiently large 
market for electr ic power, and that nuclear energy plants 
appear to have better economic potential in these very 
large s izes than fossil-fueled plants" . 

Artist's conception of a nuclear-powered seawater-conversion 
plant that would produce 1 billion gallons of fresh water per day 
and 4,500,000 electrical kilowatts of power. Three natural ura­
nium reactors would generate steam, which would operate the 
turbogenerators to produce electricity. The steam would then 
travel through a flash evaporator plant converting the seawater 
to pure water. 

The survey will include studies of costs incurred in the 
original purchase, replacement, and repai r of plumbing 
fixtures, household appliances, and municipal water t rea t ­
ment and distribution facilit ies. The needs of industry for 
high-quality water will also be investigated as will the 
economics of blending desalted water with brackish water 
for municipal purposes . 

Economics of Large-Scale Desalting 

The Pres ident ' s message further emphasized the need 
for la rge-sca le desalting plants for a reas such as the 
Pacific Southwest. This is the first large water-shor t a rea 
where desalting is being given specific consideration. 

Two factors that a r e vital in combined power generating 
and distillation plants a r e the cost of fuel and the capital 
cos ts . In large plants nuclear power becomes competitive 
with "conventional" power (that generated by non-nuclear en­
ergy sources) . Fuel costs a re lower for nuclear reac tors 
and the relatively high capital cost of nuclear plants does 
not increase proportionately with s ize . This is expected to 
become increasingly true as nuclear technology provides 
improvements and as supplies offossil fuels a r e diminished. 

Cost comparisons between a 125,000-kilowatt fossil-fuel 
plant and a nuclear-power desalting plant of equal capacity 
are made in the chart on page 38. The cost of a s ingle-
purpose conventional power plant producing the same amount 
of electricity is also shown. (For this calculation, de ­
salting is assumed to be by flash distillation.) 

Note the enormous advantage in fuel costs of the nuclear 
plant, even though it generates the same amount of power 
and almost double the amount of water. Annual fuel costs 
for nuclear power a re only $5.42 million as against 
$7.20 million in fossil fuel. And the nuclear plant could 
produce water at 56^ per thousand gallons whereas the 
fossil-fueled plant price would be 65^ per thousand gallons. 

In a 1964 report , the (Dffice of Science and Technology 
estimated that by the mid-1970s a large dual-purpose 
plant could produce 1000 to 1500 megawatts of electricity 
at a cost of 2.3 to 2.5 mil ls per kilowatt-hour and 500 to 
800 million gallons of water per day at a cost of 20^ to 
25^ per thousand gallons. By the 1980's, plants embodying 
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Thus when President Johnson requested that the two 
agencies prepare an aggressive and imaginative program, 
he also requested that the plan propose "an optimum 
strategy and time schedule for relating nuclear-power 
technology to the development of large scale desalting 
technology". 

In his message to the Third International Conference on 
the Peaceful Uses of Atomic Energy in Geneva in August 
1964, President Johnson said, "The time is coming when a 
single desalting plant powered by nuclear energy will 
produce hundreds of millions of gallons of f r e shwa te r — 
and large amounts of electricity — every day." 

NUCLEAR POWER'S CONTRIBUTION 

All processes for making potable water from saline water 
consume energy, and it doesn' t matter whether that energy 
comes from a fossil-fuel-burning plant or one that uses 
nuclear fuel. The choice of a heat source can therefore be 
based upon economic considerations, and it has been found 
that nuclear power is the more economical alternative 
in large s izes . 

Currently the most promising process for la rge-sca le 
production of fresh water — 50 million gallons per day or 
over — is distillation. This system requires quantities of 
low-temperature steam, and one of the places that s team of 
this temperature can be found is in the turbines of modern 
thermoelectr ic power plants. 

In these plants high-temperature steam is produced to 
turn the large turbogenerators that generate electr ical 
power. As the steam passes through the turbine i ts t em­
pera ture decreases until a point is reached where it is low 
enough so that it might be used for saline water dist i l la­
tion. Thus, the s team used to generate electrici ty could 
also be used to provide energy to the water plant. 

Plant economics a re enhanced by using the higher tem­
pera ture energy for power generation and the lower tem­
pera ture exhaust steam for desalting. By combining the 
two processes (power generation and desalting) in one 
plant, la rger heat sources can be used, requiring lower unit 
capital investments. In dual-purpose plants important i tems 
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of equipment and facilities (such as water intake and d i s ­
charge lines, control rooms, maintenance shops, etc.) 
could be shared to provide significant cost savings. 

It is axiomatic that the lower the price of the energy used 
in a water conversion process the lower the price of the 
water produced. The least expensive source of energy is 
therefore the preferred one for that p rocess . In consider­
ing large plants, nuclear energy power sources become very 
attractive because the long-term cost of nuclear fuel is 
expected to be lower than the cost of most fossil fuel. 

A nuclear reactor is a furnace that "burns" atomic fuel, 
such as uranium or plutonium. Instead of combustion, which 
takes place when coal or oil is ignited, the process by which 
heat is released from the atoms of uranium fuel is known 
as fission. Fission occurs when a subatomic part icle called 
a neutron s t r ikes an atom, causing it to split into two par ts 
and at the same time releasing tremendous amounts of 
energy in the form of heat. As an atom is split, two or three 
more neutrons a r e se t free, and if there i s a sufficient 
amount of fissionable ma.teri2il close-by this p rocess will 
continue in what is called a chain reaction. 

In a nuclear reactor this chain reaction is controlled. 
The neutrons a re slowed down by a mo^/era^or, possibly 

PARTS OF A REACTOR 

Control rods 

Moderator 

Pressure vessel 

Reactor core 
uranium fuel 

Shielding 

Coolant 

-^ Coolant out 

— Coolant in 

Coolant passage 
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How Much Does Water Cost? 

The price of water is a relat ive thing. Where water is 
naturally plentiful the cost is low. In many communities 
its delivery is subsidized by governmental units, so the 
pr ice per thousand gallons does not always reflect i ts t rue 
cost. Where water i s plentiful, consumers can pay as 
little as 15<f per thousand gallons, but in water-shor t a reas 
the charge may run to $1 or more . 

Before 1959 when it became the f irs t municipality to op­
era te i ts own desalting plant, the City of Coalinga, Califor­
nia, was importing fresh water by railway tank car for $7 
per thousand gallons. Now i ts e lectrodialysisplantproduces 
28,000 gallons per day, or 5 gallons per resident, at $1.45 
pe r thousand gallons. It supplies water only for drinking and 
cooking, and the remainder of the town's needs a re met by 
brackish water. In 1965 Coalinga passed another desalting 
milestone by putting into operation the f irs t r eve r se 
osmosis unit. It produces 6000 to 7000 gallons per day. 

In 1962 Buckeye, Arizona, became the f irs t town to 
have all its water supplied by its own electrodialysis de­
salting plant. The unit in Buckeye, 34 miles west of Phoenix, 
turns out 650,000 gallons of fresh water daily. The cost is 
about 60<? per thousand gallons. 

Because i ts salt content is greater , the cost of purifying 
seawater is higher than for brackish water. In 1952 the 
cost of converted seawater was estimated at $4 to $ 5 per 
thousand gallons. Now the cost has gone down to about $1 
per thousand gallons. And technical methods are now 
available to bring it down to about 20^ to 30^ per thousand 
gallons in large plants. 

President Johnson's request was for desalting methods 
that will provide pure water economically. As has been 
noted, the scarci ty of water determines the pr ice u se r s a r e 
willing to pay and therefore what is economic. It is impos­
sible to calculate the most economical price for desalted 
water in various par ts of the country until more informa­
tion is available on present costs of water, costs of new 
water resources , and pricing policies used in water devel­
opment and distribution. The Office of Saline Water i s 
undertaking a survey to obtain this information. 
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hundred feet as a resul t , and the situation in some places 
IS cr i t ical . 

The Colorado River is the principal source of water 
for the entire Pacific Southwest. Approximately 1,100,000 
acre-feet* of Colorado River water is delivered to the 
southern California coastal a rea annually. Desalting plants, 
constructed on the coast, could provide new sources of pure 
water to supplement that available from the Colorado 
River. 

Coastal a r eas requiring large supplies of water, and 
capable of using additional large supplies of power, a r e 
the logical s i tes for the big dual-purpose nuclear-powered 
distillation plants proposed. The Metropolitan Water Dis t r ic t 
project, described on page 16, will probably be the first of 
these. Large plants might also provide auxiliary water in 
the Northeast, which periodically suffers from a drought 
condition such as that in the Connecticut-New Y o r k -
New Jersey a rea from 1962 through 1965. 

Another potential application for l a rge-sca le desalting 
may be in the highly industrialized section of the Texas 
Gulf coast. If additional sources of water a re not devel­
oped soon, the a rea from Houston to Corpus Christi is 
expected to experience cr i t ical shortages 

Soon the semiar id south coast of Puerto Rico will also 
requi re substantial additional water if economic develop­
ment IS to proceed as planned. Approximately 50 million 
gallons per day will be required by 1980. 

A survey made for the American Water Works Associa­
tion shows that over 1000 United States communities a re 
using brackish water. Several ci t ies , such as Coalinga, 
California, Buckeye, Arizona, and Port Mansfield, Texas, 
have invested in their own desalting plants to improve and 
bring down the cost of potable water. 

*One acre-foot is the amount of water that would cover one 
acre of ground to a depth of one foot, or 325,893 gallons. 
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graphite or heavy water,* to a speed at which they are most 
likely to collide with other fuel atoms. Another major 
reactor component is the coolant, which is now usually light 
water, but which could be heavy water, liquid metal, or 
even a gas, such as helium or carbon dioxide. It flows 
through or around the fuel core to remove the heat gen­
erated by the fissioning a t o m s . ! 

In a nuclear power reactor the fuel core is so arranged 
that the fission will generate very high tempera tures — the 
grea te r the heat the more efficient a power source the 
reactor becomes. This heat is carr ied away by the coolant. 
A number of power reactor concepts include a secondary 
heat t ransfer system so that the coolant can give up its 
heat to produce high-temperature steam for use in gen­
erating electricity or in an industrial p rocess . 

For Early Desalting 

Most existing U. S. r eac to r s , and those nowbeingordered 
by utility companies, are of the boiling-water or p r e s ­
sur ized-water type. They are available in ranges up to 
about 1000 electr ical megawatts and will generate e lec­
tricity at a cost as low as about 2.5 mills per kilowatt-
hour. 

Dual-purpose electr ic-power and water-desal t ing plants, 
using these proven light-water reac to rs , could be brought 
into operation by the early 1970s. There has been limited 
experience in constructing or operating nuclear power 
plants coupled to desalting units, so careful analysis and 
study will be needed to avoid mismatch of one process or 
system with the other. While there appear to be no great 
technical obstacles in the coupling, attention will also have 
to be paid to the operating character is t ics of a combination 
plant to tailor i ts output to the needs for both power and 
water . 

