
Desalting the Pacific 

A progress report on how we are 

tackling the problem of getting fresh water from the ocean 

by Jack E. McKee 

From the earliest days of recorded history, man has 
dreamed of using the vast quantities of ocean water for 
drinking or  for irrigation. Of all of the water on the 
surface of this planet, over 99.99 percent occurs in 
the ocean. If it were piled on the land, i t  would 
stand over 2 miles deep. In comparison, the total yearly 
rainfall over the entire land surface is only about 24 
inches, and all of the moisture in the atmosphere is 
equivalent to only about 2 inches. Yet, the great bulk of 
water has been locked away from us because it is too 
saline for our use, and we haven't discovered how to 
convert it at reasonable cost. 

Certainly, the desalting of sea water is one of the 
most challenging and fascinating problems ever faced 
by scientists and engineers. Until recently, its solution 
was not too urgent; but with increasing pressure from 
population growth throughout the world, and with larger 
and larger per capita use of fresh water as  our civiliza- 
tion becomes more industralized, the problem has been 
brought into sharp focus. 

In military activities, where expense is not a consid- 
eration, the desalting of sea water is a practical and 
accomplished fact. Special kits are available on life 
rafts, employing the ion-exchange process, which produce 
fresh water from the ocean at a cost of about $5.00 per 
pint. On Iwo Jima, during World War 11, the entire 
supply of drinking and cooking water for more than 
30,000 Army, Navy, and Marine personnel was produced 
by various types of distillation units. This method of 
producing fresh water is also used aboard many ships. 
It is certainly cheaper to haul one gallon of fuel oil than 
the 100 gallons of potable water that can be produced 
from the heat of such oil. 

Distillation units are already employed for municipal 
water supply where no other sources are available. At 

Curacao in the Dutch West Indies, a population of 
45,000 is supplied with fresh water by a 6-stage evap- 
orator having a capacity of 770,000 gallons per day 
(gpd). At Kuwait on the Persian Gulf, and at Aruba, 
near Venezuela, similar distillation units are employed 
to supply these oil-producing communities. Even in Cali- 
fornia. the Pacific Gas and Electric Company distills 
144,000 gpd of fresh water from the ocean. The cost of 
such water, however, is approximately $2.15 per thou- 
sand gallons or $700 per acre foot. 

At this point it might be wise to pause and consider 
the standardization of price quotations. You may read 
one promoter's claim that his scheme for getting fresh 
water from the ocean costs only 15 cents per ton of fresh 
water, which sounds ridiculously cheap. More frequently, 
you will see a figure such as 60 cents per thousand 
gallons, which still appears to be quite inexpensive. The 
same price, when expressed as $600 per million gallons 
sounds prohibitive. Here in the West, we are accustomed 
to the term "acre foot" (AF).  Any rancher or water- 
works operator knows how much he can afford to pay for 
an acre foot of water; therefore, I shall confine all price 
quotations here to dollars per acre foot. If you are 
accustomed to other yardsticks you might remember that 
water priced at $10/AF is equivalent to: 

$30.70 per million gallons 
or 3.07 cents per 1000 gallons 
or 2.30 cents per 100 cubic feet 
or 8.4 cents per ton 

Thus, the quotations of 15 cents per ton or 60 cents per 
thousand gallons, as mentioned before, are both equiva- 
lent to about $200/AF. 

It is also important to standardize methods of com- 
puting costs to take into account maintenance, deprecia- 
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tion, and interest on the capital investment, as well as 
power or heat costs. Often you will see a ridiculously 
low pricequoted for desalting sea water. If you can pin 
down the source you will probably discover that the cost 
is for power only, and then probably at an impossible 
rate. 

To minimize rash statements that may lead to false 
hopes, the Department of the Interior's Office of Saline 
Water has established a realistic standardized cost-esti- 
mating procedure. I t  includes amortization based on a 
20-year plant life and 4 percent interest. Power is rated 
at v2 cent per kwh, heat at 25 cents per million Btu, and 
steam at 55 cents per 1000 lbs. Land costs are figured 
at $3 per gpd capacity and storage is provided for 10 
days production of water. Most of the cost figures in this 
report comply with this standardized procedure. 

