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April i2, 1965 

DESALINATION OF SEA WATER 

by 

H. Harty 

INTRODUCTION 

The increasing world population and improved standard of living is placing 

an increasing de~nd on world resources. One of the most basic resources 

is water. To extend existing water resources a number of plans have been 

proposed, ranging from water re-use (an extensive practice today) to 

weather control to put water where it is neede~, when it is needed. The 

most practical solutions to water shortage problems include increased water 

.;re-use (the cleanup and re-use of existing· water supplies), water storage 

(controlled runoff),. water distribution (transporting water from areas o~ 

abundant supply to areas of short supply), and sea water (or brackish 

water)desalination. This paper deals with the last process -- desalination 

of sea and brackish waters.-

WATER RESOURCES - WATER USAGE 

~he problems of water .supply should .be considered in a context of 
• I 

potential water resources, water usage and water distribution. The water 

resources available (or potentially available) to the United States are 

shown in Figure 1. At the top of the list are the oceans with 3.36'x 1020 

gallons of water, a 100,000 year water supply if we never replace a drop 

of it. The United States storage of water is estimated at 7.0 x 1014 

gallons. (l) The avera~e rainfall in the United States which appears as 

runoff (1.1 x 1012 gpd) is the.primary water resource that we have to 

work with. Of this amount, the Pacific-Northwest receives 1.36 x 1011 
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gpd (maximum dependable flow). (2 ) Average drainage from all other states 

west of the Contine·ntal Divide is 8. 7 x 1010 gpd. (l) The North American 

Water and Power Allian~e redistribution plan would provide about 109 

gpd. (3) A very large desalination plant could also provide 109 gpd. A 

proposed 1970 desalination plant.will provide about 
8 . . 

lO gpd •.. The largest 

United States desalination plant in operation today -- at Guantanamo Bay, 

Cuba, provides ov'er 106 gpd. 

* Water usage in the United States is shown in Figure 2. The current 
. . 

average withdrawal in the· United States is about 3.2 x 1011gpd. (4 ,5) 

Much of this amount is available for re-use. Depletion amounts to about 

.O.B5.x 1011 gpd average, mostly through irrigation~ (2 ) Of the water 

withdrawn, about 50% is for industrial use (70% ·of that for steam power 

generation), 40% for irrigation (about 60% of which is consumed), and 

the rema.fnder is for public water supply. (5) The Pacific-Northwest 

depletion is 1.1 x 1010 gpd average, over 90% of which is used in 

. . t. (2) J.rn.ga J.on. The proposed Pirkey Plan would withdraw 1.34 x 1010 
. . 

gpd (6 ) from the Columbia River. 

* It is very difficult to obtain compatible estimates of water con
sumption and use, both present and future. Part of the difficulty 
arises from the fact. that it has only been in the past decade that 
detailed data on water usage have been collected. A second-reason 
is the;·.variety of definitions given to such .terms as "use", 
"withdrawal", "consumption", "depletion", and so on. This paper 
draws heavily.upon i~formation presented in reference 2, and uses 
the definitions given there. The· term "withdrawal" or "use" 
indicates the total amount' of water p~t through industrial processes, 
cooling facilities, household systems, and irrigation facilities, 
but not hydroelectric facilities. The term "depletion" is used to 
denote water loss by evaporation, transpiration, incorporation in a · 
manufactured product, and effluent discharges which are unavailable ' 
for re-use. 

i 
. i 

I 
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Predicted water usage is shown in Figure 3. As previously indicated, 
. 12 . 

there is an estimated 1.1 x 10 gpd average rainfall which appears as 

runoff. Reference 5 pr~dicts that by 1980 a minimum dependable flow of 

11 6.3 x 10 gpd will be possible with proper storage. It ass.wes that 

50% of this flow will be required for navigation, fish, wildlife, waste 
. for de~letion or consumption. 
disposal, etc., leaving 3.15 x 1011 gpd available; Average fresh water 

withdrawal in 1980 is estimated at 4.25 x 1011 gpd -- which indicates 

the amount of water re-use that will be necessary~ Depletion in 1980 

is ~stimated at 0.98 - 1.1 xr1o11 gpd in the United States, and 1.35 x · 

1010 gpd i~ the Pacific-Northwest. (2 ) Depletion in 2000 is estimated. 

