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Fresh water
IS never
too expensive
•

by Marcia Merry

Think of a glass of water. If you consider where it qomes from, and how it gets
there, you have an overview on what is required to provide enough water per
person, per household, and per area, and at what cost.
Every day you need to drink about eight glasses of water, which is more or
less two liters (about half a gallon). Without water,there is no life. The body of
an average size adult male consists of 65% water. )[ou can subsist without food
for much longer than you can without water.
Secondly, drinking water must be safe. It must riot contain, beyond a certain
quantity per volume of water,foreign substances-s�ts,micro-organisms,debris.
Otherwise,sickliness and death results. Safe water is "so needed for other person
al uses-hygiene, cooking, dishwashing, etc. A total amount of about 140-200
liters (40-60 gallons) a day per person is needed on average for household func
tions. (See Table 1 for conversion factors.)
Beyond that, water of lesser quality, but in gr4ater amounts, is needed to
supply the food, material needs (shelter, transport); and social services (health
care, schooling) required to maintain each person in the society, and the potential
for future societies.
Table 2 shows the annual water usage standards for the United States, in
amounts used per person, per thousand households, and per unit of urban area. 1
While the highest-quality water is needed for hou$ehold uses, water for indus
trial use can vary widely in quality, ranging from pure: water needed for electronics
processing, to low-quality water for automobile manufacturing. Agriculture can
also use a wide range of water quality, depending' on whether it is going for
livestock, grains, truck gardening, or hydroponics. Power generation requires
only low-quality coolant water.
I
Therefore, if you start with drinking water, andiconsider what costs are in
volved in supplying the quantities and qualities required, you will at the same time
have an overview of what it takes to supply all the c.tegories of water needed to
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Source: Elwin E. Seelye, Data Book for Civil Engineers,

Vol. I-Design, New York: Wiley, 1960.

support a productive society. We begin with conventional,
modem water treatment.

Local water treatment
Figure 1 is adapted from the standard civil engineering
handbook.2 It depicts what is involved in providing safe
drinking water from the local vantage-point, disregarding
national or continental considerations. Wherever lower stan
dards of water are usable-for example, in agriculture or
some manufacturing processes-treating the water is even
less complicated and cheaper.
The diagram begins at the top right, going counterclock
wise, and indicates the requirements of taking water from its
source, to purification, to distribution, to sewage treatment,
which are the standard steps. Also shown are the high-energy
forms of wastewater treatment and desalination which are
possible today.
The following summarizes the processes involved, and
how they figure in the costs of a conventional modem system.

Sources of supply

The steps involved in acquiring the water are relatively
straightforward, given the type of supply. Engineering de
sign and operating costs involve preventing algae and other
biotic life from clogging the works in the still water, pre
venting debris from entering the works from stream flow,
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and dealing with sediment. Well water and spring water must
be monitored for quality, and the reliability of the supply is
a constant issue. The need to dig deeper wells, construct new
reservoirs, and repair and replace water tunnels, all show up
in costs.

Purification

The extent of treatment of water required to bring it to
acceptable standards for use, depends on how contaminated
it is with bacteria, and its turbidity and other characteristics.
Some locations may have water requiring no treatment at
all, or minimum treatment with chlorine or an equivalent
disinfectant process,in order to bring the bacteria count down
to safe levels. Other water supplies may need "the works"
prolonged sedimentary storage, filtration through sand or
another medium, disinfection, etc.
Thus, the costs vary with the condition of the water sup
ply, and with the energy needed to clean it up. However,
with distilled water from desalination processes, little or no
additional purification may be required. Recommended stan
dards for water quality are set by many national and interna
tional health agencies; Table 3 gives the World Health Orga
nization standards for drinking water.
The history of the introduction of modem water treatment
processes shows a spectacular fall in death rates. Figure 2
shows the drop in deaths per 100,000 population from ty
phoid fever after filtration was begun in the water systems of
the cities shown. The drop in the Ohio River Valley cities
Feature
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TABLE 1

T ABLE 3

Conversion factors used in this article

International standards for d ri n king water

Unit

Tentative limits for toxic subsl*nces in drinking watar:

Equivalent

Substance

Volume:

1 U.S. gallon

3.785 liters

1 cubic meter (m3)

264.2 U . S . gallons
1 ,000 liters

1 liter

0.2642 U.S. gallons

1 acre-foot

3.259 x 1 0 U .S. gallons

'

1 ,234 cubic meters

Flow rate:
1 U.S. gallon per minute (gpm)

0.0631 liters/second (Vs)
5.42 cubic meters/day

1 million U.S. gallons per day (mgd)

43.7 Vs
3,785 rn'lday

1 cubic foot per second (cfs)

449gpm
28.3 Vs

1 cubic meter per second (m3/s)

U.S. water usage standards
(million m3/year)

Per
person

Public use: munici pal"
Residential: single

0.0001

Per 1,000
households

Per urban
residential
km2publlc
use"

0.54

0 .86

0.32

0.501 1 6

Residential: multi

0.00008

Public use""

0.000039

0. 1 24

0 . 1 95

Schools

0.00009

0.068

0.1 1 3

Hospitals/bed

0.0008

0.018

0.031
0.0058

Factories: sanitary

0.00002

0.0035

Manufacturing/employee

0.005

0.879

1 .465

Agriculture: irrigation/km2

0.69

2.7

4.5

Commercial/hectare

0.00 1 6

0.0 1 2

0 02

Electrical generation/kwh

0.00015

3.6
7.78

Total

There are also recommended co�trol limits for fluorides (as F),
depending on the maximum daily1air temperature.

!

Additional limits of substances affecting acceptability of
drinking water:

Calcium (as Cal

TABLE 2

6

.

1 2 .8

0.05
0.01
0.05
0.1
0.001
0.Q1

Arsenic (as As)
Cadmium (as Cd)
Cyanide (as CN)
Lead (as Pb)
Mercury (total as Hg)
Selenium (as Se)

Substance or
characteristic

22.8 mgd
35.3 cfs

Upper limit of concentration (mgll)

Highest
desirable
level
75 mgll

Maximum

.,.rmlsslble
level

; 200

500 mgll

� ,500 mgll

Chloride (as CI)

200 mgll

600 mgll

Copper (as Cu)

0.05mg/i

Gastrointestinal
irritation
Corrosion in hot
water systems

1.5 mg/l

Corrosion

1.0 mg/l

Deposits; growth of
iron bacteria

I ron (as Fe)

0.1 mgll

Manganese
(as Mn)

0.05mgll

.5 mg/l

Zinc (as Zn)

5.0 mgll

15 mgll

Magnesium
(as Mg)

Scale formation

mgll

Total solids

I

Undesirable
effects that
may be produced

Deposits in pipes;
turbidity
Sand-like deposits;
opalescence

Not more than ' 150mg/l

30 mgll if there I

are 250 mg/l of'
sulfate; if there!
is less sulfate , 4P to
150 mgll Mg m,y be allowed

Sulfate
(as S04)

200 mg/I

i 400 mgll

fo�

Gastrointestinal
irritation in the
presence of
sulfate

Gastrointestinal
irritation when Mg
or sodium are
present

which limits are set-for
There are other characteristics
example , mineral oil or pH. There lare also limits for microbiological
I
contaminants, etc.
Source: World Health Organization, 1 �1.

"The sum of residential, public use, schools, hospitals and commercial.
""For street cleaning, fire department services, and so forth.

(Pittsburgh, Cincinnati, and Columbus) was dramatic.

Distribution

As shown in Figure 1 , the elements involved in delivering
water to its destination for use, are commonly a reservoir
or holding tank, the pipes for delivery, elevated tanks, and
booster stations. A key consideration is the pressure, which,
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for adequate domestic serviqe, should not be below 45
pounds per square inch in th� main conduit at the house
connection. The costs to move water vary much more ac
cording to the volume to be moved, than to the altitude to
which it must be moved. It is therefore much cheaper to move
large volumes of water than small quantities, even up steep
slopes. Figure 3 shows how the costs of conveying water
vary with volume carried and Igradient, as figured by engi
neers in 1 970 cents per cubicl meter. Today, the cost in a
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FIGURE 2

FIGURE 3
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Source: George A. Johnson, "The Typhoid To"," Journal of American Water
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Volume of water tra�sported (m3)

place such as California, is roughly figured to be about $ 1 20
per acre-foot ( 1 ,234 cubic meters) for a 20-mile pipeline and
an 800-foot lift.

Source: Colin Clark, The Economics of lnigalion, London: Pergamon Press,
.
1970.