The three large categories of water uses in the United 
States are irrigated agriculture, domestic use, and indus- 
trial requirements. Let us take a look at the prices that 
these three groups are accustomed to paying. 

TYPICAL RATES FOR WATER 

Approximate Water Rates 
per acre foot 

Beneficial Use Lowest Common Highest 

1. Irrigation water 
a. Bureau of Reclamation .................. $1-2 $ 2-6 $ 27 
b. Independent districts ...................... 2-5 5-10 40 
c. Individual wells ................................ 2 10 20 

2. Municipal Water 
a. Raw water cost to city .................... 2 10 50 
b. Owens Aqueduct 

( Los Angeles) * ................................ - 19 - 
c. Pasadena, MWD water* 

(1956) ................................................ - 44 - 
d. Retail Cost to consumers .............. 5-10 50-80 200 

3. Industrial water .................................... 2 50-100 1000 
*Total costs, including amortization of bonded indebtedness and 
treatment. 

Irrigators are accustomed to cheap water. Most sales 
by the Bureau of Reclamation are at rates $2-6/AF, and 
the highest at  $27/AF. To pump water from under- 
ground basins generally costs $4-5/AF per 100 foot lift. 
Many ranchers pump 150 to 400 feet, at a cost of 
$6-20/AF. 

When considering municipal water, one must recog- 
nize the difference between the cost of raw water to the 
city, and the cost to the consumer of the treated and 
distributed water at the tap. Most raw water costs are 
comparable to those of irrigation water. From a study of 
water rates around the country, it is apparent that the 
retail consumer pays a price considerably higher than 
the raw water cost, with most householders paying about 
$50-80/AF. Note that the cost to the consumer at the tap 
is two or three times the cost of the raw water. In other 
words, it costs more to distribute the water than to obtain 
it initially. 

< 

Insofar as industry is concerned, the value of water 
depends entirely upon the nature of the industry. Paper, 
textile, tannery, and steel mills must have abundant and 
cheap water, probably as cheap as irrigation water. Most 
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industries can afford delivered city water, that is at 
$50-80/AF or even more. Some highly specialized in- 
dustries need small quantities of fine-quality water, and 
they can afford to pay a premium price for it. Or, they 
may treat the water by expensive means, at costs up to 
$1000/AF or more. To industry, water is a raw material. 
For this reason, many industries tend to locate where 
water is abundant, cheap, and of good quality. 

At the beginning of the Saline Water Conversion Pro- 
gram of the Department of Interior in 1952, two arbi- 
trary cost goals were set, one for municipal water and 
one for irrigation water. The goal for municipal water 
was set at $125/AF and that for irrigation water at 
$40/AF. As the table (left) indicates, however, these 
goals are still at the upper end of the scale for the 
typical rates now being paid for municipal and irriga- 
tion water. If these rates can be obtained by practical 
sea-water conversion units, such water will begin to 
become competitive with alternate existing supplies in a 
few localities. 

The salinity of ocean waters is fairly uniform at about 
3.5 percent solids, or, in the concentration term most 
commonly used, 35,000 milligrams per liter (mgpl) . In 
the Persian Gulf, however, it is nearly 40,000 mgpl, and 
probably almost as high in the Gulf of California. In 
Chesapeake Bay it is about 15,000 mgpl and in the Baltic 
Sea only 7,000 mgpl, When considering the Pacific 
Ocean, 35,000 mgpl is a suitable figure. I t  may be 
broken down into the most common constituents as shown 
in the table below. 