· u · ro 
at 1.1 - 2.2 x 10 for the United States, and 2.0 x 10 gpd for the 

• . in the .United States 
Pacific-Northwest~(2 ) Total fresh water withdrawals/may be over 

5 .o x 1011 gpd. In the Pacific-Northwest the· irrigation ·dep).etion: is ex- · 

pected to increase from about 1.1 x 1010 gpd to as high as 1.83 x 1010 

gpd in 2000. (2 )· 

The foregoing figures would be much more meaningful if all of the water 

resources were uniformly distributed. They are not, and therein lies ----the water p~oblem. The non-uniformity of surface water distribution in 

the United.States is graphically illustrated in Figure 4, a river map taken 

from the Water Atlas. (l) The problems which arise from the distribution 

of surface water can be partially solved_ by increased-water re-use and 

storage, both of which effectively increase the water available. Re-

distribution 9f water resources is a second method of.alleviating water· 

shortages. One plan, the NAWAPA plan, is shown in Figure 5(though not 

to the same scale· as the rivers) as an overlay of the rive.r map. P.re-
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sumably similar plans could be developed for other portions of the United 

States.* A third method of water "redistribution" is sea water (or 

brackish water) desalination. This is te~d a redistribution because, 

if sufficient ~resh water (from sea water) could be delivered to a 

particular area, it could release present supplies for 'other areas. It 

is worth noting that even a very large desalination plant (109 gpd) would 
\ 

be a factor of about 20 sma.lle·r than the smallest rivers shown on the. 

river map (about 1500 cfs versus 25000 cfs). 

WQ!ch of these methods -- water re-use, w~ter storage, water distribution, 

sea water or brackish water desalination, ,or other methods, are favored 

by a community or region depends on a number of factors, including water 

quality requirements, status of desalination technology, and water cost 
~""- . ~ -~ ,-_ 

considerations. 

Water Quality Requirements 

The solids content of water for various uses and from various sources 

is listed in Figure 6. The recommended maximum for human con-

sumption is - 500 ppm. Irrigation requires 500 - - 1000 ppm water 

for many crops. Most pr9cesses require water in the range of 100 

ppm of solids .. An increasing number of processes (such as modern 

steam power plants) require deionized water with solids contents 

of less than one ppm. Our water resources come to us with a wide 

* The water problems in the East differ from those in the West (ex
cluding the PNW). In the former, quality of water (pollution) will 
be the main prqblem because of the large industrial ~nd municipal 
withdrawals. In the latter, the problem is one of actual using up of 
the available annual supplies of water. Reference 2 states that in 
the year 2000 depletions will equal 6o% of the maximum available 
·water supply. 
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range of solids content. The Columbia River has about 100 ppm. Sea 

water contains about 35,000 ppm solids. Present sea water 

desalination processes produce water with a solids content ranging 

from about 10 ppm for distillation processes to 1000 ppm· for membrane 
.(.8) 

processes. Water quality from many desalination processes is a 

. * function of throughput, or cost, and can be tailored to meet dema~d. 

The conclusion one can draw from Figure 6 is that present processes 

for. desalination of sea water can span the quality needs of industry 

agriculture, and human consumption. 

Status of Desalination Technology 

The Office of Saline Water (OSW) has examined over 700 processes for 

desalination of b~ackish~er and s~a water.(9) About +0-20 have 

commercial significance at this time. Some of the more important 

processes are listed in Figure 7. The energy requirements (present 

and future) to pr~duce a gallon of product water are shown for each 

process. These energy requirements compare to the theoretical 

minimums for sea water of about 10 Btu's per gallon product water 

a factor of 50 to 100 less than present day technology for desalting 

sea water. (4,9) Energy requirements are not the sole measure of cost 

'potential, of course -- capital and operating costs of the desalination 

plant must also be considered. 