Sewage treatment
Standard modem treatment involves holding the effluent
or other contaminated waste in pools, stirring it to aid oxy
genation, and allowing suspended matter to sink to sludge at
the bottom. The water may get more filtration through sand,
and a final disinfection with chlorine, ultraviolet radiation,
or some other means, before it is discharged .
The costs of each of these processes correspond to the
steps needed to treat the water, and in general, sewage treat
ment is more expensive than purification .
Table 4 gives the average cost for these stages of treat
ment, as charged by a small, modem water district in northern
Virginia, where the average annual rainfall is close to 100
cm (40 inches) and the water system uses 80% river run-off
(from the lower Potomac River basin) and draws well water
for the remaining 20% . The system can produce 800 million
gallons of water a year ( 3 . 028 million cubic meters), and
serves 1 9,000 people. The treated sewage water is then dis
charged back into the Potomac River.
On a daily basis, this water system provides about 2 . 1
million gallons (7,948 cubic meters) of safe water, or about
1 1 0 gallons a day per person .
A rough guide to costs for setting up a new wastewater
EIR
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treatment plant for handling secondary or advanced second
ary effluent treatment would be about $ 1 0 per gallon handled,
or $2,642 per cubic meter . If you figure on 1 00 gallons per
person per day, this figure would be accurate, especially in
the range of producing 6 million g llons per day, or enough
for 60,000 people, for uses that are mostly domestic and
municipal, and not industrial .
This example indicates that a f()ugh guide for water puri
fication costs is about $2 .40 per 1 1 ,000 gallons, including
present-day financing charges, and excluding costs of distri
bution and sewage treatment. Of this, 70¢ is for operations
and maintenance . The distribution costs are about 40¢,
counting 20¢ for water and 20¢ forisewer water. The sewage
treatment costs $3 . 0 1 , of which 85¢ is for operations and
maintenance.
Local water treatment costs inisimilar U . S . regions run
in about the same range as the Vi�ginia example, as shown
in Table 5. Therefore, the rough gures of $2 .40 per 1 ,000
gallons for purification, and $3 .00 per 1 ,000 gallons for sew
age treatment, can be taken as bctnchmarks for looking at
costs to provide safe water in widt:ly varying locations and
conditions .

�
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TABLE 4

TABLE 5

Average water treatment costs for the
Leesburg, Virginia municipal and sewer
system, 1992

Costs of residential wa�er for selected states,
1984
($ per 1 ,000 gallons)

($ per 1 ,000 gallons)
State
Operations and
Process

Supply
Purification
Distribution
Water
Sewage
Sewage treatment

Total cost'

maintenance only

Minimal for river

n.a.

$2.47

$0 . 70

. 20

.20
3.01

0.85

$5.88

Total

1. The total cost includes capitalization, administration, employee benefits,
financing charges, etc.
Source: Office of the Leesburg Municipal and Sewer System, Leesburg,
Virginia.

AVierage cost from water utilities

Vermont

$2.50

Connecticut

2.42

Pennsylvania

2.29

Illinois

1 .97

Kansas

1 .94

Virginia

1 .75

Louisiana

1 .51

Colorado

1 .27

California

1 . 04

North Dakota

.96

Utah

.58

Source: American Water Works Associ�ion,

Data.

The water resource base
We begin with the water resource base, in order to answer
the question: What is the quantity and quality of the water
source, relative to current and future needs? For simplicity,
our "benchmark" water system shown was chosen from the
rain-fed Piedmont region of the eastern United States, where
the drinking water source is river water, available at next to
no cost (as long as the flow level is maintained, and the water
not polluted). In many locations, such plentiful and cheap
water is not available.
Where the freshwater base is not adequate, there are three
ways to intervene to expand the resource base, and the costs
will vary accordingly: I) Make waterworks improvements in
the freshwater patterns of run-off (rivers, lakes) or under
ground water, etc. 2) Make new fresh water through desalting
seawater or brackish water. 3) Treat wastewater to transform
it into fresh water, and use it over again.
The first approach involves geographic engineering
(dams, tunnels, canals, and reservoirs) within the watershed
of the river and its tributaries (i.e., the river basin), or else
altering the water flow between river basins, a procedure
called interbasin transfer. There are many locations where
continental-scale interbasin transfers are now needed, as suc
cessors to past water improvements, and the costs are very
low on a per-cubic-meter basis.
The second approach, desalting briny water, can involve
many types of distillation, whose main cost is electricity:
The higher the salt content, the more electricity is needed.
Nuclear power plants, coupled with modern desalination
methods, therefore provide the lowest costs of any desalting
18
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method. Built on a large eno gh water volume scale, the
costs are in the range of the Vir inia $2.40 per 1 ,000 gallons
benchmark cost.
Finally, there are modern, high-energy ways to treat sew
age, even toxic waste water, that will provide acceptable
fresh water in the cost range nttar the $2.40-3.00 per 1 ,000
gallons benchmark cost.
These three means of mobilizing expanded water re
sources are discussed in detail below, with references, dia
grams, and costs. Some form pf one or more of these ap
proaches to supplying new sources of water can be adapted
to any water-short region of tqe world. In most cases, the
engineering concepts have exis,ed for years.
The alternative to making .,vaterworks improvements is
tragically clear. Cholera, hepatitis, typhoid fever, and other
waterborne illnesses are comipg back with a vengeance.
Droughts are causing sweepingj famine, such as this year in
Africa, instead of merely "one bad season" for crops. Need
less flood damage occurs. And If;ommerce and travel is made
expensive for lack of cheap wat�r transit.
Even worse, the superstition is gaining ground that water
works "harm nature." In Octobejr, Hollywood released'a pro
paganda film to promote this 1!>ackward, immoral point of
view. Called "A River Runs Tqrough It," the movie gives a
romantic picture of how land stiould be with no people or no
technology. Look briefly at the powers behind this.

Who says the cost is too bigh?
Over the past 25 years, a nexus of international agencies
and private central banks, including the International Mone
tary Fund (IMF), the World B k, and the Federal Reserve

alu
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The municipal sewage treatment facility in Leesburg, Virginia, serving a population of 19,000, is this study's benchmark" for the cost of
maintaining aflow of pure water-in this case,jrom the Potomac River. After treatment, the sewage is returned to the river. The cost of
treating 1,000 gallons of effluent is about $3.00.

B ank , has functioned to obstruct needed water resources de
velopment .
The rationalization they use for their opposition is the lie
that both large-scale water diversion and nuclear-powered
desalination are too expensive. They argue that waterworks
developments are threats to the environment. Instead , the
Federal Reserve has argued , "the market" must allocate
scarce water resources to the highest bidder. Under the IMF
model, localities and nations have been forced to make usuri
ous payments-debt service , financing , and fees to select
financial entities , and have been prevented from mobilizing
for water and other basic economic requirements .
For example , in Lima, Peru , a series of needed water
treatment improvements-designed on the basis of the stan
dard processes outlined above-were repeatedly stalled or
canceled through IMF and World Bank intervention over the
1 980s . Table 6 gives the facilities which as of 1 990 had
been proposed by city official s . These were especially urgent
because the city is located in a coastal desert , with next to
no stopgap water supplies as an alternative to central water
systems .
In January 1 99 1 , cholera broke out in Lima. It has now
spread throughout the Western Hemisphere , reaching the Rio
Grande River system in the spring of 1 992 . This is the direct
result of IMF opposition to waterworks . 3
EIR
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I

In the United States, the Fede al Reserve has likewise
intervened in recent decades to stop needed water develop
ment . Figure 4 shows the rise in national spending on water
projects from 1 900 to 1 970 . Spending varied over time for
different uses of water. In the earlie�t period , improved navi
gation was the goal ; then water fo� irrigation and water for
I
power became important . In the 1 960s , new water supplies
for general use were added.
Since 1 970, the argument is repeatedly made that "the
era of water projects is over . " The Fed's western district
governors have stated their opposition repeatedly. Among
their clearest statements of this poirt of view is a book con
taining the proceedings of a 1 979 symposium sponsored by
the Federal Reserve B ank of Kansas City , on the topic of
"Western Water Resources: Comink Problems and the Policy
,,
Alternatives. 4 The speaker , Theod1ore M. Schad , on "Means
to Augment Supply , " argued that where water resources are
scarce , "the most economic way to bring supply and demand
into balance is by reducing dema d . " He argued that "our
institutions can be updated to meet the new conditions" of
inadequate water for such uses as ih-igation.
At the same conference , the idea of large-scale interbasin
transfers , such as the North Ameriqan Water and Power Alli
ance (see below) , was singled out �br special attack. Canadi
an engineer Keith Henry asserte , "I do suggest that the

I
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Spending on U.S. water projects, 1900-70

Requirements and costs of supplying
potable water to Lima, Peru, 1990

(billions 1 972 $)

(millions $)

$3.0

Selected projects

Expansion of La Atarjea water treatment plant

Cost

$

15

Yuracmayo Reservoir

25

Wells-Argentine-Peruvian Protocol
(60 wells under construction)

14

Wells-rehabilitation

1 31
1 69

Reduction of water loss

17

Peruvian-Italian Protocol

10

@lJ Power

o Irrigation

� Flood control

2.0

• Navigation

1 .5

1 .0

Mantaro-Sheque water project
(hydro dam and aqueduct)

1 ,800

Total estimated cost

$2,285

Allocated as of April 1991

$

14

Source: "Auschwitz Below the Border," EIR Special Report, May 1 99 1 .

colossal concepts such as Nawapa will not be practicable
with the technical , economic , energy, and political con
straints under which we presently live , and even smaller
schemes are going to present great difficulties . "
The Federal Reserve has collaborated with a phalanx of
water "experts" at such think-tanks as Resources for the Fu
ture to rewrite state and federal laws governing water, and
their anti-improvements policy has prevailed up through the
present . The same staff has gone back and forth between the
Federal Reserve and other policymaking positions, to carry
out their campaign . For example, Emery Castle , past presi
dent of Resources for the Future , was a Fed staff researcher
in Kansas City. Most recently , Gus Speth , a founder of the
Washington , D . C . -based World Resources Institute-part
of the Federal Reserve policy group-was appointed by Pres
ident-elect B ill Clinton to head his transition "cluster" group
on resources and the environment.
California has been a target state , because , with or with
out drought, its water budget has been exceeded for several
years , because of the Federal Reserve ' s anti-development
policy . In October 1 992, a new federal water law gave per
mission to deregulate California ' s Central Valley Project
the largest federal water program in the country , and to create
a "water market. "
This i s an example o f the new institutions the Federal
Reserve has demanded . In early 1 99 1 , the senior economist
of the San Francisco Federal Reserve, Ronald Schmidt ,
wrote , "Over the longer term , deregulated water markets
could offer an automatic mechanism to solve the [water]
allocation problem in the least-cost way . As supplies shrink,
prices would rise . And those who can most easily reduce
Feature
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• Water supply

