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UNITED STATES
DEPARTMENT OF THE INTERIOR

OFFICE OF THE SECRETARY
WASHINGTON, D.C. 20240

The President

The White House

Dear Mr. President:

It is with great pleasure that we present to you the enclosed report,

"Nuclear Power and Water Desalting Plants for Southwest United States

and Northwest Mexico." This report summarizes the results of a study

which has been conducted in accordance with the provisions of a multi-

lateral agreement entered into on October 7, 1965, by the Governments

of the United States and Mexico and the International Atomic Energy

Agency. A more comprehensive technical report of the study is being
prepared for publication now.

The most significant conclusion of the international study team is

that large, dual-purpose nuclear desalting plants are a technically

feasible approach to providing electric power and fresh water to the

arid region shared by the U. S. and Mexico. Additionally, the

economics forecast for such plants is sufficiently attractive to merit

their further consideration as a means of satisfying the long-term

water and power requirements of this region of the lower Colorado River
Basin.

Based upon the information generated and their conclusions, the Study

Team has recommended a carry-on effort. Especially significant among

these recommendations are the need for more detailed studies and the

planning for an experimental farm which would assist in the develop-

ment of optimum agricultural and hydrological practices utilizing the

high purity water obtained through desalting. These items, together

with the other recommended efforts, represent a sound program to

accelerate the time when large-scale desalting using nuclear energy

can become a reality as a solution to the Southwest region water supply.

The information which would be developed under such a program would

also be beneficial to other areas of the world where the lack of fresh

water and power have been major detriments to economical, industrial,
and social progress.
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Mr. President

We endorse the results of this international study and recommend that
the study group, supplemented with additional experts and other
resources as necessary, be requested to proceed with the implementation
of the recommended carry-on activities.

Respectfully yours,

Chairman, U.S. Atomic
Energy Commission

Enclosure:

Report, "Nuclear Power and Water
Desalting Plants for Southwest

United States and Northwest

Mexico"

secretary of he Interior
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Secretary,
U.S. Department of the Interior

Chairman,
U.S. Atomic Energy Commission

Sr. Secretario
de Relaciones Exteriores

Sr. Presidente
de la Comision Nacional de Energia Nuclear

Director General
International Atomic Energy Agency

It is our pleasure to forward herewith our report "Nuclear Power and
Water Desalting Plants for Southwest United States and Northwest Mexico",
presenting the results of the study which has been conducted during the
past three years in accordance with the agreement of October 7, 1965,
between the International Atomic Energy Agency, the Government of Mexico,
and the Government of the United States. We are also including an executive
summary report which sets forth the results of the study in a condensed
manner.

The study team has concluded that large dual purpose plants using nuclear
energy are technically feasible means of providing power and fresh water
to the area studied. Additionally, the economic forecasts for these plants
appear to be sufficiently attractive to merit further consideration. We
believe that these findings along with others reached during the course of
the study make it desirable to carry out the recommended follow-on program.

We believe further that the results of this study will be of interest not
only to the IAEA and the Governments involved, but to other nations which
are facing regional development limitation resulting from water and power
deficiencies. With the submittal of this report, the study group plans no
other actions pending your further instructions regarding this program.

Car e ernandez
Head o x' an Section

R s ctfully submitted

Pier e ligand
Chai an

Jack A. Hunter
Head of United States Section
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Chapter I

INTRODUCTION AND APPROACH

In recognition of the present and projected needs for water in the regions of
Mexico and the United States bordering the southern portion of the Colorado
River, a multilateral agreement was signed on October 7, 1965, whereby the
Government of the United States of America, the Government of Mexico, and the
International Atomic Energy Agency (IAEA) agreed to make a preliminary assess-
ment of the technical and economic practicability of a dual-purpose nuclear power
plant designed to produce fresh water and electricity for this general area. The
study was to be directed toward the water and power needs and methods of meet-
ing these needs through 1995.

The agreement was signed for the United States by Stewart Udall, Secretary,
Department of the Interior; Commissioner Glenn T. Seaborg, Chairman, Atomic
Energy Commission; and Jack H. Vaughn, Assistant Secretary of State for Latin

American Affairs; for Mexico by Hugo B. Margain, Ambassador to the United
States; and Atomic Energy Commissioner Nabor Carrillo; and for the Interna-
tional Atomic Energy Agency by Director General Sigvard Eklund. A copy of the
agreement is shown as appendix I-A. Following formal signing of the agree-
ment, the governments of the United States and Mexico appointed study teams

with experts in water resources, water desalting, nuclear power, and electricity
generation.

The IAEA appointed Dr. Pierre Balligand, Assistant Director of the Nuclear

Studies Center in Grenoble, France to be chairman of the group and Ing. Jorge

Spitalnik, Division of Nuclear Power and Reactors, IAEA, to be the scientific

secretary.

The study team appointed by the two governments and their areas of exper-

tise are as follows:

U. S. Section

Dr. Jack A. Hunter, Director, Office of Saline Water, U. S. Department of

the Interior, member for water desalting, head of the United States Section.
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Dr. David F. Cope, United States Atomic Energy Commission, member for

nuclear power.
Mr. Emil Lindseth, Bureau of Reclamation, Department of Interior, mem-
ber for water resources.
Mr. Milton Chase, Office of the Assistant Secretary for Water & Power

Development, U. S. Department of the Interior, member for electricity

generation.

Mexico Section

Dr. Carlos Graef Fernandez, Director General Nuclear Center of Mexico,

member for nuclear power, head of the Mexico section.

Dr. Alberto Barajas, Mexico Nuclear Energy Commission, member for

water desalting.
Ing. Jose Ramos Magafia, Hydrology Commission of the Valley of Mexico,

member for water resources.