MAJOR SALTS IN SEA WATER 

Concentration Expressed as 
Substance mg/liter Ibs/WOO gallons 

Cations: Sodium .......................................... 10,722 89.5 
Magnesium .................................. 1,297 10.8 
Calcium .......................................... 417 3.5 
Potassium ...................................... 382 3.2 
Strontium ...................................... 14 0.12 

Anions: Chlorides ...................................... 19,337 161.2 
Sulfates .......................................... 2,705 22.6 
Bicarbonates & Carbonates .......... 104 0.9 
Bromides 66 0.5 
Berates .......................................... 18 0.2 

Traceions ...................................................... 17 0.2 
Totals .......................................... 35,079 292.7 

When the sea water is desalted, how pure must the 
fresh water be? The drinking water standards of the 
U.S. Public Health Service specify that the total dis- 
solved solids should not exceed 1000 mgpl. The USPHS 
also specifies that the magnesium should be less than 
125, the chlorides less than 250 and the sulfates less 
than 250 mgpL 

For irrigation water, it is desirable to keep the total 
dissolved solids less than 650 mgpl, and certainly less 
than 1200 mgpl except for the hardiest crops under the 
most favorable irrigating conditions. In addition, chlo- 
rides should be less than 200 mgpl and boron less than 
0.5 mgpl. Sodium is  particularly detrimental in irri- 
gation water, especially when the ratio of sodium ions 
to total cations on an equivalence basis exceeds 60 



percent. The table below shows a summary of these 
water quality criteria for domestic and irrigation waters. 

SOME APPROXIMATE LIMITS OF WATER QUALITY 
Concentrations in mg/liter 

Substance Domestic Use Irrigation 
Total dissolved solids ...................................... 1000 650-1200 
Chlorides 250 200 
Sulfates .............................................................. 250 500 
Magnesium ........................................................ 125 - 
Boron ................................................................ - 0.5 
Sodium ratio (Na/Ca+Mg+Na) ............ - 60% 

Based on total solids, these criteria show that over 97 
percent of the salts must be removed from the water; b u ~  
this would still leave the sodium concentration at 320 
mgpl and the sodium ratio far greater than 60 percent. 
For domestic use and irrigation, such high sodium con- 
centrations would be prohibitive. I t  appears, therefore, 
that almost 100 percent of the salts must be removed 
from sea water. 

For industrial water, the requirements for purity vary 
tremendously with the characteristics of the industry and 
the use to which the water is put. For example, high- 
pressure boiler feedwater must be close to distilled water 
in quality. On the other hand, sea water itself can be 
used for once-through cooling water. For most industries, 
water that meets the domestic criteria will be suitable as 
a source of raw water, although the industries may have 
to modify this water somewhat for special purposes. 

Until a few years ago, research in the desalting of sea 
water was sporadic and uncoordinated. In 1952, however, 
the Congress of the United States recognized the impor- 
tance of this problem and passed Public Law 448. This 
act authorized the Secretary of the Interior to develop 
practical low-cost means of producing from sea water, 
or from other saline waters, fresh water of a quality suit- 
able for agriculture and for industrial, municipal, and 
other beneficial consumptive uses. The initial appropria- 
tion was $2,000,000 for a fiveyear period, extending to 
June, 1957. The last Congress extended the program for 
an additional five years, and has increased the money 
value of the research to a total of $10,000,000 or 
$2,000,000 per year. To assist the Secretary of the In- 
terior in broad policy matters, an advisory group was 
named consisting of nine qualified persons in various 
fields related to the program. One of this advisory group 
is Caltech's President Lee A. DuBridge. 

Within the Department of the Interior, an Office of 
Saline Water was established. This office administers the 
program by research and development contracts with 
many private agencies. 

Various methods have been investigated for the desalt- 
ing of sea water. Utilizing principles of thermodynamics 
and physical chemistry, it is possible to calculate the 
absolute minimum free energy required to separate salt 
from water, regardless of the method used. This is a theo- 
retical energy requirement which is a property of the 
molecular forces holding the salt in solution. At 25OC 
this minimum free energy is 2.89 kwh per 1000 gallons, 
or 94<0 kwh,/AF. 