5

Mantaro Aqueduct
Completion of whole project
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TABLE 6

0.5

o

1 900
1910
1 920
1 930
1 905
1915
1 925
1

jI

1 940
1 950
1 960
1 970
1 945
1 955
1 965
5

Source: Federal Reserve of Kansas City, Westem Water Resources, Boulder,
Colo.: Westview Press, 1 980.

their consumption will do so . Once water users face the true
cost of water-that i s , the price others would be willing to
I
pay for it-they have financial incentives to put water to its
most valuable use . "

I

High-cost, primitive 'alternative' systems
The World Bank , Federal Reserve , and related agencies
have collaborated in producing bany surveys and databanks
on costs of "alternative" water tr�atment methods , in an effort
to justify their ban on water d �elopment . They argue that
primitive "alternatives" are cheaper . But Table 7 gives a
summary of this type of thinking , and the figures show how
this argument is a lie .
Sources: How about towing icebergs to water-short ar
I
eas? Since you see only the pr verbial "tip of the iceberg , "
you could easily underestimate the significant towing costs
for the ice mass beneath the waterline . Furthermore , the
water channel has to be deep anti wide enough to accommo
date an iceberg , and many chan els are not. Finally, the ice
melt rate is so slow , that crushdrs , conveyer belts , and heat
exchangers would be required to organize any decent flow .
Therefore , the cost per cubic m6ter of iceberg water soars .
So, how about hauling water in giant plastic bags or
bladders? This can be done , b�t the towing and handling
costs also drive up the price . It ay work for a remote tropical
island , or an oil rig , but not for la large , economically active
population .

I
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TABLE 7

Costs of primitive water systems
I. Providing water

Arctic iceberg to Middle East ( 1 992 $)

$ 3.75 per cubic meter ($1 4.25 per 1 ,000 gallons)

Hauling a bladder 500 km by sea, 1 ,000 cubic meters per bladder (1 970 $)

$1 5.00 per cubic meter

II. Treating wastewater: World Bank estimates for different sanitation systems, given in costs per 6-person household

Monthly
operational cost

Monthly
water cost

70.70
1 07.30
1 23.00
1 92.20
204.50
355.20
397.70

$0.20
1 .60
n.a.
2.30
0.40
0.30
0.40

$0.30
n.a.
n.a.
n.a.
0.50
0.60
n.a.

$ 2.00
3.80
2.60
5.00
5.20
8.30
8.70

2
4
3
6
6
9
10

Medium-cost:
Sewer aqua privy
Truck cartage
Aqua privy

570.40
709.90
1 , 1 00.40

2.00
5.00
0.30

0.90
n.a.
n.a.

1 0.00
1 3.80
13.80

11
15
16

High-Cost:
Sewerage
Septic tanks

1 ,478.60
1 ,645.00

5. 1 0
5.00

5.70
5.90

41 .70
46.20

46
51

Total
investment cost
Low-cost:
Pour-flush toilet
Vacuum truck cartage
Pit latrine
Bucket cartage
Septic tank
Communal toilet
Composting toilet

$

Total
Percent" of income of average
monthly cost 1
I �w-income household

III. Distribution: World bank estimates for prices charged by water vendors

(factors are for mid-1 970s-80s)

Multiples of price" charged
by public water utility

City
Lima, Peru
Karachi, Pakistan
Lagos, Nigeria

17
28-83
4-1 0

Notes
,
1. Assuming that the investment cost is financed by loans at 8% over 5 years for low-cost systems, over 10 years for medium-cOst, and over 10 years for high
cost.
2. Assuming that average annual per capita income is $180, with 6 persons per household.
3. The price estimates are by EIR, based on 1992 water costs.
Sources: World Bank Studies in Water Supply and Sanitation, Appropriate Sanitation Altematives: A Technical and Economic Appraisal, Baltimore: Johns
Hopkins University Press, 1982; World Bank Urban Development Division, ·Urban Strategy Paper,· draft, Washington, D.C. : May 1989.

Sewage treatment: The World Bank argues for primitive
sewage treatment, on the basis of how expensive modern
sanitation methods are when costs are borne as a percentage
of a low per capita income. The World Bank figures in this
case are $ 1 80 per person per year. But their argument falls
apart if you presume that per capita incomes should in fact
be higher, and that people need sanitation to be productive.
Moreover, from a scientific standpoint, the primitive meth
ods listed would simply not work to protect the population if
they live in any kind of concentrated density.
Distribution: Water street vendors, who bring it to you
in multi-gallons cans, are part of what the World Bank and
IMF like to call the "informal economy"-their polite name
for the coolie-labor impoverishment they are enforcing. The
costs of water per 1 ,000 gallons in this system is exorbitant .
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Improving the natural endowment
If you look at the Earth as a plllJletary engineer does, you
see that it is well endowed with water. However, the forms
of water are not always useful: It is too salty, frozen, or
scanty, and regionally, there is great variation in freshwater
supplies.

Run-otT

Table 8 shows what a tiny fraction of the Earth's water
exists as freshwater run-off. Over 97% of the world's water
is in the oceans. And of the 2.8% ithat is fresh water, only a
fraction of 1 % is available as stream run-off, lakes, and
groundwater.

Feature
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TABLES

Estimated world water supply and budget
000 km3
volume

Water item

% of
water total

Water in land areas:
Fresh water lakes
Saline lakes and inland seas
Rivers (average instantaneous volume)
Soil and vadose water
Ground water to depth of 4,000 m
(about 13,100 ft.)
Icecaps and g laciers

125.00
104.00
1.25
67.00

0.0090%
0.0080%
0.0001%
0 .0050%

8,350.00
29,200.00

0.6100%
2.1400%

Total in land area (rounded)

37,800.00

2.8000%

13.00

0.0010%

Atmosphere
World ocean

1,320,000.00 97.3000%

Total, all items (rounded)
Annual evaporation:
From world ocean
from land areas

1,360,000.00

100%

350.00
70.00

0.0250%
0.0050%

Total Annual precipitation':
On world ocean
On land areas

420.00
320.00
100.00

0.0310%
0.0240%
0.0070%

Total
Annual runoff to oceans from rivers and
icecaps
Groundwater outflow to oceans2

420.00

0.0310%

38.00
1.60

0.0030%
0.0001%

39.60

0.0031%

Total

Notes:
3
1. Evaporation (420,000 km ) is a measure of total water participating annually
in the hydrologic cycle.
2. Arbitrarily set equal to about 5% of surface runoff.
Source: Nace, U.S. Geological Survey, 1967

Historically, lakes, river and stream flow are the handi
est, cheapest form of fresh water. The relative quantities of
freshwater run-off on each continent are shown in Table 9.
This flow is carried by a practically uncountable number of
rivers and streams . The United States alone has an estimated
3 . 25 million miles of river channel . Figure 5 shows some of
the prominent rivers of each continent, with an outline for
the borders of the river system watershed, or "basin. "
I n the course o f human history, as patterns of human
settlement evolved, existing surface water sources were used
up in many locations, and societies intervened with "man
made" rivers and lakes to channel freshwater flow where
needed. The oldest known dam is said to have been built
between 2700 and 2500 B . C . at Helwan, Egypt, where a dry
wadi was dammed to trap seasonal water. The most famous
man-made rivers are the aqueducts of ancient Rome, dating
from 3 1 2 B . C . to A . D . 226, aQd the Grand Canal of China.
However, it is only since the Golden Renaissance of the
fifteenth century that water technology has leapt ahead. In
the Netherlands, for example, water engineering has for cen
turies succeeded in holding back seawater with dykes,
allowing for freshwater storage inland, and capturing more
land for productive use. Dutch waterworks appear in many
Rembrandt drawings and paintings . The Italian Renaissance
master Leonardo da Vinci studied and depicted water flows
and engineering.
In the twentieth century, advanced construction tech
niques came into being, using concrete, heavy equipment
and explosives, and entire river basins were improved by
dams, channels, and other wa�rworks . The 1 930s was the
era of the great dams in the United States, when, for example,
the Boulder Dam was built, creating the largest man-made

TABLE 9

Worldwide stable runoff, by conti nent
Stable runoff (km3)'
Of underground

origin
Europe
Asia
Africa
North America
South America
Australia3
Total'

Regulated
by lakes

Regulated by
water reservoirs

Total

Total river
runoff"