* Heavy water is water containing deuterium atoms in place of 
some ordinary hydrogen atoms, it is effective in slowing neutrons. 
To distinguish it, ordinary water is sometimes known as "light 
water" 

tFor more information on reactors, see Nuclear Reactors, a. 
companion booklet in this series. 
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Dual-Purpose Plant Studies 

A study, made in 1964 by the Catalytic Construction 
Company of Philadelphia under contract to both the Office 
of Saline Water (OSW) and the Atomic Energy Commission 
(AEC), investigated the economics of dual-purpose plants 
of 200 to 1500 thermal megawatts. In nearly all cases it 
was found that where size, energy source, power sa les , and 
capital investment charges a re comparable, water is 
produced more cheaply in dual-purpose plants than in 
single-purpose ones. 

In another study, AEC and OSW asked the engineering 
consultant firm of Burns and Roe to investigate the poten­
tial use of a dual plant to provide fresh water to Key West, 
Florida. Water, which is in short supply there, now comes 
through an overloaded 128-mile aqueduct from the main­
land. The company found that a dual-purpose nuclear-
powered distillation plant was a possible solution to the 
a r e a ' s needs. 

The AEC and the OSW also cooperated with the Metro­
politan Water Distr ict of Southern California (MWD) in 
supporting a study, by the Bechtel Corporation, of a large 
nuclear-power desalting plant on the California coast. 
Based on the favorable conclusions of this study, a co­
operative project was authorized for participation by the 
AEC, OSW, MWD, and the electr ic utilities serving the 
area . The plant, when completed in 1973, will have an 

Model of the Southern California nuclear-power desalting plant. 

In addition, the OSW expects to build prototype plants 
when new or improved techniques require demonstration. 
Among these may be the 150-million-gallon-per-day mult i ­
stage distillation and nuclear power plants proposed by the 
Metropolitan Water Distr ict of Southern California. 

The OSW also now operates a desalting test center on 
the West Coast where full-scale components will be sub­
jected to conditions approximating those in the finished 
plant. 

WATER NEEDS IN THE UNITED STATES 

A 1963 repor t by the Federal Council for Science and 
Technology cited regions within the United States where 
projected water requirements will approach the limit of 
available supplies by the year 2000. Listed were the 
Pacific Southwest, the upper Colorado Basin, the western 
Gulf, the upper Missouri, the Rio G r a n d e - P e c o s Basins, 
and the Great Basin. In some of these, part icularly the 
Pacific Southwest, large quantities of additional water will 
be required well before that year , if res t r ic t ions on 
economic development and population growth are to be 
avoided. 

Three distinct water-use a reas can be identified in the 
Pacific Southwest. They are the southern California coastal 
region where water is used pr imari ly for municipal and 
industrial purposes, Arizona where water is used for 
municipal, industrial, and agricultural purposes, and the 
interior of southern California where most available water 
i s used for agricul ture. 

Water - resource planners generally agree that the pr in­
cipal decisions on future water supply for the coastal a rea 
of southern California should be made by the mid-1970s. 
Desalting plants may provide the most economical source 
of water for this a rea . 

Much of the existing inland deficiency is being met now 
by "mining" groundwater, that i s , by pumping from deep 
wells. In the interior valleys of southern California and 
Arizona, groundwater tables (the underground levels at 
which fresh water lies) have dropped as much as severa l 
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FREEZE SEPARATION 

Vapor — » -

Seawater 

Heat 
exchanger -

To Meet the Need 

It i s important to keep in mind that no single water -
conversion process can be applied universally. Each con­
version plant must be designed to take advantage of the 
cheapest source of energy found at i ts par t icular locale, 
the available labor, and the geography of the s i te . As r e ­
search proceeds it is possible that some techniques will be 
discarded, additional emphasis placed on others , and entirely 
new approaches discovered. 

Therefore the Office of Saline Water conducts a broad 
program that aims at advancing the technology of water 
desalting. The goal is to ensure that techniques will be 
available everywhere within the next decade to meet 
municipal and industrial requirements for high-quality 
water. 

In support of a program of this magnitude, the OSW has 
plans to continue and enlarge the basic r e sea rch effort it 
now has underway, augment it by applied r e sea rch ap­
plicable to large distillation plants, and develop and test 
promising i tems of equipment. 
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Experts studying model of the MWD plant in a 90 '>< 130 foot tank to 
determine the effects of ocean waves on the man-made island. 

initial water capacity of 50 million gallons per day and 
generate 1,800,000 kilowatts of electricity. Additional ca­
pacity can be added la ter to produce a total of 150 million 
gallons per day—enough for a city of about 750,000. The 
power output will exceed that of Hoover Dam, or enough 
for a city of about 2 million. 

Two large conventional light-water nuclear reac tors , of 
about 3000 thermal megawatts each, will be the energy 
source. The water plant will consist of three large multi­
stage flash distillation sections, each producing 50 million 
gallons of water per day. Due to the high price of coast 
property, a man-made island will be constructed about 
3000 to 4000 feet offshore in water 25 to 30 feet deep. 
This first U. S. island site will have approximately 45 
ac res in usable surface area and will be connected to the 
shore by a causeway. The plant will be about 30 t imes 
l a rge r than the largest existing water-desalt ing plant. 
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The Civilian Nuclear Power Program 

One of the important objectives of the AEC's civilian 
nuclear power program has been the improvement of 
reac tors for the generation of economic electric power.* 
This goal is nearing realization in the United States. But 
the benefit society may expect from nuclear power plants 
does not stop there . The AEC expects to perfect for com­
mercia l use other, more economic c lasses of reac tors — 
one of which is the advanced converter. A converter is a 
nuclear reactor that produces one kind of fuel as it con­
sumes another. 

Development of advanced converters will not only lower 
the cost of power and increase the utilization of nuclear 
fuel but also will add to the technology of a third class of 
reac tors called "fast b r eede r s " . As the t e r m implies 
these r eac to r s make or " b r e e d " more fuel than they 
consume. 

All reac tors produce some fissionable mater ia l while 
they a r e operating, in addition to consuming some. The 
advanced converters change la rger quantities of fertile 
mater ia l (uranium-238 or thorium-232) into fissionable 
mater ia l (uranium-233 and plutonium-239) than do present-
day r eac to r s . Breeders will have the remarkable ability 
to produce more fuel than they consume, enabling man to 
tap a virtually endless source of energy. 

The Federal Power Commission has estimated that by 
1980 the United States Avill requi re almost three t imes the 
electrical energy that was produced in 1964. That is a 
staggering expansion, and we will need all our sources of 
energy—coal , oil, gas, hydroelectr ic, and nuc l ea r—to 
satisfy that demand. Much work remains to be done on 
development of breeder reac to rs , but it is hoped that 
economic fast b reeders can be operating by the late 1980s. 

*For more information on using atomic energy m electric power 
production, see Nuclear Power Plants, another booklet in this 
s e r i e s . 
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Although much re sea rch remains to be done, resul ts so 
far have been highly encouraging. The OSW plans to build 
an experimental 50,000-gallon-per-day osmosis plant in 
1967 to use brackish water. After this prototype is success ­
fully operating, improved design and components may permit 
construction of more efficient, la rger modules for opera­
tion with seawater . 

Freeze Separation 

Like distillation, freezing also emulates nature; it r e ­
moves heat to separate the water from the salt . (See 
diagram on page 32.) It takes less energy to freeze s ea ­
water than to evaporate it, and this makes the technique 
attractive. Its main disadvantage lies in the tenacity of the 
brine film that adheres to the crysta ls of pure water and 
must be removed. The Office of Saline Water now oper­
ates a 100,000-gallon-per-day freezing plant. 
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A membtane divides a tank containing fresh watet on one side and 
salt uater on the other (1) The fresh water tends through the nat­
ural force of osmosis, to move through the membrane and dilute 
the solution on the other side (2) If you put a pipe over the salt 
water tank, the moving fresh water will fill the salt side and move 
up the pipe until the counteracting force of water pressure halls it 
(3) In reverse osmosis a pressure of at least 350 pounds per 
square inch is provided on the side of the lank containing the salt 
water Now the water passes from the salt side to the fresh leaving 
both dissolved and solid )naterial behind 

However, if the saline water i s subjected to p re s su re 

greater than the natural osmotic force, the process is 

reversed . Water in the brine is forced through the mem­

brane to the freshwater side, leaving the concentrated 

sa l t s behind. 

The r eve r se osmosis process holds hope of significantly 
reducing the cost of converting saline water, because it is 
inherently simple and requires little energy. Improvement 
of the process depends to a large degree on the develop­
ment of suitable membranes . Very little is understood 
concerning membrane s t ruc ture , ion- t ranspor t mechanisms, 
or even how to fabricate membranes Little i s known, too, 
about membrane lifetime, optimum p re s su re s for operation, 
boundary layer limitations, and p ressu re effects on ma­
te r ia l s . 
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The San Onofre Nuclear Generating Station, 
developed under the AEC's civilian nuclear 
power program, began commercial operation 
m 1967 Located on the coast of Southern 
California two miles from San Clemente and 
about 60 miles north of San Diego, the plant 
incorporates a pressurized-water reactor 
with 430,000-net-electrical kilowatt capacity 
It IS owned and operated by the Southern Cal­
ifornia Edison and San Diego Gas and Elec­
tric companies The AEC supported the re­
search and development for this plant and 
will obtain data from it relating to design, 
construction and operation of large pressur­
ized-watet reactors The plant is expected 
to produce electricity more cheaply than 
conventional generating stations m the area 
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AEC's Desalting Plan 

It can be seen that the AEC's contribution to the desalting 
program will r e s t heavily on the technology that has already 
been developed. A new fac tor—the needs of the desalting 
p rogram—wil l be added as the AEC seeks engineering 
data on the problems of coupling nuclear r eac to r s to de­
salting operations. 

The AEC has adjusted i ts schedules and given certain 
of its projects somewhat greater concentration in response 
to the call for a major desalting effort. It is the conviction 
of AEC experts, however, that hard steady work, ra ther 
than a dramatic technological breakthrough, will shape its 
contribution. 

DESALTING THE WATER 

Providing a source of adequate, low-cost energy is only 
one part of the desalting problem and is , in fact, a major 
requirement in only some instances. The basic question is 
how most efficiently and economically to convert saline 
water to fresh, making it useful for human consumption 
and industrial purposes. 

The ideal desalting process would require low-energy 
input, and have low capital costs , and low-cost operation 
and maintenance. Not all these at tr ibutes a re present 
simultaneously in any process based on present-day tech­
nology. But some existing techniques a re highly promising 
for par t icular degrees of water salinity, geographic loca­
tions, and amounts of pure water required. 

Desalting Techniques 

Desalting processes fall into two basic classifications. 
F i r s t a re those that take the water away and leave con­
centrated brine behind—for example, distillation, freeze 
separation, solvent extraction, r eve r se osmosis , and gas 
hydrates p rocesses . These are mostly applicable to s ea ­
water. In the second category a r e those that remove salt 
and leave fresh water behind, such as electrodialysis and 
ion exchange. These a re generally more economical for 
purifying brackish water . Distillation and electrodialysis 
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This IS the electrodialysis unit m the desalting plant m Webster, 
South Dakota. 

accumulating on the outside of the membranes is enriched 
in it. 