This is the work required when operating an ideal 
process, infinitely slow, with an infinitesimal fraction of 
fresh water from a huge volume of sea water, with nc 
heat losses and no inefficiencies. To recover one gallon 
of fresh water from every two gallons of sea water, the 
minimum free energy is about 1200 kwh/AF. The best 
overall efficiency we can hope for is 33 to 50 percent, 
making this energy requirement 2400 to 3600 kwh/AF. 
Costs for amortization and maintenance of the plant must 
be added. 

According to a recent OSW report the actual minimum 
energy requitements have been calculated for two meth- 
ods of desalinization, taking into account the rate phe- 
nomena, plant costs, and several other factors, but still 
excluding many losses in energy conversion devices and 
the water transport requirements. This report computes 
theoretically that the minimum energy requirement will 
be about 3500 to 4000 kwh/AF, or about four times the 
theoretical ideal minimum. On this basis, with power at 
0.5 cents per kwh, the minimum cost would be about 
$18/AF. To allow for energy losses and other ineffici- 
encies, this figure would probably be doubled to about 
$35/AF. 

Desalting processes 

All processes for desalting sea water can be divided 
into two categories; those that extract the water from the 
saline solution and those that remove the salts from the 
solution. The costs of processes that extract water will be 
relatively independent of the salt concentration except 
for problems of scaling. For processes involving the 
removal of salts, the cost will be approximately propor- 
tional to the concentration of salt. 

Methods of desalinization have been divided also into 
physical, chemical and electrical processes. Among the 
most prominent of the physical processes are the various 
distillation methods, solar radiation, temperature-dif- 
ference processes, nuclear-energy adaptions, freezing, 
ultrasonics, and osmosis. Chemical processes include 
precipitation of salts and ion exchange. Electrodialysis 
constitutes the most significant electrical process. 

Simple distillation operates like a conventional labora- 
tory still, but it is not nearly as useful for salt-water con- 
version. The heat required is equivalent to about 900,000 
kwh/AF or about 1000 times the minimum free energy. 
Needless to say, the cost is prohibitive. 

Engineers discovered long ago that the efficiency of 
distillation could be improved by several stills in series. 
Multiple-effect distillation utilizes the vapor from each 
still to heat the next still at a lower pressure, which is 
maintained by vacuum pumps. Heat requirements have 
been cut to about 200 times the theoretical minimum, but 
costs are still in excess of $700/AF. W. L. Badger of Ann 
Arbor, Michigan, has proposed a multiple-stage long-tube 
vertical evaporator of the type used by the salt industry. 
The cycle requires completely scale-free operation. If 
this can be achieved without the use of acid or .non-fer- 
rous metals, Badger feels that fresh' water conceivably 
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might be produced at $130/AF. Before this optimistic 
estimate can be accepted, the process must be tested 
adequately. 

If the vapor from a still is compressed it will condense 
at higher temperature and can be used to heat the sea 
water. This process is known as vapor-compression dis- 
tillation. With the aid of heat exchangers, the heat input 
can be greatly reduced, but expensive electric power is 
required. During the war, water from such equipment 
cost about $400/AF, but with technological improve- 
ments this cost might be cut appreciably. One such im- 
provement is the Hickman rotary still (below). Here the 
feed water is spread by centrifugal force in a thin 
film over the surface of a conical rotator. This action 
increases the rate of heat transfer from 500 up to 3500 
Btu per hour per square foot per degree F. Inasmuch as 
salt water at temperatures as low as 125" F can be 
sprayed on the inside surface of the rotating drum, the 
probability of scale formation is minimized. A pilot 
plant designed to produce 25,000 gpd is under construc- 
tion and there is promise that the cost might be reduced 
to $115/AF, but this remains to be demonstrated. 

As far back as 1930, a Frenchman named Claude pro- 
posed that the difference in temperature between cold 
deep ocean waters and warm surface waters could be 
used to produce power and fresh water. When warm sea 
water is taken in under reduced pressure, some of it 
evaporates. This vapor can be used to drive turbines and 
generate power to help operate the pumps. Then the 
vapor is condensed by cold sea water. Where deep ocean 
canyons are close to shore, this process may prove to be 
feasible. At present, such a plant is being planned by 
French engineers at Abidjan in West Africa to produce 
150,000 gpd of fresh water, The French engineers esti- 
mate costs of about $150/AF now and possibly as low 
as $100/AF in the future. 