A schematic of the multi-stage flash distillation process is shown 

in Figure 8. Sea water is used as a condensing fluid in a series of 

flash chambers· operating at increasingly higher temperatures and 

pressures. Following .its role as a condensing fluid, the sea water 

* The solids content of water is not the sole criterion for water 
quality, of course, but it provides a useful measure of quality. 
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is heated to the desired operating temperature (perhaps by steam 

exhausted from a turbine) before being allowed to flash as it flows 

through the successively lower pressure chambers. The vapors pass 

through a demister to d~rain brine droplets, and are condensed 

on the exterior of the sea water-cooled heat exchanger bundles. The 

fresh water is collected in trays and removed from the chambers • 
.. 

Chamber pressures are controlled by flow devices and vacuum pumps • 

. Following the final stage .the brine is discharged a~ waste. 

There are 19 multi-sta~e flash distillation plants operating in the 

world today with capacities greater than one million gallons per 

day (mgd). Perhaps the best known United. States plant of this type 

I 
·I 
I 

was the Point Loma, California plant which, after operating for more , 

than·l8 months, was disassembled in 1964 and moved to Guantanamo 

Bay, Cuba, where it is presently operating. 

Because the multi-stage flash distillation process shows considerable 

promise from an. engineering and scale-up point-of-view, the OSW may 

construct a 50 million gallon per day (mgd) prototype plant 

beginning in 1967. Modular units for the prototype plant will 'be 

tested in a West Coast experimental facility (location to be 

designated). A larger desalination plant is currently expected' to 

be hnj 1 t. :i.n the early 1970's .• the size still to be determined. · The 

magnitude of a 150 mgd desalination plant is shown in Figure 9. Each 

of the domed, modular uni~s is about 50 feet across·and 300 feet wide. 

A second d~salination process using heat is the multiple-effect 
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distillation process. A schematic diagram of this process is shown 

in Figure 10. Sea water is heated to the desired operating tempera-

ture (perhaps by steam exhaust !'rom. a turbine). The vapor from the 

boiling sea water is condensed in the following stage where the 

sea water boils at a lower pressure (and temperat~re). This process 

continues for, perhaps, a dozen stages. One important difference be-
.. 

tween this process ~nd the MSF process is that the heat exchanger 

tubes come in .direct contact with boiling (and increasingly 

brinier) solutions. ·The MSF process heat exchangers see only single 

phase sea water and distilled water. ,There are four multi-effect· 

· qistillation plants operating in the world today with capacities 

greater than one million gallons per day. The United States has a 

multi-effect distillation plant of one mgd capacity at Freeport, 

Texas. 

Of the processes that use el~ctricity, the electrodialysis process 

(for brackish waters up to about 5-10 1 000 ppm solids content) is in 

mUnicipal service in several locations, including Webster, South 

Da.kot~ (25o,ooo·gpd) and; :Buckeye, Arizona(l5,l6 ) (650,000 gpd). 

A schematic of the electrodialysis process is shown in Figure 11. 

Brackish water flows into compartments which are separated by ~em

branes (sheet plastic materials, e.g., cellolose::acetate, a~d others).· 

An electric current is passed through the water causing the ions to 

migrate. The membranes are selective to ion passage in one direction, 

thereby concentrating ions in one set of cells, and.depleting them 

in the adjacent cells. In plants to date the cost and replacement 
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of membranes represents about 20% of the cost of water. Also, since 

this process depends on the conductivity of the water, the solids 

content of water from this process is limited economically to about 

500 ppm. 

~ 

A schematic of the vapor compression distillation process is shown 

in Figure 12.,. ·Once the sea. water begins to boil the required energy 

input. is supplied by vapor compres.sors which increase the energy 

content of the vapor, which is released t~ the brine as it condenses 

in the heat exchanger. What is telieved to be the world's la~gest 

vapor compression distillation plant (a million gpd plant) is 

located near Roswell, New Mexico. 