Ing. Juan Eibenschutz, Mexico Federal Electricity Commission, member
for electricity generation.

Alternate team members for both sections are shown in appendix I-B. In

addition to the foregoing, experts and observers were called upon from both

countries to assist at working meetings of the study group. Names of those indi-

viduals are also shown in appendix I-B.

The study team held five formal meetings between December 1965 and

September 1968, and in addition held many small group and expert counterpart
meetings. Ground rules were developed and a philosophy with respect to pro-

gram phasing was established. These are briefly summarized as follows:

1. The requirement for the additional water and power for the region under

consideration would be derived separately for: (a) municipal and industrial
growth based primarily on a projected increase in population, (b) requirements

to sustain present levels of agricultural production and to alleviate existing

agricultural water deficiencies, and (c) projections of water required by new
land to be brought under cultivation to meet demands for increased food
production.

2. The Gulf of California would be used as the source of sea water for the

desalting plant; the plants probably will be located near the northern end of the

Gulf. Plant sites, however, need not be adjacent to the coast. Site acceptability,
in addition to economic aspects, would be based on meteorological, seismologi-

cal, ecological, hydrological, and oceanographical factors, as well as population

density and means for distributing the water and electricity.
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3. The economic acceptability of supplying water by means of desalting
should be based on the complete program extending through 1995. Plants built
later in the program, because of technological improvements, should yield lower
water costs than plants built earlier in the program. Thus, the acceptability of

desalting as an economic method of meeting future water demands would increase
with time. However, to develop the technological base from which water costs
can be established and at the same time begin to meet area water needs, it would
be necessary to initiate first-plant construction at an early date.

4. It was agreed that, for the first phase of the study, a plant based on the
current status of nuclear and desalting technology could be considered. It would
have an output of 1 billion gallons per day (bgd) (43. 8 cubic meters per second)
of water and approximately 2, 000 megawatts of electricity (MWE), using light-
water reactors coupled with multistage flash distillation evaporators. Such a
plant would be feasible for operation in about 10 years after the decision to pro-
ceed is made.

5. For the later phase of the study, plants were based on improved tech-
nology which could be assumed to be available at the time of the commitment to

design. For example, plants designed between 1980 and 1990 would employ fast

breeder reactors and improved evaporators which would reasonably be expected
to be developed by that time. Because of possible inability of disposing of all the
baseload power that may be available from future dual-purpose plants, it was
also decided that water-only or high water-to-power-ratio plants to meet long-
term demands would be considered.

6. Since the fixed charge rates and associated interest rates on borrowed
capital may vary both with time and the method of financing, it was decided to do
parametric calculations on the water and power costs using the various fixed

charge rates of 4, 6, 8, and 10 percent. Equivalent fixed charge rates are used
for the civil works which have been adjusted to compensate for the different
amortized lifetimes of the civil works structures.

7. Since it is not possible to reasonably project escalation for long periods,

all costs in this preliminary study were based upon 1966-1967 price indexes, and
no escalation is included.

8. Since the water demands of both the United States and Mexico were indi-

cated to be higher than their quotas allocated for this study, it was assumed that
the water output from the first plant would be divided on a 50-50 basis between
the two countries.

9. For this study, the allocation of power to the two countries was based on

delivery of an increasing share of power to Mexico until such time as this demand
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reaches the 50-percent level of net power output from the plant. When this level
is reached, future power distribution to the two countries would be based on a
50-50 allocation. It should be noted, however, that the demand for power in

Mexico might be limited by transmission costs, since some of the potential users
of large blocks of power are located at long distances from the proposed plant
sites.

10. The allocation of costs between the products, water and electricity, was

based on charging to the water plant the cost of turbine exhaust steam calculated
as the fraction of the prime steam cost which represents the additional work that
could have been extracted by the turbine if the expansion had been carried all the
way to the usual condensing temperature (900 F) for power-only plants. Appro-
priate charges were made against electricity for the steam condensing function
provided by the water plant. The power consumed by the water plant and for

pumping was priced at the cost of generation.

11. No consideration was given to the civil works required for the distribu-
tion of the product water beyond delivery of this water to a single point in the
United States, for its portion of the total, and to one or the other of alternative
points in Mexico, for their portion of its total.

12. Certain associated costs were not included, such as right-of-way for
water conveyance and power transmission, living facilities for construction

workers, premium pay, and unusual construction costs associated with other
than ideal site conditions, including special nuclear safety considerations for
earthquake-proof construction.

The area where California and Arizona in the United States and Baja Cali-
fornia and Sonora in Mexico meet (fig. I-1) is a region where there is a continu-
ing and growing need for water to support increased requirements of municipal
and industrial (M&I) users and meet growing agricultural demands. The
Colorado River is the major stream that passes through this area, but because
of the extensive use of this river by both the United States and Mexico, even
present requirements cannot be met from this source. In addition, wells which
are used to supplement the water supply in the region are seriously lowering the
water table. There is little possibility of bringing new agricultural land under
cultivation because of the shortage of water in the region. Therefore, it is de-
sirable that early consideration be given to a means of providing sufficient
quantities of water to meet the future needs of water users in the four-state
region.

As shown in chapter II, estimated "new" water requirements for the region

will total approximately 4. 5 bgd (197 m3 /sec) by 1995. This total requirement
is made up of 100 million gallons per day (mgd) (4.4 m 3 /sec) for M&I growth in
Mexico, 1. 2 bgd (52. 5 m 3 /sec) to satisfy the ground-water overdraft and new
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agricultural development in Mexico, 1.4 bgd (61. 3 m 3/sec) for new agricultural

development in the United States, and 1. 8 bgd (78. 9 m3 /sec) to satisfy ground-
water overdraft for authorized agricultural uses and M&I growth in the United

States area. It should be noted also that the total rate of increase for both coun-

tries is extremely large, yielding a requirement of almost 7 bgd (307 m3 /sec) in
the year 2000.