Membranes usually a re a sheet plastic material , such as 
cellulose acetate, in which the ion-exchange substances have 
been embedded. This process is sti l l being developed and 
additional work may lower cos ts . 

Reverse Osmosis 

An imaginative new process considered highly promising 
IS reverse osmosis, which also employs membranes . As the 
name implies, it r eve r ses na ture ' s osmotic p re s su re that 
normally causes liquids to flow through a semipermeable 
membrane. (Our own body cells a r e surrounded by semi ­
permeable membranes and depend for much of their 
activity upon osmosis.) 

When saline water and fresh water a re separated by a 
semipermeable membrane, osmosis will create a flow of 
fresh water through the membrane into the salt water. 
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Electrodialysis 

Electrodialysis is the only commercial ly used desalting 
method among those that remove the salt from water, in­
stead of removing the much larger amount of water from 
the salt. It is an exceedingly promising approach, although 
its use appears to be limited by economics to low-salinity 
brackish water. The OSW operates a 250,000-gallon-per-
day electrodialysis demonstration plant in Webster, South 
Dakota. 

Electrodialysis takes advantage of the fact that sa l t s , 
when dissolved, a re in the form of positively charged ions 
called "cations "and negatively charged ions called "anions". 
The electrodialysis equipment consists of a sandwich of 
alternating cation- and anion-permeable membranes . Upon 
the application of an electric current , positively charged 
ions, such as sodium, pass through the cat ion-permeable 
membranes . The negatively charged ions, of which chloride 
is one, move in the opposite direction and pass through the 
anion-permeable membranes . The water in the center of 
each sandwich is thus depleted of salt , while the water 

ELECTRODIALYSIS 

Salt water 
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are the conversion systems present ly being used on a 
commercial bas i s . This booklet will consider several of 
these processes in detail. Some others , that depend pr inc i ­
pally on chemical reactions for separation (solvent ex t rac­
tion, and the gas-hydrates and ion-exchange processes) , 
a r e of less importance for la rge-sca le desalting. 

Distillation 

Simply put, distilling emulates nature by applying heat 
to boil the water off the salt , and then condenses the vapor 
as pure water. The process was known to the Ancients. 
Aristotle said, "When seawater evaporates it becomes fresh 
and the condensation from i ts s team is not sal t ." 

There are modern variants of this venerable process , 
such as multistage flash distillation, multiple-effect dis t i l ­
lation, forced-circulation vapor-compression distillation, 
and combinations of these. Distillation is the principal 
means of purifying saline water throughout the world today, 
and the multistage flash process is the most popular ver­
sion. It also seems most appropriate for coupling with 
nuclear power r eac to r s , because it is readily adaptable to 
l a rge-s ize plants and because nuclear plants produce the 
low-energy steam that distillation requi res . 

In the multistage flash distillation process , heated sea ­
water is introduced into a low-pressure chamber. When the 
seawater enters the chamber, reduced p re s su re causes it to 
boil immediately, or "flash" into steam; the s team is then 
condensed. This operation is repeated successively in a 
s e r i e s of s imi la r chambers , or multistages, at p rogres ­
sively higher vacuum and lower tempera ture . This is the 
method employed in the successful Point Loma-Guantanamo 
Bay plant. (See figure on page 22.) 

At Freeport , Texas, the Office of Saline Water has 
a demonstration plant using the Long-Tube Vertical (LTV) 
multiple-effect distillation p rocess . In this, the seawater 
passes through bundles of tubes in a se r i e s of evaporators 
under progressively reduced p re s su re s . This plant has a 
mill ion-gallon-per-day capacity, and like multistage flash 
distillation, appears suitable for application to very large 
plants . (See figure on page 23.) 
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MULTISTAGE FLASH DISTILLATION 
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This vieu, across the top of the desalting plant at San Diego, 
illustrates the multiple piping systems needed for the multistage 
flash distillation process This is the plant that was moved to 
Guantanamo Bay, Cuba, m 1964. 
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SOME OF THE MINERAL WEALTH CONTAINED IN 
9 TRILLION GALLONS OF SEAWATER 

Mineral 

Salt 
Magnesia 
Potash 
Bromine 
Strontium 

Boron 
Fluorine 
Rubidium 
Lithium 
Barium 

Iodine 
Copper 
Zinc 
Molybdenum 
Manganese 

Titanium 
Lead 
Vanadium 
Nickel 
Arbenic 

Selenium 
Uranium 
T i n 
Chiomium 
Cesium 

Gallium 
Antimony 
Bismuth 
Silver 
Cobalt 

Tungsten 
Mercury 
Gold 

Tons 
(per year) 

1,000,000,000 
76,000,000 
18,000,000 
2,500,000 

500,000 

190,000 
50,000 

7,600 
3,800 
3,400 

1,900 
950 
900 
600 
380 

340 
300 
270 
230 
190 

150 
125 
115 

95 
75 

20 
8 
8 
6 
4 

4 
1 

600 (Ibfa) 

Approx $ value 

250,000,000* 
43,000,000* 

230,000,000* 
29,000,000* 

29,000,000* 

4,100,000 
590,000 
216,000 

1,500,000 
106,000 

27,000 
50,000 

1,300,000 
370,000 

1,100,000 
270,000 
160,000 

150,000 
12,000 

5,000 
510,000 

U. S. produc­
tion, 1959 

(tons) 

25,000,000 
870,000 

2,300,000 
97,000 

180,000f 

•Calculated on the basis of 1959 U. S. production and one-
half cuirent market value. 

1 Usage m terms of borax was 619,000 tons. 
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tually there may be large tri -purpose plants incorporating 
a nuclear power plant to produce large quantities of e lec­
tricity, millions of gallons of potable water, and valuable 
mineral by-products. 

A scientist samples magnesium ammonium phosphate made from, 
seawater. This phosphate shows considerable promise as fertil­
izer for many plants including tree seedlings, grasses, and vege­
tables. 

If 10% of the additional water needed by 1975 comes from 
the ocean, it will be necessary to process about 9 trillion 
gallons of seawater a year. What quantities of minerals 
are contained in this amount of seawater and what are their 
values? A look at the chart on the facing page will con­
vince you that it is considerable. Very little has been done 
to extract the sea's dissolved salts, except for recovery of 
salt, bromine, and magnesia. Until recently, the idea of 
pumping huge volumes of water through a process to r e - « 
cover minerals has been inconceivable. But since we will 
have to pump the water for desalting anyway, it now be­
comes foolish not to try to capture this mineral wealth. 
Which minerals will be extracted and how much of each are 
questions that will be answered by research. 
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LONG-TUBE VERTICAL MULTIPLE-EFFECT DISTILLATION 

1st 
evaporator 

2nd through 12th 
evaporators 

Approx. 90°F^ Steam 

I:' \ Supply steam Brine | j Steam | | Fresh water 

This plant m Freeport, Texas, desalts the water by the Long-Tube 
Vertical multiple-effect distillation process. 
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At Roswell, New Mexico, another OSW demonstration plant, 
using the forced-circulation uapor-conpression method, 
converts brackish to potable water, which is then purchased 
by the city of Roswell. In this plant the saline water is 
forced up through a tube bundle within an evaporator. A 
mixture of vapor and hot brine emerges at the top of the 
tubes; the vapor is compressed, thus raising its tempera­
ture, after which it is returned to the evaporator. As it 
condenses the vapor yields sufficient heat to boil the sal t 
water in the tubes. The condensed vapor becomes the fresh 
product, water. 

One problem common to all types of dis t i l lers that op­
erate at temperatures of 170°F and over is the accumula­
tion of scale* in pipes and vesse ls . Scale lowers the ef­
ficiency of heat transfer, so many sys tems t rea t the input 
water with chemicals, such as sulfuric acid, to minimize 
scale formation. The treatment ra i ses the cost of operation 
and maintenance, and hence the cost of the pure water 
product. Since the ra te of scale deposit increases with 
temperature , low distillation temperatures have been used 
most often. Higher tempera tures produce more water, how­
ever . Obviously, removal of offending minerals from the 
water as it comes in and before it has circulated through 
the plant is highly desirable . 

At the OSW's Wrightsville Beach testing center in North 
Carolina, W. R. Grace and Company has constructed a 
pilot plant that uses chemicals to remove scale-forming 
constituents. Not only would the process increase the 
efficiency of distilling but, in addition, the separated sca le -
forming mater ia l could be converted to high-grade fer t i l ­
izer , W. R. Grace scientists estimate that about 37 tons of 
fert i l izer can be produced for each million gallons of 
seawater processed. (See figure on page 26.) 

Various additional by-product development and utilization 
ideas are being investigated by Office of Saline Water 
scientists to see which may appreciably reduce overall 
desalination costs . This leads to the possibility that even-

*Scale IS composed primari ly of calcium carbonate, magnesium 
hydroxide, and calcium sulphate present in seawater. It gradually 
deposits on heated surfaces, clogs the equipment, and must be 
periodically removed. 
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FORCED-CIRCULATION VAPOR-COMPRESSION DISTILLATION 

Saline water 
Product water 

This plant in Roswell, New Mexico, desalts water by the forced-
circulation vapor-compression method. 



At Roswell, New Mexico, another OSWdemonstration plant, 
using the forced-circidalioii vapor-compression method, 
converts brackish to potable water, which is then purchased 
by the city of Roswell. In this plant the saline water is 
forced up through a tube bundle within an evaporator. A 
mixture of vapor and hot brine emerges at the top of the 
tubes; the vapor is compressed, thus raising its tempera­
ture, after which it is returned to the evaporator. As it 
condenses the vapor yields sufficient heat to boil the salt 
water in the tubes. The condensed vapor becomes the fresh 
product, water. 

One problem common to all types of dis t i l lers that op­
erate at temperatures of 170°F and over is the accumula­
tion of scale* in pipes and vesse ls . Scale lowers the ef­
ficiency of heat t ransfer , so many sys tems t reat the input 
water with chemicals, such as sulfuric acid, to minimize 
scale formation. The treatment ra i ses the cost of operation 
and maintenance, and hence the cost of the pure water 
product. Since the ra te of scale deposit increases with 
temperature , low distillation temperatures have been used 
most often. Higher tempera tures produce more water, how­
ever . Obviously, removal of offending minerals from the 
water as it comes in and before it has circulated through 
the plant is highly desirable . 

At the OSW's Wrightsville Beach testing center in North 
Carolina, W. R. Grace and Company has constructed a 
pilot plant that uses chemicals to remove scale-forming 
constituents. Not only would the process increase the 
efficiency of distilling but, in addition, the separated sca le -
forming mater ia l could be converted to high-grade fer t i l ­
i ze r . W. R. Grace scientists estimate that about 37 tons of 
ferti l izer can be produced for each million gallons of 
seawater processed. (See figure on page 26.) 