The freezing process for desalination tries to capitalize on the fact 

that the latent heat of fusion is only about one-seventh as large as 

the latent heat of evaporation, hence the energy demand should be 

less. ~ne process for obtaining fresh water from sea water. is shown 

schematically in Figure 13. The sea water is cooled to form ice 
sea water 

crystals by evaporating a portion of j::. under reduced pressure. The 

brine-ice crystal mixture is pumped i.nto a separating tank where the 

ice crystals tend to float. The brine spills.over a weir and is 

discharged through a regenerative cooler. The ice crystals are 

washed with fresh water, discharged to a melt tank, and melted with 

heated water from the a~sorption and auxiliary refrigeration systems. 

There are no large scale plants utilizing this process in operation, 

though a 0.5 - 1.0 mgpd plant is planned in the United States. Smaller 
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plants (< 200,000 gpd) are in operation or under construction at 

Wrightsville Beach, North Carolina. The solids conten~ of product 

water from freezing processes to date has been about 250-350 ppm. 

Salt water entrapment as the ice crystal grows is one cause of 

contamination. 

The reverse-osmosis process is illustrated schematically in Figure 
~ 

14. In this black box process salt water is pumped at pressures 

ranging from about 375 psi upwards into a containe~ divided by a 

membrane. In natural osmosis, water flows from a solution of lower 

concentration through a semipermeable membrane to a more concentrated 

solution on the other side. This tends to equalize the concentrations. 

·. By applying pressure it is possible to ov~rcome the osmotic pressure 

a:nd force water through the membrane from the brine side to the fresh 

side. This is reverse osmOsis. Normal osmotic pressure for a natural 

sea water-fresh water pair is about 368,psi. Because the sea water 

adjacent to the membrane becomes brinier, and because .increased 

throughput is desired, a higher pressure is used than that required 

to overcome the osmotic pressure of natural sea water. 

The reverse osmosis process is generally considered very promising 

for desalination. It is inherently simple, no phase change is 

involved, reducing energy requirements. The salt rejection properties 

of cellulose acetate were discovered in the 1950's. To date little 

is understood about membrane structure, ·transport mechanisms, and 
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methods of fabricating membranes. Little is known about membrane 

ope·rating limitations, such as optimum pressures of operation, 

pressure effects, boundary layer conditions, and so on. 

There are no large reverse-osmosis plants from which to obtain 

significant cost and water quality information. Currently, membrane 

cost is an estimated two-thirds of the cost of water produced by this 

technique. (7). Wa~er from a 1000 gpd pilot plant conta~ned 250-350 

. ppm based on testp from a 0.5% NaCl solution, and 600-1000 ppm from 

.a 1.5% solution. A prototype plant {~ 25,000 gpd) operating on 

brackish waters is planned for operation in 1967. (7) 

Water Cost Considerations 

One of the key considerations, if not the key consideration, in 

. * water use relates to the cost of water. In large measure this will 

determine whether incremental water supplies are obtained from re-

use, increased storage, redistribution, or desalination techniques. 

Examples of water costs are municipal water at 20-60 cents per 1000 

* The water cost picture is far from simple. There is no national 
market on water as with other commodities (though·as shortages 
increase, a national market on water will tend·to develop). Hence 
water costs are frequently quoted in wide ranges, which,tend to. 
obscure the real meaning of cost comparisons. Further, the cost of 
water is made up bfl many factors {costs of transmission, treatment, 
distribution, storage, intake, and so on) not necessarily applicable 
to all processes for supplying water. It is not sufficient to say 
that one process produces water at a given cost without evaluating 
incremental costs arising from the process. 

·I 
i 
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gallons·. (5) (Figure 15). Of this amount 5-·15 cents rray represent 

the cost of treatment -- the rest arises from costs associated with 

transmission, storage 1 distribution, and so on. (14 )". · · The cost of 
1 

industrial water from municipal sources may range from 12-28 cents 

per 1000 gallons, and 5-11 cents for private industrial supplies. 
. . 