With the development of desalting technology to the point where large plants

capable of delivering hundreds of millions of gallons of fresh water per day are
considered a reality, it was apparent that this technology offers an approach to
meeting future water demands of the region. By the employment of nuclear reac-
tors producing low-cost thermal energy in conjunction with the desalting plant,
these water demands can be met at a cost which, though it may not be as low as
the prices being paid for natural water, may be competitive in terms of the value
received. Also, the use of dual-purpose nuclear desalting plants permits the
generation of electric power sufficient to meet a portion of the growing demands
for this commodity at a competitive cost.

This study includes an analysis of the water and power areas served; a study
of water and power requirements; an analysis of areas which are considered most
suitable for plant location; a technical analysis of nuclear and desalting plant con-
cepts to meet water and power demands; an analysis of water conveyance systems;
an analysis of power marketing problems; and economic studies concerning total
plant capital investment, operating costs, total annual costs, and unit costs of
product water and power.

This study consists of two phases. The first is a near-term phase consider-
ing those technologies which, through application, would be able to yield a dual-
purpose desalting plant by approximately 1980. The second phase considers
plants going onstream in the 1990 time period, when advances in technology are
such that improved reactors and desalting systems would be available. As men-
tioned previously, the initial phase plant system was designed to produce 1 bgd

(43. 8 m 3 /sec) of water together with a power output of approximately 2, 000 MWE.
For the latter phase, variable power-to-water ratios were considered, since it
may not be practicable to market all the power which would be produced from the
usual dual-purpose plants. Also, for the second phase of the study, plant com-
plexes were considered wherein one site may have more than 1 bgd (43. 8 m 3 /sec)
of water output. Of special interest is the situation of a complex large enough to
justify its own onsite nuclear fuel reprocessing and fabrication facility.

The general area studied by the team is presented in figure I-1. Since the

Gulf of California is the nearest source of water for a desalting plant, the inves-
tigation was directed toward plants located at sites which could employ these
waters, either directly or through intake canals from the Gulf. The following
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sites were considered in the study: El Golfo de Santa Clara, San Luis Rio
Colorado, a location near Riito, the locale southeast of Sierra del Mayor, Mexi-
cali, Puerto Penasco, and San Felipe.

Since the Puerto Penasco and San Felipe sites are located at long distances
from potential users of water, the high cost of delivery far overshadowed any

possible advantages of locating at these sites. Consequently, after preliminary
screening, they were dropped from further study. The site near Mexicali also
was dropped because of the need for extremely long sea-water intake and brine
conveyance systems and unfavorable geological factors.

The desirability of locating a plant south of Sierra del Mayor was compli-

cated by the requirement for either a long intake canal dredged through the exist-
ing salt flats or the construction of an intake canal to take sea water from near
San Felipe. Either approach was too expensive to be considered in detail.

In view of the foregoing, major study efforts were directed toward sites in
the vicinity of Santa Clara and San Luis Rio Colorado. Since water and power
costs associated with plants located at these two sites would most likely bracket

those for a site south of Riito, detailed power and water cost data were not
generated for this case. However, capital and operating costs were developed
for the Riito site and are presented in this report.

It should be noted that two site studies were conducted for the El Golfo de
Santa Clara locale. One employed sea-water intakes in the area where there

was minimum turbidity due to tidal action. The dividing line between high and
low turbidity is at about 310 35' latitude or about 5 miles southeast of El Golfo
de Santa Clara. The second site, about 20 miles northwest of the first, em-
ployed intakes located in turbid water. The problem that might result from the
high solids contents of the turbid water is of unknown magnitude, but this loca-

tion results in a shorter overall water handling system with consequent lower
costs.

The San Luis Rio Colorado site made use of these same two sea-water in-
take lines, the northern-most, high water-turbidity one following a beachside
route and the other low-turbidity intake a highline route. These two join at a
point about 35 miles (56.4 km) south of San Luis Rio Colorado, employing a
common intake line from there to the water plant. The brine outfall enters the
gulf about 10 miles south of Riito.

The product water costs for the San Luis Rio Colorado beachside route and
the two El Golfo de Santa Clara routes are essentially the same within the un-
certainties of the cost estimates.
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The general approach to determining the water requirements for the area
under consideration was to project both a minimum growth assuming no forced
development, and growth based on accelerated agricultural development. The

first of these conditions was based on M&I growth; the agricultural demand re-
mained at the 1967 level, except for those undeveloped agricultural areas with
a presently available water supply with the demand being based on maintaining
productivity and water quality. The only exception to this condition concerns a
possible reduction in agricultural water demand because of improvements in
water conservation techniques. The second approach considered new land de-
velopment predicated on the requirement to meet increasing needs for agricul-
tural products. The amount of land to be so developed is difficult to predict be-
cause more effective fertilizers, improved varieties of seed, and more efficient
irrigation methods may lead to increased productivity of present land to the

extent that major new land development is not required.

Although new water can be supplied to the regions, it is necessary to estab-

lish the quantity and quality of water which can be marketed. This region is
bounded by the practical limits of water transportation economics and use and is
in an area in which water resources have been degraded in quality and depleted
in quantity through extensive overuse of surface water and continuing depletion
of the underground water supplies for irrigation. Associated with this intensive
use is the problem of increasing salinity, increasing the water needed for soil
leaching, and possibly forcing a change to lower value crops. Thus, it is gen-

erally apparent that the presently available sources of water cannot continue to
meet the needs of the region under existing practices. The land contiguous to
the present irrigation districts is well suited to agricultural use if the necessary
water is made available. This land is quite productive, has the capability of
growing high-value crops, and could become a major new food source if developed

and placed under cultivation.