Various additional by-product development and utilization 
ideas a re being investigated by Office of Saline Water 
scientists to see which may appreciably reduce overall 
desalination costs . This leads to the possibility that even-

*Scale is composed primarily of calcium carbonate, magnesium 
hydroxide, and calcium sulphate present in seawater. It gradually 
deposits on heated surfaces, clogs the equipment, and must be 
periodically removed. 
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This plant in Roswell, New Mexico, desalts ivaler by the forced-
circidalion vapor-compression method. 
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tually there may be large tn-purpose plants n:\corpora.ting 
a nuclear power plant to produce large quantities of e lec­
tricity, millions of gallons of potable water, and valuable 
mineral by-products. 

A scientist samples magnesium ammonium phosphate made from, 
seawater This phosphate shows considerable promise as fertil­
izer for many plants including tree seedlings, grasses, and vege­
tables. 

If 10% of the additional water needed by 1975 comes from 
the ocean, it will be necessary to process about 9 trillion 
gallons of seawater a year. What quantities of minerals 
are contained in this amount of seawater and what are their 
values? A look at the chart on the facing page will con­
vince you that it is considerable. Very little has been done 
to extract the sea's dissolved salts, except for recovery of 
salt, bromine, and magnesia. Until recently, the idea of 
pumping huge volumes of water through a process to r e ­
cover minerals has been inconceivable. But since we will 
have to pump the water for desalting anyway, it now be­
comes foolish not to try to capture this mineral wealth. 
Which minerals will be extracted and how much of each are 
questions that will be answered by research. 
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LONG TUBE VERTICAL MULTIPLE-EFFECT DISTILLATION 

1st 
evaporator 

2nd through 12th 
evaporators 

Approx 90°F^ Steam 

Vapor 
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l:~.j Supply steam B i n Brme [ | Steam | | Fresh water 

This plant m Freeport, Texas, desalts the water by the Long-Tube 
Vertical multiple-effect distillation process. 
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MULTISTAGE FLASH DISTILLATION 

Seawater 

Brme 

Fresh water m 

Heater 

This view, across the top of the desalting plant at San Diego, 
illustrates the multiple piping systems needed for the multistage 
flash distillation process This is the plant that was moved to 
Guantanamo Bay, Cuba, m 1964. 
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SOME OF THE MINERAL WEALTH CONTAINED IN 
9 TRILLION GALLONS OF SEAWATER 

Mineral 

Salt 
Magnesia 
Potash 
Bromine 
Strontium 

Boron 
Fluorine 
Rubidium 
Lithium 
Barium 

Iodine 
Copper 
Zinc 
Molybdenum 
Manganese 

Titanium 
Lead 
Vanadium 
Nickel 
Arsenic 

Selenium 
Uranium 
T i n 
Chromium 
Cesium 

Gallium 
Antimony 
Bismuth 
Sliver 
Cobalt 

Tungsten 
Mercury 
Gold 

Tons 
(per year) 

1,000,000,000 
76,000,000 
18,000,000 
2,500,000 

500,000 

190,000 
50,000 

7,600 
3,800 
3,400 

1,900 
950 
900 
600 
380 

340 
300 
270 
230 
190 

150 
125 
115 

95 
75 

20 
8 
8 
6 
4 

4 
1 

600 (lbs) 

Approx $ value 

250,000,000* 
43,000,000* 

230,000,000* 
29,000,000* 

29,000,000* 

4,100,000 
590,000 
216,000 

1,500,000 
106,000 

27,000 
50,000 

1,300,000 
370,000 

1,100,000 
270,000 
160,000 

150,000 
12,000 

5,000 
510,000 

U. S. produc­
tion, 1959 

(tons) 

25,000,000 
870,000 

2,300,000 
97,000 

180,000t 

•Calculated on the basis of 1959 U. S. production and one-
half current market value. 

tUsagc m terms of borax was 619,000 tons. 
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Electrodialysis 

Electrodialysis is the only commercial ly used desalting 
method among those that remove the salt from water, in­
stead of removing the much larger amount of water from 
the salt. It is an exceedingly promising approach, although 
its use appears to be limited by economics to low-salinity 
brackish water. The OSW operates a 250,000-gallon-per-
day electrodialysis demonstration plant in Webster, South 
Dakota. 

Electrodialysis takes advantage of the fact that sa l t s , 
when dissolved, a re in the form of positively charged ions 
called "cations "and negatively charged ions called "anions". 
The electrodialysis equipment consists of a sandwich of 
alternating cation- and anion-permeable membranes . Upon 
the application of an electric current , positively charged 
ions, such as sodium, pass through the cation-permeable 
membranes . The negatively charged ions, of which chloride 
is one, move in the opposite direction and pass through the 
anion-permeable membranes . The water in the center of 
each sandwich is thus depleted of salt , while the water 

ELECTRODIALYSIS 

Salt water 
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a re the conversion sys tems presently being used on a 
commercial bas i s . This booklet will consider several of 
these p rocesses in detail. Some others, that depend pr inc i ­
pally on chemical reactions for separation (solvent ex t rac­
tion, and the gas-hydrates and ion-exchange processes) , 
a r e of l e ss importance for l a rge-sca le desalting. 

Distillation 

Simply put, distilling emulates nature by applying heat 
to boil the water off the salt , and then condenses the vapor 
as pure water. The process was known to the Ancients. 
Aristotle said, "When seawater evaporates i tbecomesf resh 
and the condensation from its s team is not sal t ." 

There are modern variants of this venerable process , 
such as multistage flash distillation, multiple-effect dis t i l ­
lation, forced-circulation vapor-compression distillation, 
and combinations of these. Distillation is the principal 
means of purifying saline water throughout the world today, 
and the multistage flash process is the most popular ver­
sion. It also seems most appropriate for coupling with 
nuclear power r eac to r s , because it is readily adaptable to 
la rge-s ize plants and because nuclear plants produce the 
low-energy s team that distillation requi res . 

In the multistage flash distillation p rocess , heated sea­
water is introduced into a low-pressure chamber. When the 
seawater enters the chamber, reduced p ressu re causes i t t o 
boil immediately, or "flash" into steam; the steam is then 
condensed. This operation is repeated successively in a 
s e r i e s of s imi lar chambers , or multistages, at p rogres ­
sively higher vacuum and lower tempera ture . This is the 
method employed in the successful Point Loma —Guantanamo 
Bay plant. (See figure on page 22.) 

At Freeport , Texas, the Office of Saline Water has 
a demonstration plant using the Long-Tube Vertical (LTV) 
multiple-effect distillation p rocess . In this, the seawater 
passes through bundles of tubes in a se r i e s of evaporators 
under progressively reduced p re s su re s . This plant has a 
mill ion-gallon-per-day capacity, and like multistage flash 
distillation, appears suitable for application to very large 
plants . (See figure on page 23.) 
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AEC's Desalting Plan 

It can be seen that the AEC's contribution to the desalting 
program will r e s t heavily on the technology that has already 
been developed. A new fac tor—the needs of the desalting 
p rogram—wi l l be added as the AEG seeks engineering 
data on the problems of coupling nuclear reac tors to de­
salting operations. 

The AEG has adjusted i ts schedules and given cer tain 
of its projects somewhat greater concentration in response 
to the call for a major desalting effort. It is the conviction 
of AEG experts , however, that hard steady work, ra ther 
than a dramatic technological breakthrough, will shape its 
contribution. 

DESALTING THE WATER 

Providing a source of adequate, low-cost energy is only 
one par t of the desalting problem and is , in fact, a major 
requirement in only some instances. The basic question is 
how most efficiently and economically to convert saline 
water to fresh, making it useful for human consumption 
and industrial purposes. 

The ideal desalting process would require low-energy 
input, and have low capital costs , and low-cost operation 
and maintenance. Not all these at tr ibutes a re present 
simultaneously in any p rocess based on present-day tech­
nology. But some existing techniques a re highly promising 
for par t icular degrees of water salinity, geographic loca­
tions, and amounts of pure water required. 

Desalting Techniques 

Desalting processes fall into two basic classifications. 
F i r s t a re those that take the water away and leave con­
centrated brine behind—for example, distillation, freeze 
separation, solvent extraction, r eve r se osmosis , and gas 
hydrates p roces se s . These a re mostly applicable to s ea ­
water. In the second category a r e those that remove salt 
and leave fresh water behind, such as electrodialysis and 
ion exchange. These a r e generally more economical for 
purifying brackish water . Distillation and electrodialysis 
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This IS the electrodialysis unit m the desalting plant in Webster, 
South Daliota. 

accumulating on the outside of the membranes is enriched 
in it. 

Membranes usually are a sheet plastic mater ial , such as 
cellulose acetate, in which the ion-exchange substances have 
been embedded. This process is still being developed and 
additional work may lower cos ts . 

Reverse Osmosis 

An imaginative new process considered highly promising 
is reverse osmosis, which also employs membranes . As the 
name implies, it r eve r ses na ture ' s osmotic p re s su re that 
normally causes liquids to flow through a semipermeable 
membrane. (Our own body cells a re surrounded by semi ­
permeable membranes and depend for much of their 
activity upon osmosis.) 

When saline water and fresh water a r e separated by a 
semipermeable membrane, osmosis will create a flow of 
fresh water through the membrane into the salt water. 
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A membrane divides a tank containing fresh water on one side and 
salt water on the other, (l) The fresh water tends, through the nat­
ural force of osmosis, to move through the membrane and dilute 
the solution on the other side. (2) If you put a pipe over the salt 
water tank, the moving fresh water will fill the salt side and move 
up the pipe until the counteracting force of water pressure halls it. 
(3) In reverse osmosis a pressure of at least 350 pounds per 
square inch is provided on the side of the lank containing the sail 
water. Now the water passes from the salt side to the fresh leaving 
both dissolved and solid material behind. 

However, if the saline water i s subjected to p ressure 
greater than the natural osmotic force, the process is 
reversed . Water in the brine is forced through the mem­
brane to the freshwater side, leaving the concentrated 
sa l t s behind. 

The r eve r se osmosis process holds hope of significantly 
reducing the cost of converting saline water, because it is 
inherently simple and requires little energy. Improvement 
of the process depends to a large degree on the develop­
ment of suitable membranes . Very little is understood 
concerning membrane s t ruc ture , ion- t ransport mechanisms, 
or even how to fabricate membranes . Little is known, too, 
about membrane lifetime, optimum p re s su re s for operation, 
boundary layer limitations, and p ressu re effects on ma­
te r ia l s . 
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The San Onofre Nuclear Generating Station, 
developed under the AEC's civilian nuclear 
power program, began com.mercial operation 
in 1967. Located on the coast of Southern 
California two miles from San Clemente and 
about 60 miles north of San Diego, the plant 
incorporates a pressurized-water reactor 
with430,000-net-electrical kilowatt capacity. 
It is owned and operated by the Southern Cal­
ifornia Edison and San Diego Gas and Elec­
tric companies. The AEC supported the re­
search and development for this plant and 
will obtain data from it relating to design, 
construction and operation of large pressur-
ized-water reactors. The plant is expected 
to produce electricity more cheaply than 
conventional generating stations in the area. 
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The Civilian Nuclear Power Program 

One of the important objectives of the AEG's civilian 
nuclear power program has been the improvement of 
reac tors for the generation of economic electric power.* 
This goal is nearing realization in the United States. But 
the benefit society may expect from nuclear power plants 
does not stop there . The AEG expects to perfect for com­
mercial use other, more economic c lasses of reac tors — 
one of which is the advanced converter. A converter is a 
nuclear reac tor that produces one kind of fuel as it con­
sumes another. 