Total stable
runoff as %
of total runoff

1,065
3,410
1,465
1,740
3,740
465

60
35
40
150

200
560
400
490
160
30

1,325
4,005
1,905
2,380
3,900
495

3,110
. 13,190
4,225
5,960
10,380
1,965

43
30
45
40
38
25

11,885

285

1,840

14,010

38,830

36

Notes
1. Excluding flood flows.
2. Including flood flows.
3. Including Tasmania, New Guinea, and New Zealand.
4. Except polar zones.
Source: Lvovitch, M.I., Eos, Vol. 54, No.1, Jan. 1973, © American Geophysical Union
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lake in the country, Lake Mead. The Colorado River basin
is the textbook example of river basin development . The
Tennessee Valley Authority developed the multi-state region
of the Tennessee River system.
Hydrologists have estimated the amount of run-off flow
that has now been organized for man's use, on each conti
nent, as shown in Table 10, which gives withdrawals as a
percentage of river run-off, and withdrawals per capita by
continent and by selected country. What stands out is that in
South America and Africa, relatively little of the river run
off is withdrawn for man's needs: 3% in Africa and 1 % in
South America. The withdrawals vary greatly from country
to country, depending on their river flows and economic
activity. In Egypt, 97% of the river run-off is used; in Israel,
88% . In Saudi Arabia, 1 06% is used; the Saudis add water
to run-off through desalination . In contrast, 1 % of the run
off is withdrawn for use in Canada, and 2% in Sweden .
In particular, interbasin transfers of water have been or
ganized to direct flow from one basin into another, where
it is needed more for direct human consumption, and for
improving the environment . The earliest dated interbasin
transfer in the United States, for example, was in Massachu
setts .
In the post-World War II period, nuclear scientists con
ducted successful experiments with peaceful nuclear explo
sives (PNEs) for use in geographic engineering, especially
for continental-scale water projects, as well as for waterway
channels-for example, a new, wider Panama Canal, or a
canal cut through the Isthmus of Kra in Thailand. Called
EIR
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"Project Plowshare" for turning the destructive power of the
atomic bomb into constructive uses; the programs were even
tually canceled under pressure from anti-development
powers.

Groundwater
In addition to surface water run-off, underground water
is a vital water resource. Tables 8 and 9 indicate volumes of
groundwater by continent. Some groundwater is considered
"fossil" water-trapped in long past times, and not being
replenished by any new flow. Other groundwater-whether
large aquifers, or flow adjacent to a river bed-is considered
renewable, because it receives an inflow, which can poten
tially replenish what flows out or is pumped out . Estimates
for locations and volumes of groundwater are being revised
frequently, as new resources are identified by satellite, using
special sensing techniques that qn "see" underground to
about 20 feet below the Earth' s surface.
Over the centuries, water pumping technology has al
lowed greater use of groundwater. The famous Archimedes
screw-an auger that can lift water up through a pipe-is
reckoned to have come into use around 250 B . C . Centuries
ago, the system of buckets on a chain around a sprocket came
into use, with the further advance ()f treadmill power. In the
twentieth century, high-powered drills, tough drill bits, and
electrified water pumps have en.bled groundwater to be
pumped up at record volumes from record depths .
In recent decades, water levels in some aquifers have
dropped significantly because of o�erdraft-the drawing out
Feature
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Location

United States: annua I �recipi
" "tat"Ion

Run-off
(km')

Withdrawals
(km')

Percent Withdrawals
per capita
of water
(m')
resources

8%

660

Africa
Egypt
Congo

4, 1 84
58.3
271 .77

1 44
56.4
0.04

3%
97%
1%

244
1 ,202
20

North America
U nited States
Mexico
Canada

6,945
2,478
357.4
2,901

697
467
54.2
36. 1 5

1 0%
1 9%
1 5%
1%

1 ,692
2 , 1 62
901
1 ,501

1 33
4.1
35.04
6.1

1%
<1%
1%
' 1 5%

476
387
212
294

40,673

World

3,296

South America
Venezuela
Brazil
Peru

1 0,377
1 ,3 1 7
6,950
40

Asia
Israel
Saudi Arabia
China
India
Japan

1 0,485
2. 1 5
2.2
2,800
2,085
551 .43

1 ,531
1 .9
2.33
460
380
1 07.8

1 5%
88%
1 06%
1 6%
1 8%
20%

526
447
321
462
61 2
923

Europe
Belgium
Sweden
Germany

2,321
9.25
1 97. 1 1
1 95

359
9.03
3.98
4 1 .4

1 5%
72%
2%
26%

726
91 7
479
650

Former U.S.S .A.

4,634

353

8%

1 ,330

Oceania
Australia
New Zealand

2,01 1
343
397

1%
5%
<1%

907
1 ,306
379

Source: World Resources,

23
1 7.8
0.03

1990-1991, New York: Oxford University Press,

1990.

of more water than was being replenished by inflow . Where
this occurs in an aquifer near the seacoast , salt water intrusion
frequently becomes a problem, as , for example , in Califor
nia, Florida, and on Long Island , New York . Inland prob
lems can include ground slumping , as the water table lowers
from groundwater overdrafts , for example , in Houston .

North American Water and Power Alliance
Figure 6 gives the pattern of average annual precipitation
in the United States , from which it can be seen that for the
most part, rainfall in the eastern states is ample for rain-fed
agriculture and stream run-off, and groundwater replen
ishment; whereas as you go west, the rainfall decl ines mark
edly, with the exception of the Northwest . In the 1 7 arid
western states are located most of the large dams built this
century for river basin management to provide maximum use
24
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FIGURE 6

TABLE 10

Annual withdrawals of river run-off
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of run-off in the region-for example , the dams on the upper
Missouri system, the Colorado River system. About three
I
quarters of the run-off in the (lry states comes from snow
melt from the Rocky Mountain chain .
Although some work rem�ns to be done on these river
management systems , the l imits are being reached overall on
how much more water can be g ined . As the best barrier sites
i
for dams were utilized , the p tential for gain diminished .
(See Table 9 for a world overview of amount of river run-off
made stable by dams and basid management . ) In the United
States, the average reservoir ca acity producer per cubic yard
of dam declined from 1 0 . 4 acr -feet in the 1 920s and earlier,
down to 2 . 1 in the 1 930s , 0 . 5 21in the 1 940s , and 0 . 29 in the
1 960s , according to the U . S . Geological Survey . 5

I

�

�

This limitation was foreseen 40 years ago , and in the
1 960s , various larger-scale w ter projects were considered
in Congress and by western s�ates engineers , especially in
Texas , California, and Colora�o . The most ambitious plan
put forward was the North American Water and Power Alli
ance (N awapa) , which , had it b I en implemented , would have
prevented the California water shortages which are now be
ing blamed on the drought. 6
Figure 7 gives a schematie route of Nawapa, superim
posed on a topographical maP of North America. The idea
is to divert to the south , water that now flows northward ,
unutilized , into the Arctic Oc an . The northwestern region
of North America receives ab9ut one-quarter of all the rain
and snow that hits the continent . The Nawapa scheme would
divert up to 1 5 % of this flow , �eginning with channelling it
into a natural wonder reservOir: the 500-mile-long Rocky
I
Mountain T'fench in B ritish C lumbia. The trench is a 1 0mile-wide geological formatio that could hold almost 500
million acre-feet of water .
Construction time for the entire Nawapa design is esti
mated to be 20 years , after the rrst 5 - 8 years of engineering
reconnaissance and other prefarations . This timetable is
method s , not the time-savbased on traditional constructi

i

9
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ing nuclear methods that could also be applied.
Ultimately , the plan could provide an addition of 1 35
billion gallons a day to the United States , and additional
supplies to Canada and Mexico. For the U . S., this would be
a 25% increase to the existing , readily available national
water supply of 5 1 5 billion gallons daily.
The project would best proceed in stages. U nder the origi
nal projection , after Year 8 of construction , it would be possi
ble to produce and sellS million kilowatts of electricity. After
year 9 , some 23 million kW would become available , and
the first flow of 1 5 million acre-feet per year of water would
begin. In 1 2 years , there could be 3 1 million kW of electrici
ty , and 39 million acre-feet of water.
The benefits of Nawapa go beyond water for direct con
sumption. The transport benefit is also enormous. Water is
the cheapest method of moving goods. Figure 8 gives the
comparisons of tons that can be moved by three freight
modes: barge , train , and truck.
As of 1 990 , the United States had about 1 1 ,000 miles of
mainline inland waterways . Nawapa would increase this by
a huge factor in the United States , and would open up new
lands for settlement in Canada. Nawapa would bring new
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north-south water routes through the High Plains of the prai
rie provinces and state s , where at prbsent such travel is costly.
I
This could open up population dens 'ties on the scale of southeastern Pennsylvania or Rhineland permany .
The added water from Nawapa can be the means to stabi
lize and maintain the Great Lakes , J.,hich are otherwise being
degraded from decades of pollutio from depressed econom
ic activities and from "natural" l acustrine aging.
The cost of Nawapa was figu�d at $ 1 00 billion in the
1 960s , which today would be $300 billion , or $ 1 0 billion a
year for 30 years , depending on the pace of construction.
Each phase completed would have Jignificant positive effects
· economy as th e project
' I procee d s.7
on the enttre

l

China's great water projec s
Figure 9 gives the precipitatiorl pattern for China , show
ing the striking change from the r lOnsoonal rain belt in the
southeast, to the extreme arid voi 1 in the far northwest. The
river run-off patterns reflect this: The Yellow River and other
I
streams in the north have far less flow than the Yangtze and
others to the south. However, there is another striking feature
of China' s run-off. The Yellow R'ver carries a heavier load
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FIGURE 8

Barges carry far more bulk than rai l road cars or trucks
,.
Barge
I,SOOton
52,500 bushels
453,600 gallons