The cost of irrigation water ranges ·from about 1-3 cents per 1000 

gallons. High cost irrigation water is 15 cents per 1000 gallons. 

Treated sewage -in-tAle-Eas-t- has been sold (to a steel mill) at J.5 

cents per 1000 gallons. 

Present desalination plants (both sea water and brackish water) 

of a million gpd output produce water ranging from about $0.75 -

$1.50 per 1000 gallons.(S) This cost might .be most closely equated 

to cost· of water treatment. To it must be added costs associated 

with transmission and distribution-for comparison ~ith total water 

. I 

I 
I 

I 
I 

costs. Large (150-750 mgpd) nuclear heated, dual purpose ·(electrical 

energy arid·water) desalination plants utilizing the multi-stage flash 

distillation process are estimated to produce water costing 23-35 

cents.per 1000 gallons.(lO,ll) Again, costs associated with trans-

.mission, distribution, and so on, must be considered., :i ·. ·:·. · .. · ... ·., .. ,, 

.especially transmission costs associated with remote siting •. Some 

of the water redistribution plans have estimated costs of about 10 
. . . (6) 

cents per 1000 gallons. 

One might conclude from this information that the. projected costs 

of desalting sea water place it low on the priority list of processes 
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that will be exploited in the next generation. As matters stand 

at the moment, that is probably true. However, technology moves 

very rapidly and there are several factors which could change this 

conclusion. These include: 

1. New desalination processes, such as reverse-osmosis, may prove 

to be supstantially m6re economic than the multi-stage flash ' 

. i 
I distillation process. 

! 
2. Sea water products might 11 share 11 the cost of a desalination 

f 

plant. One of the significant factors (in addition to the size . \ 
I 
I 
I 

factor) in reducing the cost or' desalted water froni the· pres·ent 

range of $1.00 - $1.50 per 1000 gallons to the projected 23-35 

cents per 1000 gallons is the sale of electric power from the 

topping turbines of a dual purpose plant. Once a desalination 

plant is operating, the cost of heating and/or pumping the sea 

water is part of the product cost. Certain marginal processes 

might then become economic. While wholesale use of chemicals 

in sea water is still a dream, commercial processes are used to 

remove selected chemicals from sea water (magnesium and bromine, 

for.example} •. (l2 ) Other processes being investigated include 

recovery of potassium·for fertilizer. Minor constituents might 

·be recovered by ion excnange or selective chelation. It has 

been predicted that uranium ca·n be recovered from sea water for 

$20 per pound (u3os)(l3) --a price th~t would add ~nly 0.3 

mill/kwhr over present· ($8 .·per 'pound) costs, and provide an 

additional 10 billion .megawatt years of electrical energy. 

I 
! 
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Figure 16 shows the relative abundance of selected chemicals 

in sea water, and the amount of recoverable chemicals from a 

plant that processes 1.5 rogd to obtain 1.0 mgd of fresh water. 

The annual value of the fresh water from such a plant at 25 

cents per 1000 gallons is about $100,000. The annual cost of 

adding the chemicals to fresh water to make sea water is about 

$1,850,000 -- this is the theoretical annual chemical revenue 

possible from a plant of this size. The deuterium content of 

the water processed is worth about $9 1 000 1 000 at $15 per pound 

for D20. However large these figures might be~ the economics of j 

mineral recovery are iargely governed by marketing consideratiorts!. 

The number of feasible products is not large. A small number of i 
I 
I 

i 
I 

10 mgd plants could produce an appreciable, but, not a major 

I 
! 

portion of current United States output of the following 

minerals: sodium chloride, magnesia, bromine, potassium 
I 

chloride, lime, borax, and strontium sulfate. 

3. The quality of product which can be produced in a multi-stage 

flash distillation plant is not too different from deionized 

water quality, which many processes require. An approximate 

cost figure for deionized water obtained from 100 ppm source 

material may be 10-20 cents per 1000 gallons. Deionized water 

obtained from 10 ppm source material might save 2-5 cents per 

1000 gallons in chemical costs compared to 100 ppm source 

water. Hence, if desalted water could be distributed .. 

economic~lly to users of deionized water, it might command a 



-14-

premium price of up to 10 cents per 1000 gallons. 