In addition, as previously noted, the region of interest borders the Colorado

River both in the United States and Mexico. The towns and cities, such as Yuma,
Mexicali, and San Luis Rio Colorado, are growing rapidly and demand increasing
quantities of water for municipal and industrial purposes. Industry in the area is
growing, and although it is not at present heavy industry with its attendant large
demands for water, it is expected that in the aggregate there will be uses for
water in large quantities. Also, the growth of the overall four-state area will
add to the demand for more and higher quality M&I water.

The cumulative effect of these various factors is to impose increasing demand
on a limited water supply, tending to further aggravate the water shortage now
existing in the region.

The other important factor in determining the amount of marketable water is
price. An attempt was made to develop this information by assuming that the
price of water to the user would be the cost of its production and delivery, ulti-
mately in the range of 10 to 20 cents per thousand gallons. The difficulty with
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this approach is that the price which the user pays for natural water often bears
little relation to the cost of the delivered water because of various subsidies.
This situation applies to both the United States and Mexico. It is also true that

water demand is not normally based on a single price, but on a price which the

user can afford to pay according to the intended use. For example, high-value
crops may support a higher price for water than one is accustomed to paying for
water used in growing low-value crops. Also, many M&I uses require water of
high quality for which the user is willing to pay a higher price. Thus, quantita-

tive demands for water should be predicted on a range of prices rather than a
single fixed price. An important future phase of the program would be to develop

more and better information in this regard.

In connection with the pricing of desalted water it was recognized that its

higher purity makes it more valuable for either M&I or agricultural applications
than the natural water presently available to the region, which is of relatively
low quality. In this sense, the range of costs estimated for desalted water, in-
cluding charges for conveyance, may be quite compatible with the actual costs of
new incremental supplies of natural water. Although these prices appear to ex-

ceed the amounts now being paid for natural water of lower quality, they do not
necessarily exceed the prices which may have to be paid for new water brought
into the region. Also, it may be that improved crop yields, growing of high-

value crops, or decreased water requirements per unit crop yield (such as by
blending) may result from use of desalted water.

The "value" of distilled water in this regard has not been determined, and

there is an urgent requirement for additional agricultural experimentation to
produce quantitative data on what improvements one can hope to achieve. Such

experimentation should cover, in part, the effects of salinity on unit crop yield
(both in quality and quantity) for a wide variety of crops, possible decreased
water requirements for irrigation, and the variations in time required for crop
maturity under the specific soil and climatic conditions of the area. From these
data, a better comparison can be made of the "value" of distilled water as com-

pared with natural supplies. This is the only realistic way of determining the
demand for distilled water as a function of cost. In the absence of good data on
the value of distilled water, the chapter VI analysis on the possible benefit in re-

lation to cost of using distilled water for M&I and agricultural uses was based

on such information as is available.

Although power demands in the immediate region under consideration are
not large, it should be understood that there is a large power-use area within

economic transmission distance. Electric power can be supplied to a grid from
a nuclear-powered, dual-purpose plant, but it is necessary that the power be

produced at costs such that is is marketable in competition with alternate
sources.

In the area of power demand, load growth to 1995 was considered, both for
the regions studied and for the other United States and Mexican areas which might
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be involved. It was assumed that a minimum production of power would be 2, 000
MWE, corresponding to an economically optimum 1-bgd (43. 8 m3 /sec), dual-

purpose plant, and a maximum of 10, 000 MWE, corresponding to five such plants.
The costs of transmission systems to deliver blocks of power to the southern
areas of Mexico was also studied in relation to Mexico's present power require-
ments, as well as a means for meeting its future growth needs.

The results of the electric power requirements analysis indicate that the full
1, 700 MWE, or less, of marketable power from the first dual-purpose plant, will
find a ready market at production costs resulting from fixed charge rates of dual-
purpose plants up to about 6 percent. At higher fixed charge rates, the market-
ability of this output would be reduced and marginal conditions would result at
fixed charge rates of 10 percent or higher.

The general approach in establishing the technical development sequence,
overall plant size, types and sizes of reactors and evaporators, pacing of com-
ponent developments, and scheduling was as follows. The near-term program
for the 1980 time period was based on using multiple light-water reactors with a
system power level of 10, 000 to 12, 000 thermal MW and providing the energy to
produce 1 bgd (43. 8 m 3/sec) of distilled water and approximately 2, 000 MWE.
The reactor technology needed is now available, and the multistage flash technol-
ogy assumed for the evaporator was based on the technological developments

being in hand by 1971.

For the long-term program which extends to 1995, increasing levels of
technological advancement were assumed. Reactors considered covered the
range from advanced light-water reactors to breeders. Desalting plants were
based on combined vertical tube multistage evaporators with advanced compon-
ents and component improvements. Plant complexes with delivery rates up to
5 bgd (218 m3 /sec) were investigated, and high water-to-power ratio and water-
only plants were considered. For the long-term program, the initial onstream
date for the plants were based on the time estimated as being required to reach
the technological state-of-the-art as called for in the plant concepts plus the time
required to construct and start up the plant.

In summary, presently foreseen water and electric power demands for the
region appear to justify a plant coming into operation on or before 1980 if civil
works are made available to distribute water to the users. A first such plant is
technically feasible, and successive improvements in technology should be avail-
able as additional plants are required. Each of these improved versions should
produce water and power at a lower cost than its predecessor because of advances
in the technology, increased construction experience, placing more than one plant
to a site, economizing on larger systems, and general improvements and higher
efficiencies resulting from increased operating knowledge and experience. Thus,
water and power costs from large, nuclear, dual-purpose plants should decrease
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with time in terms of fixed dollar values. Furthermore, as larger and more
economic systems are built in the long-range time period, they should have a

leveraged effect on average unit costs resulting in an average unit product cost

much lower than those attained from earlier plants.
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Chapter II

WATER REQUIREMENTS

GENERAL

To establish the water requirements of the region under study as a func-
tion of time, it was necessary to make certain assumptions in relation to pro-
jected water use. The quantity of water necessary to meet M&I demands was
based on the continuation of normal growth in population with accelerated
growth considered in specific areas resulting from anticipated development.
Although industrial growth would probably increase as a result of low-cost
water and power from the dual-purpose desalting plant, no such increase was
considered in this study.