15 barge tow
22,500 ton
787,500 bushels
6,804,000 gallons

..

i2

Z

Jumbo hopper car
100 ton
3,500 bushels
30,240 gallons

d

12

a2

100 car unit train
10,000 ton
ushels
3SO'
3,024,
gallons

a
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Large semi
26 ton
910 bushels
7,865 gallons

Equivalent Units

1 Barge
15 jumbo hoppers
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t.

d I a
d I2
..

aa a
aa

a

-

2 '/. unit trains
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'/. mile
15 barge tow

d

I

a a a a
2

0'. miles

2 '/. unit trains

34 '/. miles

Assuming 150 ft.
between trucks

Source: Iowa Department of Transportation.

of silt than any other river in the world . It flows through
China's famous "loess" belt, a huge area where crusty, wind
blown soil deposits exist, contributing to heavy sedimenta
tion in the run-off. (See Table 1 1.)
While the water endowment of China overall, as shown
in Table 1 0, may appear ample, the problem is that there is
an acute water shortage in much of northern China . So the
challenge is to shift water, or improve the Yellow River
system to aid the target regions, while not harming the south .
A comprehensive approach to this was given earlier this cen
tury by Sun Yat Sen . 8
Figure 10 gives a schematic picture of priority water
projects today. Engineers have identified three channel routes
which could be built in the headwater region of the Yangtze,
and which could divert some of its ample waters northward
into the headwaters of the Yellow River. In addition to its
augmented flow, the Yellow River could be improved by
side channel drainage lakes, where sediment could collect,
leaving the main channel to flow cleaner and faster.
Figure 10 also identifies the route of improvements in
the centuries-old Grand Canal running between the lower
26
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Yangtze and the lower Yellow River. Engineers have also
devised central canal routes to, take Yangtze Basin water
northward toward Beijing . Wotk also needs to be done to
keep the Yangtze levees in place. Reinforced levees, plus
headwater diversion and flood salfety provisions in communi
ties, would minimize the damage now sustained when the
Yangtze floods periodically .
These projects would go far toward improving the pattern
of water flow in China, withoUt detracting from existing
water use patterns. In the southem Yangtze Basin, and south
ward, water is put to intensive use in agriculture, with two
crops a year. This must not be disrupted, lest the food supply
for millions of people be jeopardized. With the canal ap
proach, three new north-south corridors of potential high
technology development are opened up without disruption to
present agricultural water use patterns .
This approach is discussed for India and China by civil
engineer Ramtanu Maitra, who heads the New Delhi-based
policy group Fusion Asia. "Water management is a challeng
9
ing proposition," he wrote in a recent article. "Simple for
mulas will simply end in failure. It is for this reason that
EIR
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FIGURE 9

TABLE 11

Annual precipitation in eastern China

Yellow River carries largest sediment load

D Very light « 1 5 in.)
I'2l Light ( 1 5-20 in.)
� Moderate (20-40 in.)
1111 Heavy (40-60 in.)
• Very heavy (>60 in.)

River

Annual
sediment l oad
(million metric tons
per year)
'.

Huang He (Yellow)

1 ,640

Ganga

1 ,450

Amazon

850

Chiang Jiang (Yangtze)

480

ean water
discharge
(m3/second)

I
I

Catchment
area
(km2)

1 ,370

752,000

1 1 ,800

955,000

1 72,000

6, 1 00,000

29,200

1 ,807,000

Source: Frits van der Ledeen, Water Re50urC�5 of the World, Port
Washington, New York: Water I nformation Center, 1975.

disruptive to downriver economic activities, while its hy
dropower potential-the main argument in its favor-is infe
rior to a nuclear power program . A� of 1 992, the first phase
of moving people out of the way 0 the future lake and con
struction site has begun .

a dam system, a canal, or a reservoir by itself is always
inadequate . The minimum water-management unit is an en
tire river basin, which requires a combination of infrastruc
ture . The water balance of adj acent river basins must be taken
into consideration, with the purpose of using water supplies
to create a balanced situation throughout the entire region . "
The freshwater run-off i n China could never be enough
to provide the volumes of water needed in the arid north to
tum it into a widely irrigated region ; the water is not there,
no matter how the rivers are managed . Northwestern China is
a desert void . However, w ith advanced agriculture methods
such as hydroponics, which yield up to 1 00 times the biomass
per cubic meter of water as open-field farming, new limited
supplies of water could be put to effective use. What this
requires is cheap energy-namely, nuclear power.
A series of nuclear-powered desalination plants in the
population concentrations in the lower Yellow River basin
could supply both urban needs-now at the crisis stage in
Beij ing, Tianj in, and other cities-and could also provide
10
water for hydroponic farming .
Cost estimates for these projects will be in the range of
the Nawapa continental-scale project described above .
Figure 10 also shows the location for the proposed giant
"Three Gorges Dam" on the Yangzte River . The problems
with this proposal-a pet project of the World B ank-do not
lie with questions about its construction feasibility . Although
it would be the world ' s highest dam, the engineering studies
show that it can be built. The problems are that it could be
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Water basin development t r India
I
Figure 1 1 shows the wide variation in water resources
on the Indian subcontinent . The In o-Gangetic plain stands
out, where the run-off from the �malayas, plus the mon
soonal rainfall in the basin, add up to a large annual river run
off. However, most of the Indian s*bcontinent-the Deccan
shield-is dry . The major rivers ar9 shown in Figure 12, and
Table to gives the water run-off fo the country .
The goal of bringing water to t�e drylands has been pro
moted for decades . The leading idea has been to run a link
canal north to south, through the i �ervening river basins, to
create a Ganga-Cauvery waterway, although this has not
been initiated . The Raj asthan Canal in the northwest desert
has opened up large new farmland .
ada Valley Development
The newest project is the N
Project . I I The inset map in Figure 1 12 gives the outline for this
program, the largest ever undertaken in India. The Narmada
i
is India's fifth largest in size, and t e largest among the east
west-flowing rivers . It represents a enormous untapped po
tential resource, because w ithout the project, river water utili
zation is barely 4 % , as huge amoun s of fresh water drain into
the Gulf of Khambhat in the Arabian Sea unused each day .
The design encompasses const�ction of 30 major dams,
1 35 medium-sized dams, and mOIf than 75,000 kilometers
of canals . The total project area is �6, 350 square kilometers.
The centerpiece of the proj ect is the S ardar Sarovar Dam,
whose site is at Vadgam in the st�te of Guj arat. This dam
will provide an irrigation potentidl of 1 . 9 million hectares
I
and an installed capacity of 1 , 50@ megawatts of electrical
power, plus flood control and op ortunity for aquaculture
and recreation .
The project is conceived to be built in stages, but when

�
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FIGURE 1 0

Route alternatives for proposed i nterbasi n transfer i n China

Central
Route

completed by the turn of the century, it is expected to provide
irrigation water to 5 . 2 million hectares of arable land, gener
ate 3,500 megawatts of electrical power at peak load, and
make water available to at least 1 0 . 8 million rural people
who do not now have access to an adequate amount of water .
'
The original estimated cost was about $ 1 5 billion-a
figure likely to be too conservative, but still cheap at the
price. The Sardar Sarovar Dam cost is estimated at $5 billion.

Nuclear-powered desalination
Several types of processes are available today that will
remove dissolved minerals (salts) from seawater or brackish
water and will render the water fit for its intended use, wheth
er pure (for drinking water and sensitive processing) or less
pure (for agriCUlture and manufacturing use) . Broadly, the
processes fall under two categories: distillation and mem
brane use.
The costs involved vary greatly, but they mostly depend
28
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on the condition of the water $ ource and the cost of energy
required to do the job . Theref�re, the cheapest way to pro
duce large volumes of water at �esired purities is from nucle
ar-powered, large-scale advan<ted desalination.
The desalination methods llI'e here described briefly, and
specifics are then given for two of the proposed large-scale
nuclear-powered water plants. F

Distillation' processes

• Multi-stage flash (MSFj) . By this method, seawater is
first heated, then passed to another vessel (called a "stage"),
where the water will immedi*ely start boiling-a process
called a "flash," because of tl)e ambient pressure there. A
small percentage of the water �ill convert into vapor, which
is condensed as fresh water on tieat exchanger tubes. Multiple
stages of this process are ope�ated at successively reduced
pressure . The heat exchanger l tubes that run through each
flash vessel in tum warm up thb feed water. In this way, the
thermal energy requirement is ! lessened in order to heat the
incoming seawater in what is c�lled the "brine heater. "
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FIGURE 11

India: wide variation i n water resources

There are both ED and EDR (electrodialysis reversal)
systems .
• Reverse osmosis (RO). This process does not use
heating or phase change (liquid to vapor) for separating out
the salts . RO uses pressure to forte pure water through a
special membrane, leaving the salt s behind. There are three
commercial configurations for applying this principle: spiral
wound, hollow fiber, and flat plateJ The first two configura
tions are most commonly used . Th pressures required vary
with the level of salt concentration, and with the type of
membrane in use .

�

Systems compared

• Multi-effect distillation (MED). This also occurs in
a series of vessels (effects or stages) in which there is succes
sively reduced pressure . Pure water is produced in a number
of ways: by flash evaporation, as in MSF; and by boiling and
directing the steam produced in one vessel as the heat source
for the next one. Bundles of evaporator tubes are sprayed
with seawater in a thin film, which promotes rapid boiling
and evaporation. The fresh water product is recovered from
the condensation of steam or water vapor inside the tubes.
• Vapor compression (VC). Various types of compres
sors-mechanical or steam jet-type thermo units-are used
to provide the heat for evaporating the seawater feed. Differ
ent configurations are used for the heat exchangers .