The Hickman rotary still combines vapor-compression 
with evaporation from a thin sea-water film maintained 
by centrifugal action. 

In  a solar still, vapor formed by evaporation condenses 
on the underside of the glass and flows into the trough. 

Why not copy nature and use solar heat for vaporiza- 
tion? Solar stills of the type shown above will produce 
fresh water at the rate of one pint per day per square 
foot of exposed surface in sunny climates. Expressed 
otherwise, one acre of stills will yield 6 acre feet of fresh 
water per year. At this rate, one acre of stills would be 
needed for every 2 or 3 acres of irrigated land or resi- 
dential area! 

In the Southwest, the energy received on a horizontal 
surface is about 2000 Btu per square foot per year. A 
solar still will collect about half of this energy, but its 
efficiency in vaporizing water is less than 1 percent. 
Furthermore, the cell operates only 6 to 8 hours a day. 
By using the ground as a storage bank for the sun's heat, 
or by combining solar stills with multiple-effect or vapor- 
compression distillation, it is hoped that some of these 
disadvantages can be overcome. Other proposals include 
a 10-stage sandwich-like arrangement of alternating ab- 
sorbing and condensing layers on a sloping surface, 
which shows promise of a five-fold increase in the pro- 
duction rate. Former costs were about $900/AF but 
present estimates with improved stills range from $325 
down to $165/AF. 

Another way to copy nature is to freeze water, inas- 
much as the concentration of salt in ice frozen from 
sea water is considerably less than in the original water. 
Slow freezing combined with centrifugal action can be 
used to produce water relatively free of salt, and by 
successive cycles in this fashion, water of acceptable 
quality can be produced. Inasmuch as the heat removed 
in the freezing of water is only one-seventh of that 
required to boil water, one might anticipate that freez- 
ing would be considerably l e s ~  costly than distillation. 
A further advantage lies in the reduction of scale and 
corrosion. 

Unfortunately, however, low-temperature refrigerating 
machinery is inherently more expensive than high-tem- 
perature heat-exchange equipment. The University of 
Washington has made a careful economic study of all 

continued on page 28 
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Desalting the Pacific . . . continued 

existing and potential equipment for freezing sea water. 
An ideal arrangement of such units could provide fresh 
water at a cost of approximately $750/AF. 

The Carrier Corporation is conducting research to 
determine the economic feasibility of a method to com- 
bine freezing and evaporation. Another new approach. 
known as "zone freezing.'" is being evaluated by the 
Battelle Institute. There have been been reports of pilot- 
plant studies on the freeze-evaporation sjstern developed 
by Zarchin in Israel, and the process was studied analyt- 
ically by the University of California, but the university 
coiilrl not reconcile its cost estimates with the enthusiastic 
ones of the inventor. 

Mi~cellaneou~s physical processes 

4s any student of high school physics knows. water 
molecules will pass through a permeable membrane from 
a zone of fresh water into a zone of salt water by a proc- 
ess known as osmosis. If sea water and fresh water are 
placed on opposite sides of a permeable membrane, the 
water surface on the sea-water side will be about 850 
feet higher than on the fresh-water side. In other words, 
the osmotic pressure of the sea water is about 350-400 
lbs/sq. in. This phenomenon can be reversed. and water 
made to flow from the salty side to the fresh side by 
superimposing a tremendous pressure. With cellulose 
acetate membranes, 90 to 95 percent of the salt can be 
removed from the water in one operation. To get drink- 
ing water. two or more passes would be required. From 
an engineering point of view, there are many practical 
disadvantages to such an operation, especially when 
large pressures and membrane clogging are involved. 
Cost estimates for this process are not available. but they 
are known to be prohibitive. 