Development of advanced converters will not only lower 
the cost of power and increase the utilization of nuclear 
fuel but also will add to the technology of a third class of 
r eac to r s called "fast b r eede r s " . As the t e rm implies 
these r eac to r s make or " b r e e d " more fuel than they 
consume. 

All reac tors produce some fissionable mater ia l while 
they a r e operating, in addition to consuming some. The 
advanced converters change la rger quantities of fertile 
mater ia l (uranium-238 or thorium-232) into fissionable 
material (uranium-233 and plutonium-239) than do present-
day r eac to r s . Breeders will have the remarkable ability 
to produce more fuel than they consume, enabling man to 
tap a virtually endless source of energy. 

The Federal Power Commission has estimated that by 
1980 the United States will require almost three t imes the 
electrical energy that was produced in 1964. That is a 
staggering expansion, and we will need all our sources of 
energy — coal, oil, gas, hydroelectr ic, and nuc l ea r—to 
satisfy that demand. Much work remains to be done on 
development of breeder r eac to r s , but it is hoped that 
economic fast breeders can be operating by the late 1980s. 

*For more information on using atomic energy in electric power 
production, see Nuclear Power Plants, another booklet in this 
s e r i e s . 

18 

Although much resea rch remains to be done, resul ts so 
far have been highly encouraging. The OSW plans to build 
an experimental 50,000-gallon-per-day osmosis plant in 
1967 to use brackish water. After this prototype is success ­
fully operating, improved design and components may permit 
construction of more efficient, larger modules for opera­
tion with seawater. 

Freeze Separation 

Like distillation, freezing also emulates nature; it r e ­
moves heat to separate the water from the salt . (See 
diagram on page 32.) It takes less energy to freeze s ea ­
water than to evaporate it, and this makes the technique 
attractive. Its main disadvantage lies in the tenacity of the 
brine film that adheres to the crystals of pure water and 
must be removed. The Office of Saline Water now oper­
ates a 100,000-gallon-per-day freezing plant. 

On the left is the plant at Wrights­
ville Beach, North Carolina, 
which desalts water by using 
freeze separation. Below is a 
close-up view of the ice being 
scraped off the top of the vat in 
the freezing plant by a rotating 
blade (see diagram on the next 
page). 
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FREEZE SEPARATION 

Vapor 

Seawater 

To Meet the Need 

It i s important to keep in mind that no single water-
conversion p rocess can be applied universal ly. Each con­
version plant must be designed to take advantage of the 
cheapest source of energy found at its par t icular locale, 
the available labor, and the geography of the s i te . As r e ­
search proceeds it is possible that some techniques will be 
discarded, additional emphasis placed on others , and entirely 
new approaches discovered. 

Therefore the Office of Saline Water conducts a broad 
program that aims at advancing the technology of water 
desalting. The goal is to ensure that techniques will be 
available everywhere within the next decade to meet 
municipal and industrial requirements for high-quality 
water. 

In support of a program of this magnitude, the OSW has 
plans to continue and enlarge the basic resea rch effort it 
now has underway, augment it by applied r e sea rch ap­
plicable to large distillation plants, and develop and test 
promising i tems of equipment. 
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Experts studying model of the MWD plant in a 90 >^ 130 foot tank to 
determine the effects of ocean waves on the man-made island. 

initial water capacity of 50 million gallons per day and 
generate 1,800,000 kilowatts of electricity. Additional ca­
pacity can be added la ter to produce a total of 150 million 
gallons per day — enough for a city of about 750,000. The 
power output will exceed that of Hoover Dam, or enough 
for a city of about 2 million. 

Two large conventional light-water nuclear reac tors , of 
about 3000 thermal megawatts each, will be the energy 
source. The water plant will consist of three large multi­
stage flash distillation sections, each producing 50 million 
gallons of water per day. Due to the high price of coast 
property, a man-made island will be constructed about 
3000 to 4000 feet offshore in water 25 to 30 feet deep. 
This first U. S. island site will have approximately 45 
ac res in usable surface area and will be connected to the 
shore by a causeway. The plant will be about 30 t imes 
l a rge r than the largest existing water-de salting plant. 
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Dual-Purpose Plant Studies 

A study, made in 1964 by the Catalytic Construction 
Company of Philadelphia under contract to both the Office 
of Saline Water (OSW) and the Atomic Energy Commission 
(AEC), investigated the economics of dual-purpose plants 
of 200 to 1500 thermal megawatts. In nearly all cases it 
was found that where size, energy source, power sa les , and 
capital investment charges a re comparable, water is 
produced more cheaply in dual-purpose plants than in 
single-purpose ones. 

In another study, AEC and OSW asked the engineering 
consultant firm of Burns and Roe to investigate the poten­
tial use of a dual plant to provide fresh water to Key West, 
Florida. Water, which is in short supply there, now comes 
through an overloaded 128-mile aqueduct from the main­
land. The company found that a dual-purpose nuclear-
powered distillation plant was a possible solution to the 
a r e a ' s needs. 

The AEC and the OSW also cooperated with the Metro­
politan Water Distr ict of Southern California (MWD) in 
supporting a study, by the Bechtel Corporation, of a large 
nuclear-power desalting plant on the California coast. 
Based on the favorable conclusions of this study, a co­
operative project was authorized for participation by the 
AEC, OSW, MWD, and the electr ic utilities serving the 
area . The plant, when completed in 1973, will have an 

Model of the Southern California nuclear-power desalting plant. 

In addition, the OSW expects to build prototype plants 
when new or improved techniques require demonstration. 
Among these may be the 150-million-gallon-per-day multi­
stage distillation and nuclear power plants proposed by the 
Metropolitan Water District of Southern California. 

The OSW also now operates a desalting tes t center on 
the West Coast where full-scale components will be sub­
jected to conditions approximating those in the finished 
plant. 

WATER NEEDS IN THE UNITED STATES 

A 1963 repor t by the Federal Council for Science and 
Technology cited regions within the United States where 
projected water requirements will approach the limit of 
available supplies by the year 2000. Listed were the 
Pacific Southwest, the upper Colorado Basin, the western 
Gulf, the upper Missouri, the Rio G r a n d e - P e c o s Basins, 
and the Great Basin. In some of these, part icularly the 
Pacific Southwest, large quantities of additional water will 
be required well before that year, if res t r ic t ions on 
economic development and population growth a re to be 
avoided. 

Three distinct water-use a reas can be identified in the 
Pacific Southwest. They are the southern California coastal 
region where water is used pr imar i ly for municipal and 
industrial purposes, Arizona where water is used for 
municipal, industrial, and agricultural purposes, and the 
interior of southern California where most available water 
i s used for agricul ture. 

Water - resource planners generally agree that the prin­
cipal decisions on future water supply for the coastal a rea 
of southern California should be made by the mid-1970s. 
Desalting plants may provide the most economical source 
of water for this a rea . 

Much of the existing inland deficiency is being met now 
by "mining" groundwater, that i s , by pumping from deep 
wells. In the interior valleys of southern California and 
Arizona, groundwater tables (the underground levels at 
which fresh water lies) have dropped as much as several 
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hundred feet as a resul t , and the situation in some places 
IS cri t ical 

The Colorado River is the principal source of water 
for the entire Pacific Southwest. Approximately 1,100,000 
acre-feet* of Colorado River water is delivered to the 
southern California coastal a rea annually Desalting plants, 
constructed on the coast, could provide new sources of pure 
water to supplement that available from the Colorado 
River. 

Coastal a reas requiring large supplies of water, and 
capable of using additional large supplies of power, a re 
the logical s i tes for the big dual-purpose nuclear-powered 
distillation plants proposed. The Metropolitan Water Distr ic t 
project, described on page 16, will probably be the first of 
these. Large plants might also provide auxiliary water in 
the Northeast, which periodically suffers from a drought 
condition such as that in the Connecticut-New York — 
New Jersey a rea from 1962 through 1965. 

Another potential application for l a rge-sca le desalting 
may be in the highly industrialized section of the Texas 
Gulf coast. If additional sources of water a re not devel­
oped soon, the a rea from Houston to Corpus Christi is 
expected to experience cr i t ical shortages 

Soon the semiar id south coast of Puerto Rico will also 
requi re substantial additional water if economic develop­
ment IS to proceed as planned. Approximately 50 million 
gallons per day will be required by 1980 

A survey made for the American Water Works Associa­
tion shows that over 1000 United States communities a re 
using brackish water Several ci t ies, such as Goalinga, 
California, Buckeye, Arizona, and Port Mansfield, Texas, 
have invested in their own desalting plants to improve and 
bring down the cost of potable water. 

*One acre-foot is the amount of water that would cover one 
acre of ground to a depth of one foot, or 325,893 gallons. 
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graphite or heavy water,* to a speed at which they are most 
likely to collide with other fuel atoms. Another major 
reactor component is the coolant, which is now usually light 
water, but which could be heavy water, liquid metal, or 
even a gas, such as helium or carbon dioxide It flows 
through or around the fuel core to remove the heat gen­
erated by the fissioning a toms . ! 

In a nuclear power reactor the fuel core is so arranged 
that the fission will generate very high t empera tu res—the 
grea ter the heat the more efficient a power source the 
reactor becomes. This heat is carr ied away by the coolant. 
A number of power reactor concepts include a secondary 
heat t ransfer system so that the coolant can give up its 
heat to produce high-temperature steam for use in gen­
erating electricity or in an industrial p rocess . 

For Early Desalting 

Most existing U. S. r eac to r s , and those nowbeingordered 
by utility companies, are of the boiling-water or p r e s ­
sur ized-water type. They are available in ranges up to 
about 1000 electr ical megawatts and will generate e lec ­
tricity at a cost as low as about 2.5 mills per kilowatt-
hour. 

Dual-purpose electr ic-power and water-desal t ing plants, 
using these proven light-water reac to rs , could be brought 
into operation by the early 1970s. There has been limited 
experience in constructing or operating nuclear power 
plants coupled to desalting units, so careful analysis and 
study will be needed to avoid mismatch of one process or 
system with the other. While there appear to be no great 
technical obstacles in the coupling, attention will also have 
to be paid to the operating character is t ics of a combination 
plant to tailor i t s output to the needs for both power and 
water . 