The future water requirements for agricultural use are much more diffi-
cult to define. Improved seeds, fertilizers, and irrigation methods may result
in productivity increases of present land, thus calling for a minimum amount of
new land to be brought into production. Even if no technological developments
were considered in the field of agriculture, the amount of land which could be
brought into production through irrigation far exceeds that necessary to sup-
port projected population growth. Consequently, water requirements cannot be
predicated on full development of available arable land. With the foregoing in

mind, future agricultural water requirements in the United States were based
on two considerations. The first of these was to consider bringing into produc-
tion land with a legal water supply not yet used and land capable of development

from untapped local surface- and ground-water supplies. The second was to
assume that additional arable land would be brought into production on the basis
of increased demand for agricultural products.

It should also be noted that the water required to eliminate the ground-

water level decline is also considered as part of the U.S. demand. This over-

draft is for both M&I and agricultural use.

The water requirements for Mexico were based on M&I and agricultural

use with an additional requirement for water to prevent further lowering of the
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water table because of the ground-water overdraft. Because of uncertainties in
the amound of land which would be developed for agricultural purposes, future
agricultural water requirements were based on an assumed growth from pres-
ent levels. Major land areas are arable in the region of Mexico under study.
As in the case of the United States, assumed full development of this land may

be optimistic in relation to the needs for farm products.

Data are also presented herein on the price of water at present in both the
United States and in Mexico. It should be kept in mind, however, that water
price may not bear a direct relation to cost. This may occur because of the
partial subsidy of civil works (dams, pumping stations, and distribution sys-
tems) by the Federal Government. The feasibility of supplying subsidies to
lower the price of water from desalting plants can only be determined from

detailed analysis of all contributing economic factors.

UNITED STATES

Water Supply

Southern California (area generally south of 350 latitude)

Local Water Supplies-Local surface- and ground-water supplies in

southern California are almost fully utilized and, in fact, are overdrawn in
some areas. The present net water supply from these sources amounts to
approximately 1, 400, 000 acre feet (1, 727x106 m 3) annually. Approximately
1, 200,000 acre feet (1,480 x106 m3) are available to the coastal areas, the
remaining quantity being developed within the interior desert region. The

coastal water supplies average about 500 parts per million (ppm), with varia-
tions between 100 ppm to over 2, 000 ppm, depending on the location of the
source. The quality of the desert supplies varies over a wide range and is nor-
mally between 100 and 5, 000 ppm.

Los Angeles Aqueduct-The Los Angeles aqueduct delivers water to the
Los Angeles area from Owens Valley and Mono Basin, some 330 miles (531 km)
to the north. The aqueduct currently delivers approximately 300,000 acre feet
(370x10 6 m 3) per year but is now being enlarged to deliver about 500,000 acre
feet (617x106 i 3). The salinity of the water delivered from the Los Angeles
aqueduct presently ranges between 150 and 250 ppm. It is anticipated that the
future water quality from this source will remain about the same.

Colorado River Aqueduct-The Colorado River aqueduct extends 242 miles
(389 km) from its intake at Lake Havasu to its terminal reservoir, Lake
Mathews, near Riverside. It serves the Los Angeles and San Diego metropoli-
tan areas. The Colorado River aqueduct is now operating at near capacity and
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delivers about 1,180,000 acre feet (1, 456x 106 m3) annually. The quality of
this water currently ranges between 600 and 850 ppm.

All-American Canal System-The All-American Canal System imports

water to the Imperial and Coachella Valleys from the Colorado River. The
present annual diversion from the Colorado River is approximately 3,460, 000
acre feet (4, 268x 106 m 3) and it is expected that the future water supply from the
All-American Canal System will probably remain at the present level. This

water currently ranges in quality from 725 to 950 ppm.

Other Colorado River Uses-The Colorado River provides a surface-water sup-
ply to areas adjacent to the river. This supply amounts to approximately 360, 000
acre feet (444X106 m3) annually, with a range of quality between 700 and 950 ppm.

California State Water Plan-The California State Water Plan is currently
under construction and is expected to deliver water into southern California by
1971. The supply from this source is expected to increase with time up to the ca-
pacity of the projects works being constructed, i. e. , 2, 500, 000 acre feet per year
(3, 080X10 6 m3).

Sea-Water Desalting-The Bolsa Island dual-purpose nuclear desalting plant is
proposed to deliver 50 mgd of water to the Los Angeles area in 1974 and 150 mgd
(about 170, 000 acre feet per year) in 1978. The water would be pumped from the
plant located on a manmade island near Huntington Beach to the Diemer filtration
plant. There it would be blended with Colorado River water for M&I use in the Los
Angeles water system. The construction of this plant has been deferred for the
present.

Reuse of Return Flows-With increasing demand for water within urban areas,
plans are in progress to use the return flows from water used for M&I purposes. It
is expected that water supplies from this source will increase as M&I uses increase.

Arizona

Local Water Supplies-The surface- and ground-water supplies of the Gila

River basin above Painted Rock Dam are not sufficient to meet current require-
ments. These requirements are presently satisfied by a general overdraft from
the ground-water reservoir of about 1, 560,000 acre feet (1, 924x10 6 m3)
annually. The safe annual yield from local surface and ground water amounts
to an estimated 1,700,000 acre feet (2,097x10 6 m 3).