It has been suggested that saline water conversion can 
be combined with nuclear power generation to reduce 
the energy cost. At present. however, the cost of power 
o r  heat from nuclear energy i-i not conipetithe ~ i t h  that 
f rom fo-''sil fuels quch as coal and oil. Nuclear energy 
* not likely to hpcornc cheaper than comentionai soijnae's 
of e n e r p  until ihe latter are rwaiing depletion. It is 
possible. however. that there rnay be hays of using 
ruiclear icartor-! prirnaiih to produw lou-t~rripcrature 
s!~arn or hv ulili7ing the power during the off-peak pe- 
riod-'. The Fluor Corporation ha- ju-;i underlaken a studv 
of the applicability of co rnb i r~ ingnur l~a r  e-pero proc- 
ess~-)  with saline water conversion. 

Lip until now. we havp con-iidered methods bv which 
the water is removed from the saline solution. Would it 
be  cheaper to take the salt from the sea water? 

It is possible to remove salts from solution by rhemi- 
ca1 pr(-ripitation: for example. rhloride ion's ran be 
remoled by precipitation with silver. (;hemica1 treatment 
of v a  water require-! the use of many rliffcreni e a l ~  aomp 

of which are quite expensive. The cost of the salts alone 
would amount to over $10.000/4F. Obviously. this 
method is beyond any further consideration for large- 
scale desalting processes. although it was used on life- 
rafts during the war. 

The principle of softening by ion-exchange resins can 
he extended to the removal of all salts from sea water. 
What is more, these resins can be regenerated and re- 
used. (Unfortunately. this regeneration require? large 
quantities of chemicals. The cost of these chemicals alone 
has been estimated at  $6,000 to $8,00O/AF of fresh 
water produced. Thus, it appears unlikely that any known 
chemical method for desalting sea water will he eco- 
nomically practicable. 

When electrodes are placed in a saline solution and 
subjected to an electrical potential, cations in the solution 
will migrate to one electrode and anions to the other. If 
the container is divided into three compartments by 
means of two porous diaphragms, the center compart- 
ment will soon become free of ions that have migrated in 
either direction. To accomplish this purification. a high 
proportion of the ions must he neutralized at the anode 
or cathode, with a large expenditure of electrical energy. 
Minimum cost has been estimated at over $500/4F. 

A new type of membrane, consisting of sulfonated 
polystyrene divinyl benzene or similar resins. was debel- 
oped a few years ago. These membranes can be nega- 
tively charged so as to permit the passage of cations but 
not anions. or  the! can be positively charged so as to 
permit the passage of anions only. They provide a means 
whereby the costly neutralization of the ions at both 
electrodes can be minimized by the use of multiple 
channels (below). Any ion can pass through one mem- 
brane but not through two in succession; consequently. 
every other channel become-; fresh. while the alternate 
ones get twice a" brackish. 
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Desalting the Pacific . . . continued 

The announcement of this process a few years ago was 
greeted by enthusiastic "armchair"' estimates as low as 
$100/AF. Recent figures, based on pilot-plant experi- 
merits. are far  less encouraging. Because the electric 
power requirements are proportional to the concentration 
of salt, the process does not look promising for  concen- 
trated sea water. but it appears to offer some good pos- 
spects for brackish waters. For a flow of 1.0 mgd, the 
cost of changing the salt concentration from 4.000 mgpl 
to 500 mgpl has been estimated at  $260/AF. For desalt- 
ing sea water, this method now appears to be completely 
unecoriomiral. 

Other potential methods of desalinization a re  being 
studied. but the experimental work has not progressed to 
the state where reliable cost estimates can be made. For 
the methods just described, the table below shows a sum- 
mary of the estimated costs based on large-scale installa- 
tions. You will note that present costs are considerably in 
excess of the two goals described previously-$125 for 
municipal water and $40 for irrigation water. It is pos- 
sible. however, that refinements in these processes will 
eventually bring down the costs to the neighborhood of 
$125-150/AF. 