4. Siting for nuclear and fossil fuel plants may become an 

increasingly difficult problem: the former because of (1) 

distance requirements from population centers and (2) availa-. 

bility of water for dumping heat; and the l~tter because of 

(1) air,pollution and (2) availability of water for dumping 

heat. Air heat dumps are more expensive and tend to drive ·.' .. 

power plants toward water dumps. The water dumps may well be 

·the ocean two-thirds of the U.S. population lives in the 

24 stages bordering on tidewater, so the plants would not be 

remote from load centers. 

To i~lustrate the potential problems of water heat dump, the 

Pirkey Plan for pumping water from the Columbia River calls . 

for a power installation of 7500 Mwe near ~he' Dalles, Oregon. 

Whether this power (or. greater power) is required only at · 

periods of high flow.is not clear, but at periods of low flow 

the ameunt of heat dumped by a 7500 Mwe plant into the Columbia 

River' could raise its temperature 4-5 F. This is an exceptionally·.: 

large thermal plant(s), of course, but the Columbia is a large . 

river. Higher population areas face a more difficult problem in 

this respect. . 

If large thermal plants are located on or in the ocean, then an 

added incentive may exist to sell off-peak power and/or steam at 

reduced rates to desalination and chemical processing plants. 

·rn summary, critical water shortages can be met by·water re-use, 
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increased storage, water redistribution, and desalination of sea or 

brackish waters. All of these techniques are currently in use. 

Economics is a strong consideration in.determining which process will be 

used to solve a region's water problems. Sea water desalination is 
widely · . ' 

· p:t>esently noy/econ6mica.lly competitive With other processes. 'l'echnologi:-
!. 

cal breakthroughs and unique features of the desalination process 

· (chemical recovery, ability to use low grade or off-peak heat power, and: 
i 

product purity) may enhance its competitive position. 
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WATER SOURCES 
Gallons or 

GPO 

. 3.36 x l.G 20 The Oceans--~.!.:.-

3 x 10 18 Glaciers 9 Gal. 
(Based on 3 x 10 Peoplel ___ _ 

1.4 x 1015 NAWAPA Storage~ G 
-.......... a I. ----

7.0 X 10
14 USA Storage/ 

Gal. 

4.3 x 10 12 Average Total Rainfall __ G.f.D_ 

1.1 x 1012 Rainfall Which 
as R u.n o If 

1.36.x 10
11 PNW Maxin·,un~---

Dependable Flow /-GPO 

8.7 x 10 10 Average Drainage from 
States (WCDI Except PNW Gal 

3 x 10 9 Grand Co~lee :itorage_.,..rGPD 

1 x 10: (lnitiall l NAWAPA /j----
2.5 x 10 (AiternateU GPO 

x 1 0 9 Very La r g e D sa I i n a I ion PI ant /-- -

-1 x 108 ·Proposed 1970 Osalination Plant 

1. 4 x 106 Point Lorna Desalination Plant~ GPO ----
2. 5- 6.· 5 x 10 5 Electrodialysis Plants 
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WATER SOURCES 
Gallon~ or 

GPO 

3.36 • 10
20 The oceans --~1-

3 • 10
18 Glacier~ - 9 Gal. 

IBued on 3 • 10 People!----

1.4 • 10IS NAWAPA Storage"""" 
-::::._G..!!:.... 

7.0 • 10
14 USA Storage 

l-ea~: 

4.3 • 10 12 Average Total Rainlall __ G!_D_ 

1.1 • 1012 Rainlall Which Appears __ G_!~ 
a~ Runotl 

I. 3b • 10
11 PNW Ma•imum ---

Dependable Flow /-CPO 
8. 7 • 10 10 Average Drainage trom 

Stales IWCDI Euept PNW Gal 

3 x .10 9 Grand Coulee Storage ,T GPo 
. I • 10: llnitiall l NA.WAPA /j----

2.S • 10 IAiternateU GPO 

I • Hi9 Very Large D~alination Plant 7--
-1 • 108 PropoHd 1970 D~alination Plant 

Point Loma De~alination Plant~£!'.!!.. 