The present quality of the surface-water supplies available to central

Arizona varies according to the individual river source. The quality generally
ranges from a little less than 200 ppm to more than 2,500 ppm.
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In a like manner, ground-water quality varies according to the location of
the source. Ground-water quality commonly ranges between 700 and 1, 500
ppm, although some supplies contain in excess of 5,000 ppm.

It is anticipated that the safe yield from local supplies will remain rela-
tively constant in the future. Quality will become worse if overdraft of the
ground-water reservoir is permitted to continue.

Colorado River-The Colorado River provides a surface-water supply for
land adjacent to the river, primarily in the Parker and Yuma areas. This sup-
ply presently amounts to approximately 740,000 acre feet (913x 106 m3 ) annually.
In the future, the water use from this source will probably increase as addi-
tional land is developed, particularly on Indian reservations that have legal
rights to use additional Colorado River water. The water quality varies as to
point of diversion but generally ranges between 600 and 950 ppm.

Central Arizona Project-Current planning calls for the development of a
water supply from the Colorado River to serve central Arizona by 1979. Ini-
tial deliveries based on a 3, 000 cfs aqueduct are expected to average about
1,485,000 acre feet (1, 832x106 m3 ) annually; however, future deliveries would
probably decrease with time as upstream uses are developed. Considering

ormal hydrologic conditions, it is estimated that the presently planned aque-
duct will have no excess capacity until after 1985.

Reuse of Return Flows-At present, some return flows from M&I uses are
being used for the irrigation of crops in central Arizona. The total volume of
these supplies can be expected to increase with time as M&I uses become
greater.

Table 11-1 summarizes the present and projected water supply for the
primary study region.

Current Water Uses

Municipal and Industrial

The Pacific Southwest, encompassing southern California and Arizona, is
one of the fastest growing regions of the United States. As a result of this
accelerated growth rate and the region's general arid characteristics, a con-
tinuous search for additional water supplies to serve its expanding population
has been in progress for many years., This search for additional water can be
seen in the aqueduct systems in operation today and the desalting plants that
are on the drawing boards for tomorrow.
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Table II-1. -Water Supply
(Unit: 1,000 acre feet)

Year

1960 1970 1975 1980 1990 2000

Southern California

Safe local......... 1,400 1,400 1,400 1,400 1,400 1,400

Los Angeles aque-
duct............. 300 500 500 500 500 500

Colorado River..... a5,000 a5,000 b 5 , 0 0 0  b,c4 ,820  4,400 4,400

State Water Plan... 0 0 810 c 1 , 3 6 0  2,460 2,500

Desaltingd
(Bolsa Island)... 0 0 50 150 150 150

Reuse for M&I of
new %I.......... 0 79 125 172 250 334

Total, 1,000
acre feet....... 6,700 6,979 7,885 8,402 9,160 9,284

Total, million
M3.............. 8,264 8,609 9,726 10,365 11,300 11,453

Arizona

Safe local......... 1,700 1,700 1,700 1,700 1,700 1,700

Colorado River..... 740 c926 1,020 cl,067 1,160 1,230

Central Arizona
Project (2,500 c
cfs aqueduct).... 0 0 0 1,485 1,098 801

Reuse..................150 290 360 440 600 810

Total, 1,000
acre feet....... 2,590 2,916 3,080 4,692 4,558 4,541

Total, million
m3............. 3,195 3,597 3,799 5,788 5,622 5,601

aAssumed same as 1975.

bIncludes some water that Arizona could not use and that otherwise would
have been wasted.

cInterpolated.

dLoad factor assumed to be 90 percent.
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In 1960, southern California used approximately 1, 725, 000 acre feet
(2,128x10 6 m 3) of water for M&I purposes. As itemized in table II-1, this use

was met from several sources. Among these were the Los Angeles aqueduct

of the Los Angeles Department of Water and Power, the Colorado River aque-

duct of the Metropolitan Water District, and local surface and ground water.
The south coastal area of southern California and its large population centers

are the main users of M&I water.

The quality of these water sources varies considerably. The ground-water

quality varies from 200 to 1,450 ppm total dissolved solids. Surface waters

within the area vary in quality from 100 to 3, 500 ppm. The quality of present
import supplies varies from 150 to 250 ppm for Los Angeles aqueduct water

and 600 to 850 ppm for Colorado River aqueduct water.

These data are representative of the general area. There are local condi-

tions which deviate considerably from the range shown.

Arizona, since the early 1950's, has had a growth rate even more phenom-

enal than that of southern California. In 1960, almost 400, 000 acre feet

(493x 106 m 3) of water were used for M&I purposes in Arizona. Of this total,
approximately 300,000 acre feet (370x106 m 3) were used in the central part of
the state, particularly the Tucson and Phoenix metropolitan areas.

M& I water for the state's growing population is currently being met from

both surface- and ground-water sources. However, in several areas M&I
needs are being met by overdrafting the ground-water basins. This is particu-

larly true of the Tucson area where all M&I requirements are met by ground-

water pumping.

The quality of these waters is generally below 1,000 ppm; however, there

are some municipal areas which have severe quality problems. Buckeye,
Arizona, is an example where well water has a total dissolved solids content of

approximately 2,100 ppm. This situation has been improved by the installation
of an electrodialysis desalting plant. The product water quality from this
plant is less than 500 ppm. The quality of M&I water in the Tucson area, which

is supplied from ground water, varies from 300 to 700 ppm. In the Phoenix
area, the quality varies from 300 to 600 ppm at the water treatment plants
which use a composite of surface and ground water. The quality of well water
in this area varies from 500 to 2,000 ppm.