Membrane processes

• Electrodialysis (ED). In this process, salts are re
moved from the brine by use of the principle that most miner
al salts dissolved in water will dissociate into their ions in the
presence of an electric current, so the salts can be segregated
out by two special membranes that allow the passage of either
only positively (cation) or only negatively (anion) charged
ions. The configuration for this usually involves a "stack" of
alternate layers of the two membranes, with water passages
between them, and the electrodes at the top and bottom.
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The RO system is relatively new, coming into use in the
1 970s for brackish water, and for seawater in the 1 980s . Its
wider use has come about because of advances in membrane
technology .
The MSF and MED plants are widely applied where
steam is available from an adjacent electricity plant. MSF
plants have been in use since the 1 9 50s, and tend to be built
in units producing from 4,000 to 30,000 cubic meters per
day ( 1 to 8 million gallons per day) . The MED plants are
commonly smaller.
VC units usualy use electrical energy, and tend to be
smaller yet, and not linked to a power plant . They are used
for industrial applications, offshore drilling rigs, and such
specialty locations as resorts .
ED and EDR are extensively used for brackish water, or
for improving the purity of local water to meet high stan
dards. The process is used to tre.t low salt water (in the
range of 1 ,000- 5,000 milligrams per liter,) and the amount of
energy required varies directly witli the salt content. Installa
tions can be made large by havin multiple plant modules .
They tend to be built for industrial, municipal, and hotel use .
Table 12 shows the output size for which each method
of desalination is commonly used because of its power and
other requirements .
Over 65% o f the world' s installed capacity i s located on
the Arabian Peninsula in the oil-ricb desert countries of Saudi
Arabia, United Arab Emirates, Q$tar, Oman, and Kuwait.
The largest desalination plant in operation today is at Al
Jubail, Saudi Arabia, which prodpces 288 million gallons
per day. The plant at Doha West, Kuwait produces 1 1 5 mgd;
the Abu Dhabi plant in U . A . E . prolduces 9 1 mgd.
However, nuclear power is not used in any of these
plants, which instead rely on oil and natural gas . Because of
the worldwide anti-nuclear policy, ithere are very few desali
nation facilities around the globe, �d most of them are small
and high-cost. The common uses! are for resort hotels, oil
rigs, industry use, etc.

g

Proposed nuclear desalination projects
In 1 988, the U . S . Department of Energy and the Metro
politan Water District (MWD) of California jointly commisFeature
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FIGURE 1 2

Narmada Valley Development Project i n India's river systems
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sioned a study to see if nuclear-powered desalination would
be beneficial for southern California, in providing both water
and electricity. The final report was prepared by General
Atomics, Bechtel National, Inc . , and Gas-Cooled Reactor
Associates in December of that year, and the specifications
showed that such a facility could be built by the tum of
century, providing 106 million gallons (40 1 ,000 cubic me
ters) of fresh water daily and 466 MWe of net power (Table
13) . The costs would be about 50¢ per cubic meter for water,
and 5¢ per kWh for electric 1 3 (Table 14) .
Subsequently, the MWD officials decided against the
undertaking, not because of fault with the designs, but be
cause of anti-nuclear pressure and the economic depression .
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The details indicate that the plans are feasible and provide
inexpensive power and water.

The California MWD proposal
A modular high-temperature gas-cooled reactor
(MHTGR) can be coupled to a low-temperature multi-effect
distillation (LT-MED) desalination facility to yield power
and water in the quantities desired . The principle is to use
the cheap reject heat from the power plant to distill the seawa
ter. The concept involves coupling the MHTGR to a high
temperature turbine-steam system, from which the turbine
exhaust heat is then delivered to the desalination process, at
a relatively low temperature of 1 65°F .

EIR
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TABLE 12

TABLE 14

Common sizes i n use and energy
requirements for desalination processes

Major costs of the M HT G R desalti ng plant

Process
Multi-stage flash
Multi-effect
distillation

First

Plant size
commonly in use
(daily volume)

Energy required

4,000-30,000 m3
( 1 -8 million gaL)
2,000- 1 0,000 m3
(0.5-2.5 million gaL)
3.5-9.0 kWh/1 ,000 liters
( 1 3.25-34 kWhl1 , 000 gaL)

Reverse
osmosis

Electrodialysis and
50-4,000 m3
electrodialysis
( 1 5,000-1 million gaL)
reversal
Vapor compression

Source: International Desalination Association.

TABLE 13

Major design parameters of the MHTGR
desalti ng plant
1 ,400

Reactor thermal power (MWt)
Gross generator output (MWe)

546

Net electrical output (MWe)

466

Fresh water production (mgd)

1 06

Thermal power to water plant (million Btu/hr.)
Water plant performance ratio
Maximum brine temperature

( F)
0

Intake seawater flow (gpm)
Product water, total dissolved solids
(parts per million)
Plant life ( years)

2,980
1 2 .4
1 47
333,500
<30
40

Source: S. Goaln, R. Schleicher, G. Snyder, M. laBar, and C. Snyder,
"Introduction to Nuclear Desalting: A New Perspective," Fusion Technology,
Vol. 20 , December 1991.

The LT-MED uses a horizontal tube configuration in
which each bundle of tubes is close-packed, with a tube plate
at one end and a collector at the other. The multi-stages of
evaporation and heat recovery take place in 1 6 of these bun
dles of tubes, grouped together as a "train" of 1 6 effects.
There are eight identical 1 3 . 3 mgd seawater desalting trains
in the proposed water production plant. Besides the effect
bundles, each train has a flash chamber and a heat rejection
effect, all of which are contained within an epoxy-lined steel
vessel measuring approximately 28 feet in diameter and 5 1 2
feet in length.
The nuclear plant consists of four 350 MWt reactor modEIR
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Nth of
a kind

Annualized capital cost
(millions $/yr.)

$ 1 43. S

$ 1 32.6

$ 1 25.9

Annualized fuel cost
(millions $/yr.)

$ 55.7

$ 50.0

$ 4 1 .0

Annualized O&M cost
(millions $/y r.)

$ 47.7

$ 44.4

$ 41 . 1

Annualized decommissioning
cost (millions $/y r.)

$

$

$

Total plant annual
cost (millions $tyr.)

$249. 2

Levelized power values
(centslkWh)

20-2,000 m3
(5, 000-500, 000 gaL)

Replica

2.3

5.79¢

2.3

2.3

$21 0.3

$229.3
5.27¢

4.77¢

Power sales revenue
(millions $ty r.)

$ 1 88.8

$1 7 1 .8

$ 1 55.6

Required water sales
revenue (millions $/y r.)

$ 60.4

$ 57.6

$ 54.7

Levelized water cost
without blending ($/acre-foot) $604

$576

$547

Levelized water cost
with blending ($/acre-foot)

$433

$41 4

$452

Source: S . Goaln, R. Schleicher, G . Snyder, M . laBar, and C. Snyder,
"Introduction to Nuclear Desalting: A New Perspective," Fusion Technology,
Vol. 20, December 1991.

ules, and the electricity plant consists of two turbine-steam
trains . Each reactor module is a helium-cooled, graphite
moderated nuclear core . The low-enriched uranium fuel is in
the form of ceramic-coated particles embedded in the graph
ite core structure. The core is enclosed in a high-strength
steel pressure vessel which is connected to a single steam
generator pressure vessel. A motor�driven circulator stirs the
helium coolant through the core and steam generator. There
is an independent shutdown heat removal system, to remove
decay heat for reactor maintenance and refueling conditions .
From these four reactor modules, the high-pressure, su
perheated steam is fed to a cornman header and delivered to
the area where it is converted to electric power, and from
which reject heat is supplied to the! desalting plant.

The advanced liquid metal reactor proposal
Another design for a nuclear-pbwered desalination plant
has been done by General Electric, under Department of
Energy sponsorship . 14 The nuclear plant, called an advanced
liquid metal reactor (ALMR), uses liquid sodium as the cool
ant, which permits operation at a�ospheric pressure, with
large margins to boiling, greater than 400°C (700°F) .
The GE design couples the reactor with a proposed re
verse osmosis desalting system, which is a relatively heavy
user of electricity. The power plan.t' s waste heat helps raise
Feature
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TABLE 1 5

TABLE 1 6

Major design data for the ALM R reverse
osmosis desal ination plant

M ajor annual operation costs of the ALM R
reverse osmosis desalination plant

Reactors per power block

3

Number of power blocks

1 /2/3

New electrical output

465 1 930 1 1 ,395 MWe

Turbine throttle conditions

955 poundsli n '

Reactor thermal power

4 7 1 MWt

Primary sodium temperature
Core inlet
Core Outlet

338°C (640°F)
485°C (905°F)

Fuel type
Reference
Alternative

U- Pu-Zr metal
U - Pu oxide

Source: C.E. Boardman a n d C.R. Snyder, "Advanced Liquid Metal Reactor
(ALMR) Desalinization/Electric Plant," Fusion Technology, Vol. 20,
December 1 99 1 .

the seawater feed temperature . The design proposal figures
on a 1 00 mgd capacity (see Tables 15 and 16) .