ESTIMATED PRODUCTION COSTS 

hstirr~atsd Pioduition (list's for I,/~~ge-'idile 
Sea Water C on1 croon Pror-ewev 

f i n  dollar's per acre foot) 

Multiple effect diqtillation $700 
Va1)or-compres4on distillation 100 
Temperature difference vaporization (Frrnc h )  150 
Solar di~tillation. with (ombination'- 125 
Freezing, with combinations 750 
Chernical precipitation 10.000 
Ion evhange 8.000 
Elec trulytic a< tion 500 
[on-Permeable memhrdrie- 

(for  Lra( ki-11 water oniv ) 260 

Po'iiihie 
Future 
$130 

115 
1 on 
165 
? 

10.000 
6.000 

500 

260 

The major cost factor in the water supplies of o u r  
I a r p  cities, such as Boston. N e v ~  Jork .  San Franci-ito. 
a r i d  4ngele-= i- attributable to the transportation of 
the w itci : that h. tl> the amortiyation of the large aqiir- 

chic-t--. Fortunately fo r  rno - t  of iheae cities. the water ha< 
34 soiirre in mountain-;. and flows to the citj In gravih.  
When fresh water is pioducecl from the ocean. however. 
i t  hi l l  hate to be pumped to a municipality or irrigation 
district. The cost of such pumping. and the amortization 
of the ner-essarv pipelines. nil1 cost 30 rents to 70 
cents/AF/mile. To pump water from the Gulf of Cali- 
fornia to Phoenix for example. wi l l  cost $50-$100 / 4F. 
depending on power rates. amortization, and type of 
a(riieduct. Trari-iportiition cwts such as this must be 
irirludt-d in the total cost of fresh water from the ocean 
delivered to a citj or irrigation distrirt. 

This question is often asked: In addition to f rwh 
water. can't we also recover magnesium and other valn- 
able chemicals from sea water? The answer i s  yes. but 
let us examine the practicability and the economic feasi- 
bility. Already there are plants in the United States 
where sodium chloride. magnesium salts. calcium sill- 

fate. and bromine are obtained from sea water. In addi- 
tion. most of our domestic iodine is recovered from oil- 
field brines which are more saline than sea water. None 
of these processe-i involve the simultaneous production 
of fresh water. 

The evaporation processes described previously do not 
remove all of the water from the saline solution. In fact. 
care must be taken not to remote too much because of 
scale formation arid corro-ion problpms. To evaporate 
the sea water to dryneqs. or to a very concentrated brine 
from which chemicals might be recovered. would add 
greatly to the cost. Furthermore. there would be a high 
cost for separating the mixed salts and purifying them 
for marketing. Finally, the average water demand cor- 
responds to over 5 tons of by-product salts per year per 
person. 

I n  his book. Fresh 11 (Her from the 0( fwn, Cecil B .  
Ellis has analyzed other economic facets of this prohlern 
and has reached the conclusion that the profits from 
recovery of by-product chemicals ftoulcl lie between zero 
and $6/4F of fresh water produced, provided only that 
no more than one plant of 1000-rngd capacity s e r e  built. 
Further plants would flood the maiLet with ehemirals. 

Conclusions 
Ry technological irnproumerits. it is remotell ron- 

ceivable that de'-aliriization of sea uater can lie accom- 
plished for $125-150/ 4r i n  the next fise or ten years. 
Such ftater might find a market in certain iji(hstrie= or 
isolated comrniinitie-- lorated at qea !elel. For inland 
cornmnnitie-i. the cost of tran-iportatiori rriu-.t ht~  added. 

Based on the t h e o i t ~ i ~ a l  ~orisiclerations of therrno- 
dynamic--' and physical chcrni'-'tn. it should he powihie 
to produce i r ~ s h  watpr f r o m  the ~ c e a v  at Â¥-o-;t of ahoi i t  

% 'i5'4k" at wii ]p ie l .  'rh'i- i- p i t  i & i i l  figure h n ~ f - $ t = r  ':li<j 

to diite no It  no^ t i  p r c x w .  "kt'< piorrii-e of approat hirig 
it. Li i t  I ins' a major  "hreulvthrousli of - ( i c r ~ t  i i n d  t t  < h- 