* Heavy water is water containing deuterium atoms in place of 
some ordinary hydrogen atoms, it is effective in slowing neutrons. 
To distinguish it, ordinary water is sometimes known as "light 
water" 

t F o r more information on reac tors , s&e Nuclear Reactors, a. 
companion booklet m this s e r i e s . 
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of equipment and facilities (such as water intake and d i s ­
charge lines, control rooms, maintenance shops, etc,) 
could be shared to provide significant cost savings. 

It is axiomatic that the lower the pr ice of the energy used 
in a water conversion process the lower the price of the 
water produced. The least expensive source of energy is 
therefore the preferred one for that p rocess . In consider­
ing large plants, nuclear energy power sources become very 
attractive because the long-term cost of nuclear fuel is 
expected to be lower than the cost of most fossil fuel. 

A nuclear reactor is a furnace that "burns" atomic fuel, 
such as uranium or plutonium. Instead of combustion, ^hich 
takes place when coal or oil is ignited, the process by which 
heat is released from the atoms of uranium fuel is known 
as fission. Fission occurs when a subatomic part icle called 
a neutron s t r ikes an atom, causing it to split into two par t s 
and at the same time releasing tremendous amounts of 
energy in the form of heat. As an atom is split, two or three 
more neutrons a re set free, and if there is a sufficient 
amount of/zss?ow«ft/<? mater ia l close-by this process will 
continue in what i s called a chain reaction. 

In a nuclear reactor this chain reaction is controlled. 
The neutrons are slowed down by a moderator, possibly 

PARTS OF A REACTOR 

Control rods 

Moderator 

Pressure vessel 

Reactor core 
uranium fuel 

Shielding 

Coolant 

— Coolant out 

— Coolant in 

Coolant passage 
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How Much Does Water Cost? 

The price of water is a relat ive thing. Where water is 
naturally plentiful the cost is low. In many communities 
its delivery is subsidized by governmental units, so the 
pr ice per thousand gallons does not always reflect its t rue 
cost. Where water is plentiful, consumers can pay as 
little as 15<f per thousand gallons, but in water-shor t a reas 
the charge may run to $1 or more . 

Before 1959 when it became the first municipality to op­
erate its own desalting plant, the City of Goalinga, Califor­
nia, was importing fresh water by railway tank car for $7 
per thousand gallons. Now its e lectrodialysisplantproduces 
28,000 gallons per day, or 5 gallons per resident, at $1.45 
pe r thousand gallons. It supplies water only for drinking and 
cooking, and the remainder of the town's needs are met by 
brackish water. In 1965 Goalinga passed another desalting 
milestone by putting into operation the f irs t r eve r se 
osmosis unit. It produces 6000 to 7000 gallons per day. 

In 1962 Buckeye, Arizona, became the f i rs t town to 
have all its water supplied by its own electrodialysis de­
salting plant. The unit in Buckeye, 34 miles west of Phoenix, 
turns out 650,000 gallons of fresh water daily. The cost is 
about 60<? per thousand gallons. 

Because its salt content is grea ter , the cost of purifying 
seawater is higher than for brackish water. In 1952 the 
cost of converted seawater was estimated at $4 to $5 per 
thousand gallons. Now the cost has gone down to about $1 
per thousand gallons. And technical methods a re now 
available to bring it down to about 20^ to 30^ per thousand 
gallons in large plants. 

President Johnson's request was for desalting methods 
that will provide pure water economically. As has been 
noted, the scarci ty of water determines the pr ice u se r s a r e 
willing to pay and therefore what is economic. It is impos­
sible to calculate the most economical price for desalted 
water in various parts of the country until more informa­
tion is available on present costs of water, costs of new 
water r e sources , and pricing policies used in water devel­
opment and distribution. The Office of Saline Water i s 
undertaking a survey to obtain this information. 
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A 1962 report , by Dr. R. Phillip Hammond and his a s ­
sociates at the Atomic Energy Commission's Oak Ridge 
National Laboratory, advanced the thesis that very large 
reac to r s coupled to very large desalting facilities could 
economically produce quantities of electr ic power and fresh 
water from the sea. This repor t at tracted the attention of 
the Pres ident ' s Office ofScience and Technology. Dr. Je rome 
Weisner, director , appointed a group of experts to evaluate 
Hammond's findings. 

The group said, "Although we a re less optimistic than 
Oak Ridge National Laboratory we have confirmed the e s ­
sential validity of the ORNL conclusion—that relatively 
low-cost fresh water can be obtained with very large scale , 
dual-purpose operations where there is a sufficiently large 
market for electr ic power, and that nuclear energy plants 
appear to have better economic potential in these very 
large s izes than fossil-fueled plants" . 

Artist's conception of a nuclear-powered seawater-conversion 
plant that would produce 1 billion gallons of fresh water per day 
and 4,500,000 electrical kilowatts of power. Three natural ura­
nium reactors would generate steam, which would operate the 
turbogenerators to produce electricity. The steam would then 
travel through a flash evaporator plant converting the seawater 
to pure water. 

The survey will include studies of costs incurred in the 
original purchase, replacement, and repai r of plumbing 
fixtures, household appliances, and municipal water t r ea t ­
ment and distribution facilities. The needs of industry for 
high-quality water will also be investigated as will the 
economics of blending desalted water with brackish water 
for municipal purposes. 

Economics of Large-Scale Desalting 

The Pres ident ' s message further emphasized the need 
for la rge-sca le desalting plants for a reas such as the 
Pacific Southwest. This is the first large water-shor t a rea 
where desalting is being given specific consideration. 

Two factors that a re vital in combined power generating 
and distillation plants a re the cost of fuel and the capital 
cos ts . In large plants nuclear power becomes competitive 
with "conventional" power (that generated by non-nuclear en­
ergy sources) . Fuel costs a re lower for nuclear reac tors 
and the relatively high capital cost of nuclear plants does 
not increase proportionately with s ize . This i s expected to 
become increasingly true as nuclear technology provides 
improvements and as supplies offossil fuels a re diminished. 

Cost comparisons between a 125,000-kilowatt fossil-fuel 
plant and a nuclear-power desalting plant of equal capacity 
a re made in the chart on page 38, The cost of a s ingle-
purpose conventional power plant producing the same amount 
of electricity is also shown, (For this calculation, de ­
salting is assumed to be by flash distillation.) 

Note the enormous advantage in fuel costs of the nuclear 
plant, even though it generates the same amount of power 
and almost double the amount of water. Annual fuel costs 
for nuclear power a re only $5.42 million as against 
$7.20 million in fossil fuel. And the nuclear plant could 
produce water at 56^ per thousand gallons whereas the 
fossil-fueled plant price would be 65^ per thousand gallons. 

In a 1964 report , the Office of Science and Technology 
estimated that by the mid-1970s a large dual-purpose 
plant could produce 1000 to 1500 megawatts of electricity 
at a cost of 2.3 to 2.5 mil ls per kilowatt-hour and 500 to 
800 million gallons of water per day at a cost of 20^ to 
25? per thousand gallons. By the 1980's, plants embodying 
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several nuclear reac tors m a single installation, with a to ­
tal capacity as high as 25,000 thermal megawatts, could be 
in operation A plant like this would produce 5950 electr ical 
megawatts at 1 6 mills per kilowatt-hour and 1,300,000 
gallons of water per day at 19? per thousand gallons 

Electrical Capability 
(If only power) 

Electrical Output 
(When integrated) 

Capital Cost 
Annual Fuel Cost 

INTEGRATED PLANTS 

Water Plant Capacity per Day 

Fossil Fuel 

226,000 Iro 

125,000 kw 
$29,000,000 
$ 7,200,000 

38.3 Million Gal 

i 
Nuclear 

280,000 kw 

125,000 kw 
$58,800,000 
$ 5,420,000 

69 Million Gal 

CONVENTIONAL COSTS-125,000 KW 

Capital $18,800,000 
Annual Fuel Cost $ 3,850,000 j ^ ^ 

WATER P I ANT COSTS ^ H l 

Capi ta l -Water Plant 
Capi ta l -Power Plant 

Total Capital for Water 

Annual Capital for Water® 10% 
Annual Fuel foi Water 
Operating Costs for Water 

Total Annual Costs 

Watci Production-1000 Gal/Yr 
^/lOOO Gal 

$30,000,000 
$10,200,000 

$40,200,000 

$ 4,020,000 
3,350,000 
1,220,000 

$ 8,590,000 

13,300,000 
65<? 

$53,800,000 
$40,000,000 

$93,800,000 

$ 9,380,000 
1,570,000 
2,440,000 

$13,390,000 

23,900,000 
50^ 

Reproduced with permission from Fresh Water from Saline Waters, 
Philip Sporn Pergamon P r e s s , 1966 

Water and power costs vary widely, as do interest ra tes 
on capital, water-conveyance charges , and labor and land 
p r i ces . Each case must be considered individually in es t i ­
mating cost. For instance, it is possible that in some 
communities the power plant and the water-production plant 
will be owned separately and the reactor-heated steam for 
distillation will be sold by the power company to the water 
company In this case fixed charges might differ from 
those in other ci t ies . 
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promising processes for water conversion. The plant was 
producing 1.4 million gallons of water per day at approxi­
mately $1 per thousand gallons, which is about three t imes 
the cost usually regarded as economic. Demonstration 
plants, however, a r e not expected to achieve the economy 
and efficiency possible in second- and third-generation 
operating facilities. The San Diego plant was successful 
since it did acceptably demonstrate a promising technique, 
and IS still doing so in Cuba. 

The Time Is Right 

With the improvement of nuclear r eac to r s as sources for 
the production of electr ical energy, and their increasing 
acceptance by util i t ies and the public, interest was again 
stimulated in the possibility of dual-purpose nuclear-power 
and water-production plants. 
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In 1964 the Cuban government shut off the water supply to the 
Guantanamo Naval Base. Since construction of a new desalting 
plant would have taken 3 years, the U. S. Government decided to 
move a desalting plant already in operation in San Diego 3600 miles 
to Cuba. Above, the San Diego plant before il was disassembled. 
Below, the plant as rebuilt at Guantanamo. Opposite, the plant 
being loaded. Inset shows the flash chamber and condenser aboard 
ship. The dismantling, shipping, and reassembly was acco)nplished 
in 5 months. m 

Enormous technical advances have been made in both 
nuclear power and desalting over the past decade. It is 
reasonable to expect, therefore, that the accelerated pro­
gram that began in 1964 will produce new improvements 
that will have pronounced effect on the economics of 
desalting. 

AROUND THE WORLD 
No detailed study of worldwide water requirements 

exists , but in 1964 the United Nations published the resul ts 
of a survey of 43 countries entitled Water Desalination in 
Developing Countries. It found that there a r e about 20 
a r ea s of the world that need desalting and 41 others 
that may soon. Since there is usually only sketchy informa­
tion regarding unused water supplies that might supplement 
those now being tapped, i t ' s often difficult to know whether 
desalting is an absolute need in a specific country or 
whether other undiscovered resources await development. 