Desalination costs compared
Figure 13 gives the cost per cubic meter of desalted

seawater provided by the reverse osmosis method , in plants
ranging from very smal l , up to over 1 00 million gallons per
day . Using nuclear power, and installing large-scale opera
tions give the lowest cost per unit of water provided .
For comparison , note the horizontal line drawn at $2 . 40 ,
which is the cost o f providing 1 ,000 gallons o f water in the
benchmark water treatment plant on the Potomac River in
Virginia . By this measure , the costs of large-scale, nuclear
powered desalinated water are reasonable . Additional com
parisons are given in Table 17, in terms of the electricity
needed per cubic meter, and the varying costs of producing
the safe water, depending on the electricity costs .
The low costs of modem technology give us the power
to create new "run-off'-new man-made rivers and reser
voirs of man-made water . Table 1 8 compares the flow and
volume of water from large-scale nuclear-powered desalina
tion plants , with that of selected rivers and municipal water
districts . A giant desalination plant would produce more flow
than several natural rivers in Texas-for example, the Nue
ces or the Pecos rivers combined . Just the one desalination
plant proposed for southern California could provide all the
water for a town the size of Atlanta in the 1 970s .
And besides creating water anew , used water can be
cleaned up for safe recycling by modem means .

i

I

Cost
<rri ll ions $)

Capital charge

Cost per
1,000 gallons

$1 8.9

$0.69

Operation and maintenance

3.3

0. 1 2

Membrane replacement

7.22

0.26

Chemical cost

4.9

0. 1 8

Electricity cost

25.4

0.93

Total annual cost

59.8

Cost of water

2. 1 8
($704/acre-foot)

j

Basis of calculations:
International Desalination Association computer cost program
1 990 constant dollars
6% fixed charge rate
48-month construction period
90% availability
75% on-stream
80° F feedwater temperature
35,000 TDS seawater
0.043 $/kWh ALMR power cost

.

J

Source: C. E. Boardman and C . R. S nYd r, "Advanced Liquid Metal Reactor
(ALMR) Desalinization/Electric Plant," FUsion Technology, Vol. 20,
December 1 99 1 .

I

FIGURE 13
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Comparison of seawater desalination costs,
1
ype of pro cess
e
s
$8.00

$7.00

1

� Reverse osmosis
• M ulti-effect distillation
• Multi-stage flash

$6.00

$5.00

$4.00

$3.00

$2.00

$ 1 .00

N uclear

High-energy electron wastewater treatment
Radiation can be applied to contaminated water in a way
to render it safe and clean . U ltraviolet radiation is commonly
32
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Source: Intemational
Desalination and Its Processes,"
Vol. 2, No. 1, 1992.

"A Brief Background on
and Water Reuse Quarterly.
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TABLE 1 7

T ABLE 18

Typical electricity amou nts and costs for
modern water treatment processes

Comparison of large desa i nation plant
output with selected river and municipal
.
systems

Process '

Am ou nt
(kwhlm")

I

Cost ($1m")
Island

Florida

Nuclear

Brackish water, Florida,
reverse osmosis or
electrodialysis reversal,
45,000 m'/day ( 1 2 mgd)

I. Discharge

3

$0.21
$0. 1 5
$0.36
0 . 1 21kwh 0.07lkwh 0.05/kwh

0.05 0.006

II. E lectron beam treatment
of wastewater and sewage 2.6

0. 0035

0.0025

0. 1 8

0. 1 3

Source: International Desalination Association, Advances in Nuclear
Science and Technology, Vol. 22, New York: Plenum Press. 1991.

Reverse osmosis desalination plant,
corresponding to power at 1 GW inp� t,
and 3 kWh/m'
I

in use to disinfect water, and a less-known method promises
to be even cheaper and more adaptable: high-energy electron
IS
beam radiation.
The electrochemical principle involved is that irradiation
of the water results in the formation of the aqueous electron
e-, hydrogen radical, H + , and the hydroxyl radical , OH- .
These reactive transient species initiate chemical reactions
capable of destroying organic compounds in the water, in
most cases reducing them to carbon dioxide, water, and salt .
The reaction by-products are non-toxic.
The process involves generating electrons by an electric
current, accelerating them through an evacuated space under
high voltage, and then aiming at the water target . Since the
electrons are rapidly attenuated-for example, at an acceler
ation voltage of 1 -2 million volts, they would travel only 34 meters in the air-the process is very safe. They travel only
fractions of a centimeter if they hit water. Therefore, the
engineering problem becomes how to design an effective
treatment system.
A full-scale beam treatment plant is now in operation,
for purposes of research and testing, in Miami , Florida , at
the Virginia Key Wastewater Treatment Plant. Figure 14
shows how the plant is organized.
The wastewater influent comes in via a pipe and is direct
ed over a weir, where it falls in a thin sheet (about 4 millime
ters thick), and as it falls it is zapped by the electron beam.
The beam originates from a 1 . 5-million-volt insulated core
transformer (leT) electron accelerator . The accelerated elec
trons are propelled in a concentrated beam down a high
vacuum tube toward a scanner , which scans the beam to a
rectangular shape and directs it to cover the veil of water as
it passes over the weir .
December 1 8, 1 992

92
8.24
2 1 .9
67
68.5
92.2
95.2
1 00
39,200
1 75,000

Pecos River, Texas
Nueces, Texas
Santee, South Carolina
Red River of the North, North Dakota
St. Johns, Florida
Grand River, Michigan
Rio Grande River
Congo River
Amazon River
II. Volume
Source

EIR

Flow (m"/sec.)

Source

I. Desalinating Water

Seawater, state-of-art
reverse osmosis, with
1 GW power input

�
�

Quantity (

Proposed MHTG R multi-effect
distillation California plant
(40 1 ,2 1 0 m'/day output)

1 06

Memphis, Tennessee'
Indianapolis, Indiana
AUanta, Georgia
Honolulu, Hawaii
San Diego, California
Los Angeles, California'

90
91
1 04
1 10
1 10
1 18

m gd)
I

I

i
1. U rban data are for 1970.
2. Southern California Water County Districl.

Population served

(Depends on use)
623,530
680,000
700,000
535,000
723,000
535,000

I

p

Sources: American Water Works ASsociatio . EIR, Water Resources of the
Wor/d.

:
It is at this point, where the el trons penetrate the waste
stream, that the treatment occurs . 1 The system shown treats
1 20 gallons per minute of sludge , : which is 1 72,800 gallons
a day, or 238 , 7 1 0 cubic meters a j year , but it can easily be
scaled up.
:
.
The results from this test pla t show what can be done
for treatment anywhere in the w ld. Treatment causes the
removal of up to 99% of most t9xic organic compounds,
incl�ding chloroform, carbon tetIJac hloride, benzene, tolu
en� , dieldrin, ph�nol, and many others .

tt

d
or
I

Costs of electron beam-tre,ted wastewater

The Miami, Florida test facil.ty was built in 1 982 at a
cost of $2 million , and its estima ¢ cost of water treatment
is about $2 . 50 per 1 ,000 gallons o treated water . In compari
son, the current estimated costs o treating water with ultra
violet light and ozone is about $2 60 per 1 ,000 gallons (at a
flow rate of 600 gallons per min,te) . For comparison, see

t
lj
(
�
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FIGURE 1 4

Side view of the Electron Beam Wastewater Treatment Facility, Miami, Florida
,

Vault exhaust fan

Capacitor
bank

Source: Drinking Water Research Center, Florida Intematlonal University, Miami, Florida.

Table 4, which lists the costs of sewage treatment at the
conventional Virginia sewage treatment plant at $ 3 . 00 per
1 ,000 gallons.
The exact cost of using electron beam treatment can vary
widely, from a low of 25¢ per 1 ,000 gallons to $500 per
1 ,000 (including capital costs), depending on the flow rate
and on what compounds are in the wastewater, and what dose
of radiation is required. Table 1 7 shows various costs of
detoxifying a cubic meter of wastewater based on the costs
of electricity for 2 . 6 kWh per cubic meter.
For reference, Table 19 gives the estimated current costs
of the permanent 1 .5 million electron volt facility at Miami.

u. s. water infrastructure costs
Figure 15 shows the 1 8 major hydrologic regions of the
country, and shows which locations currently have a water
deficit, relative to today' s population and economic activities
in the region-even without taking into account greater needs
in the future. With new water supplies from Nawapa, desali
nation, and high-energy-treated wastewater, water deficits
can be easily closed. But additionally, there are repairs and
replacements to be made in the existing national grid of water
purification, distribution, and sewage treatment.
Water districts. Nationwide there are about 59,000 sep
arate water districts, ranging in size from those serving 25
people-the minimum to be defined as a water district-up
34
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T ABLE 19

Costs of electron beam wastewater
treatment system, Miami, Florida
Capital costs:

$1 ,850,000
I nstalled beam
500,000
Support facility (shielding, delivery �ystem , etc.)
2,350,000
Total
Amortization:

1 0 years @ 1 5%
20 years @ 1 5%

$466,OOOlyear
$374,000lyear

Hourly operating costs:

Operator
Power ( 1 50 KW @ $0.07IkWh)
Water (2,000 gph @ $1 .2511 ,000 gallons)
Maintenance
Total hourly operating cost