Any future water project that would make additional water available in the

lower Colorado River area could, by the principle of exchange, make water
available to the other basin states in addition to Arizona and California. For
this reason, the M&I water requirements of the Colorado River Basin states,
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in addition to Arizona and California, are included in this report. Currently,
the M&I demands of these states are being met by local water supplies. Their
estimated current M&I uses are shown in table 11-2.

Table 11-2. -Other Colorado River Basin States 1960 M&I Water Uses

(Unit: 1, 000 acre feet)

Colorado.......................373
New Mexico........................158
Nevada......................... 176
Utah..........................532
Wyoming.......................... 53

Total, 1,000 acre feet...... 1,292
Total, million m3 . . . . . . . . . ..... .1,594

Agricultural

Agriculture is one of the principal industries in southern California and
Arizona. This area has an excellent climate with soils permitting the growth
of a variety of crops. The major portion of the finest agricultural land lies in
semiarid zones where rainfall is insufficient for crop production. The devel-
opment of irrigation has permitted the area to build a flourishing agricultural
industry.

Southern California presently uses approximately 5 million acre feet
(6, 168 x106 i 3) annually for agricultural purposes. Of this total, the coastal
area uses approximately 684,000 acre feet (844x106 m 3) of water obtained for
the most part from local surface- and ground-water sources. The inland
desert land currently uses about 4,316,000 acre feet (5, 324x10 6 i 3) of water
obtained mainly from the Colorado River.

The annual requirement for agricultural water in southern Arizona cur-
rently amounts to about 3,850,000 acre feet (4, 749x10 6 m 3). Land adjacent to
the Colorado River presently uses about 740, 000 acre feet (913x106 m 3)

obtained from the river. The remaining Arizona area uses approximately
3,110,000 acre feet (3, 836x10 6 m3) developed from local surface sources and

the extensive mining of the ground-water reservoirs.
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Projected Water Requirements

M&I Future Needs

The population and industrial growth that has taken place in southern Cali-

fornia and Arizona over the past decades is, in part, responsible for the cur-

rent water problems of this area. Considering mining of ground water, there

is currently a severe water shortage in Arizona and minor shortages presently
exist in local areas of southern California. Even though shortages do exist and
are predicted to continue in the future, no decrease in population or industrial
growth is anticipated. To the contrary, it is expected that the future population
growth of Arizona and southern California will continue at past or at slightly

less than past growth rates. To meet these needs, additional water supplies

must be located and developed.

California is currently engaged in the construction of an extensive water
resource project, which will transport northern California water to the south-

ern part of the state. When completed, this program will, it is estimated,
satisfy southern California's M&I water requirements until 1990. At this time,
additional water supplies must be developed to meet the projected demands.

Arizona, with its presently severe water shortage, is planning to use its

remaining entitlement of Colorado River water through construction of the
Central Arizona Project. This project, which will develop the only remaining
source of surface water available to the state, will only supply a portion of the

state's present water requirement, and ground-water overdrafting is expected
to continue unless additional water sources are added to the Colorado River sup-
ply. Additional conveyance facilities will be required if this ground-water over-
draft is discontinued.

In developing the future M&I water requirements, use was made of all

available river basin development studies prepared by the states or the Bureau
of Reclamation in connection with their previous cooperative investigations in
these states. These data presented in this report, therefore, are a composite
of information collected from several sources.

The estimated M&I water requirements reflect needs of future populations

projected on a basis of a continuation of normal rates of growth plus an accel-

erated growth in specific areas associated with anticipated development and

greater use of natural resources.

Table 11-3 summarizes the present and future M&I water requirements for

central Arizona and southern California. Population projections are included.
Table 11-4 lists the present and future M&I water requirements for the other

Colorado River Basin states.
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Table 11-3. -Population Projections and Municipal and Industrial
Water Requirements

Year

1960 1970 1975 1980 1990 2000

Southern California

Population, 1,000

persons.......... 8,991 12,243 -- 15,671 18,227 20,616

1%I water require-
ments, 1,000
acre feet........ 1,725 2,514 a2,979 3,444 4,227 5,066

N&I water require-
ments, million
m3................2,128 3,101 3,675 4,248 5,214 6,249

Central Arizona

Population, 1,000
persons.......... 1,087 -- 2,390 -- 4,026 5,392

M&I water require-
ments, 1,000
acre feet........ ... 300 a580 720 a880 1,200 1,620

M&I water require-
ments, million
m3 ............... 370 715 888 1,085 1,480 1,998

aInterpolated.

Agricultural Future Needs

Although millions of acres of highly productive land are available for devel-

opment within the study area, only land with a legal water supply not yet used
and land capable of development from untapped local surface- and ground-water
supplies are considered in this section.

The requirement for irrigation water in the coastal area of southern California
will increase slightly with time. Previous studies have indicated that by the year
2000, approximately 42, 000 acre feet (52X106 m3 ) of additional agricultural water will
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Table II-4. -Other Colorado River Basin States
M&I Water Requirements

(Unit: 1,000 acre feet)

Year
Area

1960 1970 1980 1990 2000

Colorado................... 373 797 1,051 1,354 1,605

New Mexico................. 158 254 380 567 745

Nevada..................... 176 293 417 518 571

Utah....................... 532 725 945 1,214 1,517

Wyoming...................... 53 111 158 212 250

Total, 1,000 acre
feet...................1,292 2,180 2,951 3,865 4,688

Total, million m3........1,594 2,689 3,640 ,767 5,783

be used along the coast. This requirement is expected to be met by the in-
creased development of the safe yield of local surface and ground waters in
those areas which are not fully developed and the reuse of a portion of the M&I
return flows. The total agricultural requirement in coastal southern California
is expected to amount to approximately 726,000 acre feet (896x10 6 m3 ) in the
year 2000.