Already there a r e numerous desalting plants in operation 
in many par ts of the world. Many of these a r e in Africa, 
some in Asia, some in the Caribbean and Latin America, 
and a few in Europe. The majority are owned by individual 
companies and a re used to meet the water needs of their 
industrial p rocesses and their personnel . Many produce 
quite small amounts of water . 

The largest single desalting plant, producing 2.63 million 
gallons per day, is at Key West, Florida. At Shuwaikh in 
the oi l -r ich kingdom of Kuwait there are several govern­
ment-owned desalination units at one site with a total 
capacity of 10 million gallons per day. Other desalting 
installations with capacities of a million or more gallons 
per day are in Qatar, also on the Pers ian Gulf, the islands 
of Curago and Aruba off the coast of Venezuela, the 
Bahamas, Italy, Saudi Arabia, Holland, the Canary Islands, 
Malta, and Tijuana, Mexico. 

To prevent lack of water from acting as a brake on the 
growth of i ts economy, Israel has been exploring all pos­
sible ways for desalting seawater . When I s rae l ' s f resh­
water supplies a r e fully developed the nation will still 
only be able to meet projected demands through 1970. The 
United States and Israel a r e jointly studying the pos-

39 



sibil i t ies for a 100-million-gallon-per-day nuclear-powered 
desalting plant that also will produce 200 megawatts of 
electricity. 

The United Arab Republic is interested in installing a 
nuclear power and desalting plant to produce 150 mega­
watts of electricity and 5 million gallons of water per day 
at Borg El Arab, near the Mediterranean Sea. This a rea 
receives only about 6 inches of rainfall annually. The plant 
would be used in a pilot project to determine the most 
efficient use of desalted water for agricultural purposes, 
principally the cultivation of olives. A team of special is ts 
from the International Atomic Energy Agency* and the 
U S. consulted with officials of the U.A.R in 1965 con­
cerning this proposal. 

Mexico IS 60% a n d . The portion close to the California 
border is developing rapidly, and an aqueduct over 160 
miles long has been planned to supply 25 million gallons of 
water per day. Since the area has over 5000 miles of coast­
line the Mexican government is interested in the possibility 
of bmlding a dual-purpose nuclear desalting plant. With the 
cooperation of the International Atomic Energy Agency, the 
governments of Mexico and the United States have agreed to 
examine the feasibility of installing a large nuclear combina­
tion power-desalting plant on the Gulf of California to meet 
the needs of both countries in that region, (See photo on 
page 43.) 

Tunisia, in North Africa, i s already in desperate need 
of water. Its 4.2 million people suffer from a cr i t ical 
shortage. Humans need about 1.25 l i te rs (1.3 quarts) of 
water per day each as a minimum requirement . Although 
a salt content of 2.5 g rams (0.09 ounce) per l i ter (1.05 
quarts) is usually not considered unpalatable, the U. S. 
Public Health Service says that drinking water should not 
contain more than 0.5 gram per l i ter . The saline content of 
water in southern Tunisia var ies from 1.5 to 7 g rams per 
liter and in some places is as high as 24 grams per l i ter . 

The extreme shortage of fresh water goes hand in hand 
with a low grade of agriculture, and in spite of conserva­
tion efforts by the government, the Tunisian a n d zone is 

*The International Atomic Energy Agency is a United Nations 
organization to promote peaceful uses of atomic energy. Its head­
quar ters is Vienna. 
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designed, prototypes tested, and finally large plants built 
that could satisfy the demands of the electric util i t ies for 
commercial power. 

Nuclear power plants already under construction or 
firmly planned are expected to produce power at pr ices 
competitive with those of fossil-fuel plants in many areas 
of the United States. The nuclear plants have the capacity 
range of 400,000 to over 1,000,000 kilowatts and are ex­
pected to produce power for about 2.5 to 5 mills* per 
kilowatt-hour. From this point forward spectacular growth 
in the nuclear power industry is anticipated. Sixteen plants 
with a capacity of nearly 2.5 million kilowatts a re now in 
operation or soon will be, and over the next 13 years 
power authorities predict this figure will increase at least 
40 t imes over. By 1980 the nation is expected to have a 
nuclear generating capacity of about 150 million electr ical 
kilowatts.! 

Joining Forces 

Could the burgeoning technologies of nuclear power and 
water desalting be joined to help solve civilization's im­
mediate and projected needs for potable water"? The idea 
was not entirely new. 

In 1959 plans for a smal l seawater distillation plant 
utilizing a nuclear heat source were made by the Depart­
ment of the Interior and the Atomic Energy Commission as a 
joint project. The plan called for the use of an experimental 
process heat reactor coupled to a mill ion-gallon-per-day 
demonstration seawater distillation facility. 

Unfortunately, it was difficult to find the proper site for 
the reactor portion of the plant, and the joint venture was 
abandoned. However the Department of the Interior went 
forward with i ts part of the plan and a highly successful 
distillation plant was built in San Diego, California This 
IS the same plant that in 1964 was dismantled and r e a s ­
sembled at Guantanamo Bay, Cuba 

The uprooted San Diego unit was one of the plants built by 
the Office of Saline Water to demonstrate the different, 

*A mill IS equal to Vio of 1 cent 
fPower is measured in electrical watts, heat in thermal watts. 
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spreading in a northeasterly direction. Southern Tunisians, 
especially young people, a r e migrating northward. The 
Tunisian government is considering development of an 
industrial complex in southern Tunisia that would provide 
a demand for electr ical power and water based on a sizeable 
dual-purpose nuclear-power plant. The industry would 
stabilize the economy and r eve r se the flow of population. 

In November 1964 the United States and the Union of 
Soviet Socialist Republics signed an agreement to cooperate 
in desalting, including methods that use atomic energy. The 
agreement provides for exchange of scientific accounts, 
repor t s , and other documents. It calls for the organization 
of regular symposia and scientific meetings and provides 
that the International Atomic Energy Agency will receive 
copies of all repor ts and other documents that originate 
in the meetings, which appropriate member nations of the 
IAEA also will be invited to attend. 

The U.S.S.R. now has a 1.5-million-gallon-per-day de­
salting unit that converts brackish water at Shevchenko. a 
new city on the arid eas tern shore of the Caspian Sea. 
Construction of a dual-purpose plant using a nuclear heat 
source is also underway there . According to a Soviet r e ­
port, this plant may incorporate the country 's f i rs t large 
breeder reac tor . It will supply approximately 350 megawatts 
of power and possibly 30 to 40 million gallons of fresh 
water per day. In Russia, nuclear desalting plants may 
also be built in the Donets Basin, an important industrial 
dis tr ict that will have a water deficit by 1970. A third 
potential a rea of the U.S.S.R. for nuclear-powered desalting 
plants is the deser t of central Kazakhstan and other par t s 
of central Asia. 

The United States to Help 

By means of joint undertakings, such as those with Israel 
and Mexico, and agreements , such as that with the U.S.S.R., 
the United States has made clear that it wishes to share i ts 
capability in water purification with the r e s t of the world. 
The United States has offered to provide experts to the 
International Atomic Energy Agency to ass i s t in i ts nuclear-
desalting activit ies, to provide orientation visits for IAEA 
staff workers to U. S. facilities, and to establish grants and 
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"I t is essential , therefore, that we make every effort at 
this time to search for low-cost processes for converting 
sea and brackish water into fresh water to meet our future 
water needs and those of our neighbors throughout the 
world, I know of no Federal activity that offers greater 
promise of making a major contribution to the ultimate 
economic well-being of all mankind than this program," 

In 1961 Congress passed the Anderson-Aspinall Act, 
named for i ts cosponsors, Clinton P . Anderson, the New 
Mexico Senator, and Representative Wayne N. Aspinall of 
Colorado. This new act authorized expenditures of $75 
million for fiscal years 1962 through 1967 and placed heavy 
emphasis upon the importance of an expanded basic and 
applied research program, A 1965 amendment extended the 
program through 1972 and provided additional funds. 

Call for Action 

In 1964 President Lyndon B, Johnson, whose interest in 
water purification began during his early days in the 
Senate, provided the spur for a new, accelerated desalting 
effort. The President asked the Department of the Interior 
and the Atomic Energy Commission to prepare a plan for 
an aggressive and imaginative program to advance la rge-
scale economic desalting of seawater . 

Plans to construct a nuclear desalting plant m California were an­
nounced in August 1966 by (from left) AEC Commissioner James T. 
Ramey, Secretary of the Interior Stewart L. Udall, Mayor Samuel 
Yorty of Los Angeles, and Joseph Jensen, Board Chairman of the 
Metropolitan Water District of Southern California (see page 16). 



Some Congressional interest was aroused, but it was not 
until 1952 that Congress passed a bill authorizing the 
expenditure of $2 million in a 5-year program to produce 
quality water from brackish water or seawater . The bill 
enabled the Secretary of the Interior to establish the Office 
of Saline Water within the Department of the Interior. The 
program was later extended to June 1963, with the funds 
increased to $10 million. 

Seated at his desk in the 
White House, President 
Kennedy pressed a button 
made of magnesium extracted 
from seawater to start fresh 
water flowing from the de­
salting plant in Freeport, 
Texas, on June 21, 1961. 

Under a bill sponsored by Senator Clinton P. Anderson 
of New Mexico and passed by Congress in 1958, the Office 
of Saline Water was authorized to build five or more saline 
water conversion plants to demonstrate the most promising 
techniques. 

Shortly after he took office in 1961, Pres ident John F. 
Kennedy pledged his administration to redouble desalting 
efforts. Submitting to Congress a bill to expand and extend 
the saline water conversion program, the late President 
said, "Water —one of the most familiar and abundant com­
pounds on the ear th ' s surface — is rapidly becoming a 
limiting factor on economic growth in many a reas of this 
nation and the world. As time goes on, more and more 
communities will be faced with the prospect of economic 
d i s t ress and stagnation unless alternative sources of 
suitable water a re developed. 
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fellowships to bring qualified t rainees from other lands to 
study desalting methods in the United States. 

After signing the agreement with Mexico before delegates 
to the F i r s t International Symposium on Water Desalina­
tion held in Washington on October 7, 1965, President 
Johnson said, "The United States is prepared to contribute 
i ts share of the r e sources needed for an international c rash 
program to deal with world water r e sources . We ask other 
nations to join us in pursuit of a common objective. 

"Since the beginning of t ime, fresh water has always been 
one of humanity's most precious needs. For it many wars 
have been fought throughout history. Without it whole 
civilizations have vanished from the earth. 

"Now, we of this generation have an opportunity to put an 
end to all of that. Our generation real izes that we have the 
power. It i s the power of science. But if we a r e to use that 
power effectively we must use it together. 

"The Ear th ' s water belongs to all mankind. Together we 
just must find ways to make certain that every nation has 
it in full share and that there i s real ly enough of it for all 
nations." 