$20.00
$1 0.50
$ 2 .50
$ 8.00
$41 .00

Note
The estimated capital requirements repreSent an approximate 5% annual
inflation of the total price actually paid for lIle Miami faCility. No Indirect costs
are included, such as overhead or supe rv!sion.
Source: Intematlonal Desalination Association, Advances in Nuclear
Science and Technology, Vol. 22, New Y Qrk : Plenum Press, 199 1 .

to multi-millions of customers in the Metropolitan Water
District of southern California. 'In thousands of these dis
tricts, repairs and replacement facilities are overdue, as docu
mented in the U . S . Conference Gf Mayors survey, released
February 1 992, called "Ready to Go." The two-volume re-
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FIGURE

15

United States : 1 8 hydrologic regions, and areas of water supply problems

Problem
regions: run-off

deficit, ground
water overdraft,
or another
problem
Critical
regions:

saltwater
intrusion or other
problem
G ulf o f Mexico

port reprints the descriptions o f the backlog o f local public
works projects that need funding in the 535 cities responding
to the survey . Hundreds of these projects are waterworks of
16
all kinds-pipes, treatment plants , and reservoirs .
I f a conservative estimate is made that $ 1 mill ion i s re
quired , on average , for each of 29,000 water districts for
work on the supply , purification and distribution network ;
and that another $20 billion is needed for overhauling the
largest population centers ; then the total bill for this category
of water treatment is about $50 billion .
Hydrologic basins . According to a survey done in the
mip- 1 980s of the condition of water in the 2 1 hydrologic
regions of continental United States , Alaska , and islands , an
estimate was made that in order to meet water safety stan
dards for the population in the year 2000 , wastewater treat
ment infrastructure would require approximately $85 . 705
billion in spending . 1 7 The evaluation , called a "needs sur
vey , " was done by the Environmental Protection Agency
(EPA) . The continental U . S . was looked at in terms of the
1 8 hydrological regions , with a further breakdown into 3 1 4
sub-basins , whose dominant features were evaluated-lake
shores , coastline segments , as well as rivers and streams .
Table 2 0 gives the list o f estimated wastewater treatment
costs by hydrological region . The highest costs are projected
for the Mid-Atlantic region , where the highest population
concentration is located , some 35 million people .
I f these repair costs for local water treatment are tal lied
along with capitalization costs for new sources of water, then
the overall infrastructure program cost adds up to about $200
billion . Table 21 gives the breakdown : By contrast , the $20-
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Wastewater can be very efficiently
in the experimental/acility shown
water is "zapped" by high-energy ''' ''l.tI,rm.' as it passes over the
weir in a thin sheet. Treatment cost
I , 000 gallons is only
about $2 .50.
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TABLE 20

TABLE 21

U.S. wastewater treatment needs for the year
2000, by hydrologic region
Hydrologic region

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

New England
Mid-Atlantic
South Atlantic
Great Lakes
Ohio
Tennessee
Upper Mississippi
Lower Mississippi
Souris-Red-Rainy
Missouri
Arkansas-White-Red
Texas Gulf
Rio G rande
Upper Colorado
Lower Colorado
Great Basin
Pacific Northwest
California
Alaska
Hawaii, Pacific, Virgin Islands
Puerto Rico

Total needs

Popu lation

(mi l l ions $)

(thousands)

$ 6,526
1 4,935
1 1 ,458
7, 850
7,407
1 ,677
5,229
2 ,390
79
2,21 4
2,082
4,31 9
409
1 31
1 ,050
931
4,351
6, 005
343
972
2,248
$85,705

1 1 ,4 1 7
35,328
3 1 ,089
1 9 ,975
1 9,965
3, 074
2 1 ,479
7,583
586
1 1 ,446
8,9 1 8
1 8 ,693
2,470
1 ,026
5,703
2,977
8,727
30, 1 06
631
1 ,622
3,636
246,451

Cost of U .S. waterworks iinfrastructure
requ irements
(billions $)
Refurbish local water supply,
treatment storage, and distribution

$ 50.0

Refurbish local wastewater treatment

85.705

Construct 1 0 nuclear desalination fa ilities

1 8.5

b

Construct 5 E-beam wastewater treatment plants
Nawapa

3.0
40.0

Other water projects

5.0

Total

i

$200_705

Sources: Environmental Protection Agency, U.S. Conference of Mayors,
EIR.
!

40 billion infrastructure program mooted by the new Clinton
transition government , or the $20 billion program of Ross
Perot's United We Stand , would not even meet a portion of
the U . S . water infrastructure bill. Moreover, these lesser
proposals are intended to cover not only water, but also pow
er, transport, and other categories of projects .

• New York City. Most of the city's 14 treatment plants
are overtaxed, and regularly over capacity and break down.
• Pennsylvania . In the mid- 1 980s, the aged municipal
water systems of Scranton and McKeesport were struck by
outbreaks of giardia lamblia parasite contamination. They
had to be shut down, and water was provided by National
Guard tank truck.
The role of the federal government in recent years, has
been to chastise local water districts and demand compliance
with water cleanup standards , under threat of legal sanctions.
The federal Clean Water Act mandates sewage treatment,
and the EPA's Water Enforcem�nt Division monitors com
pliance. There are additional mandates , such as the Ocean
Dumping Ban act, which authori/les federal spending of $ 1 4
million a year through 1 995 for (Jcean monitoring, research
and enforcement , but no water treatment. San Diego, Bos
ton, and other cities are under court orders to clean up their
water systems , but no mobilization of funding resources is
forthcoming.

The cost of not letting infrastructure rot

Clearing cholera from the Rio Grande Basin

In this century, most treatment facilities have been built
with an intended lifespan of 50 years, and with a built-in
projection for serving two to three times the number of users
served when first opened . However, these constraints have
been exceeded in thousands of locations . The water systems
plants are in disrepair, and breakdowns are common. Some
highlights follow.
• San Diego . The city's sewage treatment system was
built in 1 963 , to serve a population of 250 ,000. It now oper
ates near or above capacity every day, serving 1 . 7 million
residents of San Diego. In February 1 992, a sewage pipe
ruptured, and vast streams of effluent flowed along the beach
and into the Pacific Ocean. The broken pipe was 9 feet in
diameter , made up of sections 1 6 feet long, weighing 26-30
tons each.

The most glaring instance of water crisis in the United
States is in the Lower Rio Grande River Basin-the border
region between the United States and Mexico. The shortage
of safe water is so severe that as of spring 1 992, cholera has
been in the basin . Hundreds of th�usands of people are living
in conditions where there is no sewage treatment, and no safe
water. In EI Paso County, for example , there is five times the
national average rate of hepatitis A-a fecal contamination
disease related to filthy water. Last year, the dysentery rate
was 3 1 per l OO ,OOO--triple the national average.
This situation has come about directly as a result of evad
ing the costs of infrastructure development, which was done
in the name of keeping labor costs down for the purposes of
"free trade . "
I n the 1 970s , hydrologists forewarned o f the dangers of

Total

Source: "Assessment of Needed Publicly Owned Wastewater Treatment
Facilities in the United States," Washington, D . C . : Environmental Protection
Agency, 1985.
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TABLE 22

Wastewater treatment needs in the Rio Grande
Hydrological Region by the year 2000
Expenditures needed
Area

Popu lation

for wastewater treatment

served

(millions 1 984 $)

(thousands)

$ 22

1 02

Upper Rio G rande

1 73

985

Upper Pecos River

21

1 58

Rio Grande headwater

Lower Pecos River

20

72

Middle Rio Grande

83

630

Lower Rio Grande

88

472

San Luis Creek
Miscellaneous
Total

3
2

48

$409

2,470

Source: Environmental Protection Agency. 1 985.

moving people into this basin without provision for water.
Most of this region has a semi-arid climate, with low humidi
ty and erratic rainfall . Average annual precipitation varies
from 30 inches in the high mountains (in the headwater area
in New Mexico), to only 8 inches in the middle valley area
(falling mostly during rainstorms), to the humid area at the
mouth of the Rio Grande. Water from stream flow and
groundwater is used and reused, but there is no adequate
treatment cycle.
Based on its 1 975 surveys, the U . S . Geological Survey
reports concluded: "Water quality is a serious problem in the
lower Rio Grande Valley and precludes or inhibits expanded
use of the valley under present conditions . . . . Flooding also
affected all portions of the region, but is most severe in
Texas. The El Paso area is particularly affected. In the lower
valley , flooding problems are aggravated by inadequate
drainage . . . . Texas also has a problem in providing satisfac
tory domestic water supplies under the 1 974 Safe Drinking
Water Act. Many communities will have to have improved
systems, which they are unable to finance. In addition, 20%
of the lower valley population is not served by a public water
supply system. This situation is likely to be aggravated by
the increasing population in that area. "
The report concluded, "The primary problems i n the re
gion are associated with providing a water supply to accom
modate an increase in population from 1 ,695,000 people in
1 975 to 1 ,875,000 by 2000. [Numbers refer to the U . S . side
only, and mostly to New Mexico-ed . ] No additional water
supply is currently available for the majority of this popula
tion increase . "
Table 2 2 lists the costs for simply providing wastewater
treatment facilities in the seven sub-basins of the river sys
tem, according to estimates by the EPA. This adds up to a
total of $409 million.
EIR
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In addition, nuclear desalinatiljln plants on the coast of
the Gulf of Mexico could provid the added volumes of
domestic use water lacking in the b�sin. Electron beam facili
ties on the river could clean wastf1water for recycling back
into the flow . The costs of these facilities are in the range of
$3 billion combined .
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