2. S - 6. S • lOS Electrodialy~i~ Plants _.Q~D-I 
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Gallon~ or 
GPO 

1020 

1019 

WATER .. USAGE 

. 10 18 

) 

10 17 

10
16 

lOIS 

1014 

10
13 

1012 

lOll 

1010 

10
9 

10
8 

10
7 

106 

lOS 

10
4 

10
3 

10
2 

10
1 

./Current Average Withdrawal 3. 2 • 10
11 

· 

GPO/ 
~P~~ Current Depletions 8. S x 10

10 

£!'.!!.._::::""Pirkey Plan 1.34 x 10
10 

GPO-~ 
PNW Depletions 1.1 x 10

10 

}£~- Per Capita Municipal USA 1100-3001 

GPO 
-----Minimum For Humu life to.s"t 



WATER SOURCES . PROJECTED WATER USAGE WATER USAGE 
Gallons or 

GPO 
Gallons or 

GPO 

3.36 x 10 2U The Oceans--~.!.:.-

3 x 10 18 Glafiers 
1Based on 3 x 109 People! 

Gal. 

1.4 x tol5 NA\\APA Storage ~-G.!J:...... 

1.0 1 10 14 USA Storage l-Gai: 

.4.3 x 10 12 Average Total Rainfall __ G!_D_ 

1.1 x 101_2 Rainfall Which Appears....:._<!!'!... 
as Runoll 

1.36 x 1011 PNI\ ~:axin.ur.---
Dependable Flo" ;;-GPO 

8. 7 x 10 10 Average Drainage from 
States IWCOI Except PNI'i Gal 

3 x 109 Grand Coulee Storage ?"cPo 
I x 10: ilnitiall l NAWAPA /j----

2. ~ • 10 IAiternateU GPO 

x 109 Very large Dsalination Plan1 --;-•--

~1 x108 Proposed 1.970 Dsalination Plant 

1. 4 x 106 Point lorna Desalination Plant......._ GPO 
----

5 GPO I 2. 5 · 6. 5 x 10 Electrodialysis Plants ----

-1980 A. 0. 

GPO 

2000 

1014 1014 
Dependable Minimum Flov. 6. 30 ·• 10 11 

10!3/ II 4. 25 • 10 Total IVIIhdrawal 

-~~~-- /. IFreshl S.20' 10
11 

'-..._ 10 12 

---'\. 
Avaolable For -----
Consumption 

3.1S x 10
11 

--- 0.95·1.1 xto 11 
Tolal Depletio~-~0)0 

\ 1.1·2.2xl0 11 ·.· 

10
9 

1.35x 
10 9 

10 PNW Deplelions 2. 0 xlOIO IO 

10
8 

107 

106 

105 

10
4 

103 

/·current Average Withdrawal 3.~' 10 11 

f_P_Q~ 
.-Cu-rrent Depletions 8. 5 x 1010 

f_P.Q_~ 

GPO _/Pirkey Plan 1.34 x to
10 

GPO-=-~ PNW Depletions I. I x 10 10 

I 02 T_GP_D_ 
10

2 I Per Capita Municipal USA 1100-jOOI 

10 1 

GPO 
-----Minimum For Human lile 10. Sl 

FIGURE 3 
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20,00 0 cuD•C fl / sec 
50,00 0 cuD•c If / sec 

100,000 cuD •c fr / sec 
250,000 cuOoc fl / sec 
500, 000 cuO•C fl / sec 

Alt e r USGS Corculor 44 

'10 " 

' . . .--
1. , ~ ·:.. ... -~- .. . 
- : 

-:- : . ' 

.-· ·-. ' . 