On October 7, 1965, the 
United States and Mexico 
signed an agreement to 
study the feasibility of 
building a nuclear-power 
desalting plant to serve 
portions of both countries. 
Left to right are Hugo Mar-
gain, Mexico's Ambassador 
to the U. S., Glenn T. Sea-
borg. Chairman of the 
USAEC, President Lyn­
don B. Johnson, and the late 
Nabor Carrillo Flores of 
the Mexican Nuclear En­
ergy Commission. 
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WHAT WE CAN ACCOMPLISH 

The world 's gathering water-shortage c r i s i s has many 
causes . In only a few specific places can natural aridity be 
blamed. In a reas well endowed with water r e sources man 
has allowed his r ive r s and lakes to become polluted with 
industrial and municipal wastes . He has not prudently 
guarded his water fortune but has spent it with lavish 
recklessness , and now finds himself impoverished. 

As an expanding industrial society and an exploding 
population increase the world 's thirst , all avenues of 
investigation must be followed. 

A verse m the Book of Eccles ias tes in the Old Tes ta­
ment reads : 

All the r ivers run into the sea. 
Yet the sea is not full. 
Unto the place from whence the 

r ive r s come. 
Thither they return again. 

This Simple statement is still t rue as well as beautiful. 
Hydrologists believe, however, that deep underground there 
a r e ancient natural r e se rvo i r s into which little, if any, 
water i s now being returned and from which none is being 
taken. Since these r e se rvo i r s a r e protected from evapora­
tion they could play a vital role in meeting water needs 
if they can be found. 

In the fall of 1965, U. S. government geologists, for 
instance, found a r iver of vast dimensions under the 
eastern par t of the State of Maryland. Test dril l ings 
revealed a channel 2 miles long and half a mile wide, there 
were indications that it extends 35 mi les . It is a buried 
freshwater t r ea su re . 

In an attempt to conserve existing water supplies, sc ien­
t is ts also a r e trying to develop a substance that will coat 
the surface of lakes and r e se rvo i r s to prevent evaporation. 
Efforts have also been made to keep heavy runoffs from 
rushing down to the sea, by diverting the water and spread­
ing it over gravel beds through which it will seep into the 
ground to r a i se the water table. 

A concerted international scientific effort, the Interna­
tional Hydrological Decade, began on January 1, 1965. For 
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GROWING CONCERN 

A tremendous volume of water—324 million cubic miles 
of i t — c o v e r s th ree-quar te r s of the globe. As drinking 
water, i t ' s use less to us in its present state because it 
contains 3y2% salt, and man can only tolerate 0.2%, Beyond 
that, the salt burden is more than human kidneys can 
secre te , and the body becomes dehydrated in i ts efforts to 
rid itself of the excess . The purer the water the better, 
although our taste buds do not agree: Absolutely pure 
water is t as te less , and most people prefer to drink water 
with some slight mineral content. 

In 1000 communities in the United States alone, the water 
supply IS "brackish" , and, though in some cases the salt 
concentration is within body tolerance, the water tas tes 
harsh and bi t ter . Residents of these areas have to transport 
potable water long distances or purchase bottled drinking 
water. 

WATFR QUALITY TABLE 

Water containing less than 1000 dissolved 
parts of salt per million parts of water 
(ppm)* 

Water ranging from 1000 ppm up to the 
dissolved salt content of seawater 

mildly brackish—1000 ppm to 
5000 ppm 

moderately brackish—5000 ppm to 
15,000 ppm 

heavily brackish—15,000 ppm to 
35,000 ppm 

Water containing approximately 35,000 ppm 
Water containing more dissolved salt than 

seawater, such as the Great Salt Lake or 
the Dead Sea 

*ppm means parts per million. 
Office of Saline Water, The Department of the Interior 

After World War II this country 's expanding industrializa­
tion and explosive growth in population made heavy demands 
on water supplies. The evolving water problem was seen by 
some far sighted legislators as ser ious enough to warrant 
Federal Government research into the possibility of eco­
nomically converting saline or brackish sources to potable 
water . 

Fresh 

Brackish 

Seawatei 
Biine 
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Agriculture is also a tremendous consumer of water. 
From 75 to 100 billion gallons per day are required in the 
United States for irrigation alone. It takes 37 gallons of 
water to make 1 slice of bread, 3750 gallons to produce 
1 pound of beef, and 200,000 gallons to grow 1 ton of alfalfa. 

Simple household uses require more water than most 
people real ize . Every time a toilet is flushed, 7 gallons of 
fresh water are used. In a 5-minute shower you draw 
25 gallons, and if you water your lawn for an hour, you 
need 300 gallons. 

ESTIMATED WATER USE IN THE UNITED STATES 

(In billions of gallons daily average) 

Year 

1900 
1910 
1920 
1930 
1940 
1944 
1945 
1946 
1950 
1955 
1960 
1965 
1970 
1975 

Office of Saline 

T o t a l w a t e r u s e 

Water, 

40 
66 
92 

110 
135 
188 
175 
168 
203 
262 
312 
359 
405 
453 

The Department of the Interior 

For all these needs in the United States we presently 
require about 390 billion gallons of fresh water per day, 
or about 2000 gallons per person. Moreover, water use is 
growing at the rate of 25,000 gallons per minute. So it is 
with good reason that even a water - r ich country like ours 
views its future water needs and supplies with some anxiety. 

4 

THE WORLD'S WATER 

Icecaps and 
glaciers 2.15% 

In atmosphere .001% 

Liquid fresh water .63% 

Ground Water 
Less than one 
half mile deep 

(1 mit cubic miles) 

In Lakes 
(30,000 cubic miles) 

In Surface Soil 
and percolating downward ' 

(16.000 cubic miles)-

In Rivers and Streams 
(300 cubic miles)-

Most of the world's water, as shown in this diagram, is in the 
oceans or the ice sheet covering Antarctica. Most of the water on 
land is underground. The percentage readily accessible intakes is 
small. One of the goals of the International Hydrological Decade is 
to find ways to exploit underground reserves without depleting 
them. Copyright 1964 by The New York Times Company. Reprinted by permission. 

10 years water scientists all over the world will direct 
their labors toward understanding the complexities of the 
water cycle. 

In the United States a Federal Resources Council will 
investigate all aspects of the water problem and ways to 
solve it . 

President Johnson's request to the Atomic Energy Com­
mission and the Department of the Interior to join the 
growing competence of nuclear power and the advancing 
technology of desalination, is intended to help this nation 
and the world meet water requirements . 
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Desalting of water is not a panacea for all mankind's 
water needs. Every sound approach, every technologically 
feasible means of increasing the supply of potable water 
will be needed to meet the staggering demands of the future. 
Nuclear-powered desalting units will be prominent among 
the methods by which we will obtain large amounts of ad­
ditional fresh water . Fortunately for the world 's thirst , 
nuclear power for desalting will be available soon, ra ther 
than late. 

At the request of the Government of Israel experts from the 
United Nations Technical Assistance Administration are helping to 
explore and develop that country's water resources This modern 
rotary drilling rig is being used m the Negev Desert during ex­
plorations for underground water The drill hit had just been 
brought up from a depth of 500 meters 
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Life, Health, and Growth 

In primitive living conditions a minimum of 5 gallons of 
water per day per person suffices, and millions of people 
today still must scoop this amount up from shallow pools 
or foul s t r eams ; some must haul it long dis tances. In 
Madagascar women car ry home heavy pails of water, 
balanced on their heads, across miles of hot sands, 
Hollowed-out t ree trunks provide an army of small water 
r e se rvo i r s in pa r t s of the Sudan. After the trunk has been 
filled with water the opening is sealed with wet clay to 
protect the contents from contamination. 

Somalian women collecting drinking water from puddles after a 
ram. 

But technological societies place an increasingly heavy 
burden upon resources that must provide water not only for 
drinking but also for sanitation, irrigation, production of 
power, and countless industrial operations. 

Huge quantities of fresh water a re needed by industry. 
For instance it takes 240,000 gallons of water to produce 
1 ton of acetate, 660,000 gallons to make 1 ton of synthetic 
rubber, and 1,115,000 gallons to derive 100 ba r r e l s of 
synthetic fuel from coal. 
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Although progress in science and medicine has shown the 
nature of these charac te r i s t ics to be vastly more complex 
and subtle, the influence of water on man's life and well-
being remains undeniably great . 

Early Water Management 

Man has focused much of his creative ipnagination and 
engineering skill on the management of water supplies. 
Fifty centuries ago the Mohen]0-daro civilization of the 
Indus Valley in India enjoyed the benefits of well-designed 
water supply and drainage sys tems, as well as public 
swimming pools and baths. 

Sanskrit writings, said to go back 20 centuries B.C., 
descr ibe several methods for making foul water pure, such 
as boiling or filtration through sand and gravel Pictures 
on the tomb of an Egyptian king, 12th Century B . C , show 
the use of siphons to car ry off water clarified by precipi ta­
tion. 

This picture on a 12th century B.C. Egyptian tomb shows the use 
of siphons to draw off Nile River water purified by sedimentation. 

And who would know better than sa i lors , surrounded by 
hundreds of miles of salt water, the value of the simple 
p rocess of disti l lation—boiling salt water and condensing 
the steam into pure water ? 
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Nuclear Energy for Desalting 
By GRACE M. URROWS 

MAN IS THREE-FOURTHS WATER 

You a re three-fourths water. That ' s not a comment, i t ' s 
a statement of fact that dramatizes why you cannot live 
without it. Your life, your health, your food, and even your 
prosperity require a continuing supply of water. 

The Ancients couldn't enumerate the body's constituents 
as modern scientis ts can, but simple observation told them 
of wa te r ' s importance and influence. 

In the Old Testament of the Bible, the Hebrew poets sang 
of "A good land, a land of brooks and waters , of fountains 
and depths that spring out of valleys and hi l ls" (Deuteronomy 
8: 7). 

In the Koran Mohammed warned, "No one can refuse 
surplus water without sinning against Allah and against 
man". 

In the fourth century B,G,, Hippocrates, the venerated 
Greek physician and philosopher, believed that the physiques, 
fertility, industriousness, and i l lnesses of the people of his 
world were in large measure a result of the waters 
available to them. 
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Nuclear Energy for Desalting 
THE COVER 

On a catwalk atop a maze of pipes at a 
desalting plant in San Diego, California, 
an engineer opens a steam valve to heat 
brine before it is piped to evaporators 
and "f lashed" into fresh water. This 
plant, later moved to Cuba, was de­
signed and built for the Office of Saline 
Water. Department of the Interior, by 
the Westinghouse Electric Corporation. 
(Also see illustrations on pages 10, 11, 
and 22.) 
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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 
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myriad benefits that nuclear energy offers them. 
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Students and teachers who need other material on spe­
cific aspects of nuclear science, or references to other 
reading material , may also write to the Oak Ridge address . 
Requests should state the topic of interest exactly, and the 
use intended. 

In all requests , include "Zip Code" m return address . 

Printed in the United States of America 

USAEC Division of Technical Information Extension, Oak Ridge, Tennessee 
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