R•vers shown ore those whose 

overage flow at the mouth •s 

/9,000 cfl second or more 
•( Based on 25 - yr pe"od 1921· 4 

PLATE 12 WATER ATLAS 

Large Rivers 

, .. 

.. 

MISSISSIPPI 
r; I . I . F 0 F .\lf; XJ C O 

... .. , .. · 

FIGUR E 4 



/
-

~
 

>'I 
H

 
;:S 

;::3:: 

~ 
§ 

0 

lt'\ 

p:; 
<I! 

-~ 

~ 
~ ~ 

•r-1 

o:; 

1%. 



Parts Per' 
Mi Ilion 

Ad m is s ibl e S o I i d s Con re n t 

Most Purposes Irrigation----:--

All Purposes Irrigation----
Human Consumption 

Water 5ources 

l, 000, 000 

100,000 

-----~----Sea Water 

10,000 

1000 . I---- Membrane Processes IPresentl 

1---- Freezing Processes 

Most Water Processes------ 100 -----·Columbia River 

1 0 - - - -- M S F D i s t i II at i o n S ea Water 

Modern Steam Generating. 1 
Plants · 

DISSOLVED SOLIDS CONTENT OF WATERS 
FIGURE 6 



Processes Using Heat 

Multi-stage Flash Distillation 

Long Tube Vertical Distillation 

Processes Using Electricity 

(33% Thermal-Electrical Conversion 

E I e c t r o d i.a I y s i s ( b r a c k i s h w at e r s ) 

Vapor .Compression Distillation 

Freezing 

Reverse Osmosis 

Efficiency) 

Btu's per Gallon 
Product Water 

Present 
Technology 

., 
~ 

1020 

1020 

250 

.610 

610 

510 

1980 
Technology. 

610 

610 

150 

360 

360 

310 

FROM REPORT OF ATOMIC ENERGY COMMISSION, DEPARTMENT OF INTERIOR, AN.D 
·FEDERAL POWER COMMISSION INTERAGENCY SUB-COMMITTEE TO OFFICE OF SCIENCE 
AND TECHNOLOGY TASK GROUP INVESTIGATING LARGE NUCLEAR FIRED SEA WATER 
DISTILLATION PLANTS. 

BASIC ENERGY REQUIRMENTS FOR 
·----_-·-. ---sAL-INE- WATER CONVERSION PROCESSES 

FIGURE 7 
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FIGURE 9 
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¢'/1000 Gallons 

---Space Capsule Water 

100,000 

10,000 

. ~ 
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'• 
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I 12 - 2 8 I C o m m e r c i a 1 w a.t e r I 
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(5-15) Private I ndustriall 

100 .IPresent Desalination Plants 175-1501 
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Element 

l. Chlorine· 

2. Sodium 

3 . M a g n es i u m 

4. Sulfur, 

5. Calcium 

6. Potassium 

7. Bromine 

8. Carbon 

9. Strontium 

10. Boron 

14. Aluminum 

· 15. Rubidium 

16. Lithium 

19. Iodine 

23. Copper 

2 8. Uranium 

30. Thorium 

·32. Silver 

38. Mercury 

39. Gold 

40. Radium 

( 
I 

.'\) 

Concentration 
ppm 

18980 

10561 

.12 7 2 

884 

400 

3 80 

65 

28 

13' 

4.6 

0.5 

0.2 

. 0. 1 

0. 0 5 

0. 003 

0. 0015· 

'< 0. 0005 

0. 0063 

0. 00003 

0.000006 

o.2-3 x 10- 10 

Potential Yield 
I b/y r * 

90,000,000 

50, 000, 000 . 

6, 000,000 

4,200, 000 
.. 

l, 900, 000 

1, 800,000 

. 308, 000 

133, 000 

61,500 

21, 80 0 

2,370 

. t 

950 

475 

'237 

14 

7 

2.4 

1.4 

0. 1 

0.03 

SEA WATER CONSTITUENTS. 
* Based on 1 0 6 g p d Des a I (nation PI ant 

FIGURE 16 