To maintain the present level of agricultural production in the desert region
of southern California, it will be necessary to supply the present requirement
of 4,316,000 acre feet (5, 324x10 6 m 3). With additional water supplies being made
available through the California State Water Plan, the total requirement for
agricultural water will probably increase as undeveloped Indian and private land
is brought into production. The total agricultural water requirement in the
southern California desert area is estimated at 4, 731,000 acre feet (5,836x106 m3)
in the year 2000 .

The irrigated lands in Arizona presently served by Colorado River water
use about 740, 000 acre feet (913x10 6 m3 ) annually. It is anticipated that future
requirements will increase as new Indian and private land is brought into pro-
duction. By year 2000, the annual use for Colorado River areas is estimated
at 1, 230, 000 acre feet (1, 517x10 6 m3 ).
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Other irrigated areas in southern Arizona presently use 3,110,000 acre
feet (3, 836x10 6 m3) of agricultural water annually. Future irrigation water
requirements in these areas are expected to increase slightly as additional
water uses are developed on Indian land. This slight increase will amount
to about 90 ,000 acre feet (111x106 

i
3) annually by year 2000, resulting in a total

agricultural water requirement of approximately 3,200,000 feet (3, 947x 106 m).

Table 11-5 summarizes the present and projected agricultural water require-
ments assuming no large-scale additional water supplies are made available
to develop new agricultural land.

Table 11-5. -Agricultural Water Requirements
(Unit: 1,000 acre feet)

Year
Area

1960 1970 1975 1980 1990 2000

Southern California

Coastal area....... 684 a 684 690b 696 711 726

Desert area........ 4 ,316a 4,316 4,404b 4,492 4,632 4,731

Total 1,000
acre feet....... 5,000 5,000 5,094 5,188 5,343 5,457

Total, million
m3................6,168 6,168 6,283 6,399 6,591 6,731

Arizona

Colorado River
area................ 740 926b 1,020 1,067b 1,160 1,230

Other Arizona
areas............ 3,110 3,117b 3,120 3,133b 3,160 3,200

Total, 1,000
acre feet....... 3,850 4,043 4,140 4,200 4,320 4,430

Total, million
m3................4,749 4,987 5,107 5,181 5,329 5,464

aAssumed same as 1970.

bInterpolated.
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Summary (without large-scale development of new land)

Table 11-6 summarizes the water supplies, total water requirements, and
net water requirements for Arizona and southern California. These data were
derived from information presented in tables II-1, 11-3, and 11-5.

The total requirements shown in table 1-6 include present ground-water
overdraft as a part of all existing uses. The water supply data include all existing
sources of supply as well as those planned to be constructed in the near future.

Table I1-7 summarizes the net water requirements for southern California
and Arizona as developed in table 11-6 plus the net M&I requirements for the
other Colorado River Basin states. The net M&I water requirements for the
other Colorado River Basin states take into consideration the water supplies
currently available but presently unused by these states.

It was assumed that any additional water which would be made available to
the other Colorado River Basin states would be used for M&I purposes.

Table 11-6. -Net Water Requirements
(Unit: 1,000 acre feet)

Year

1960 1970 1980 1990 2000

Southern California

Total requirement........... 6,725 7,514 8,632 9,570 10,523

Total supply................ 6,700 6,979 8,402 9,160 9,284

Total net requirement,

1,000 acre feet......... 25 535 230 410 1,239

Total net requirement,
million m3 . . . . . . . . . . . . . .. . 31 660 284 506 1,528

Arizona

Total requirement........... 4,150 4,623 5,080 5,520 6,050

Total supply................ 2,590 2,916 4,692 4,558 4,541

Total net requirement,

1,000 acre feet......... 1,560 1,707 388 962 1,509

Total net requirement,
million m3 .............. 1,924 2,106 479 1,187 1,861
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Table 11-7. -Summary of Net Water Requirements
(Unit: 1,000 acre feet)

Area Year

1960 1970 1980 1990 2000

Arizona..................... 1,560 1,707 388 962 1,509

Southern California......... 25 535 230 410 1,239

Colorado....................... aa 463 574

Nevada...................... 0 0 a 19 67

New Mexico.....................0 a a 281 455

Utah........................ 0 0 0 135 396

Wyoming........................0 0 a 24 45

Total, 1,000 acre feet... 1,585 2,242 618 2,294 4,285

Total, million m.........1,955 2,790 765 2,829 5,285

aNet water requirement assumed to be supplied by interim use of water

allocated to other purposes in projects authorized or proposed for
authorization.

Land Classification

Land suited for irrigation in the southwestern part of the United States is

comprised largely of soil that has developed on alluvial deposits. The nature of

this form of deposition is not conducive to large, uniform blocks of the same

quality land. These alluvial deposits usually exist in the form of flood-plain
deposits, alluvial fans, or ancient terraces. There are several million acres

in Arizona and southern California generally under 2, 000 feet (610 meters) in

elevation that have excellent-to-good qualities for irrigation use. However, all

of the areas have not been classified or mapped in the field to determine accu-

rately specific areas suitable for irrigation. In the southern California desert

area, some 2 to 4 million acres (0.8 to 1.6 million hectares) have been mapped

by the Bureau of Reclamation, of which approximately 1,600,000 acres (650,000

hectares) were classified as suited for irrigation. In Arizona, nearly 2.5 mil-

lion acres (1.0 million hectares) have likewise been mapped under Bureau stand-

ards for irrigated agriculture. Some of this land is already under irrigation in

both Arizona and California and the remainder is contiguous to, or not too
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distantly located from, the irrigated areas. Tabulated by specific location in
table 11-8 are areas classified and the amount of undeveloped arable land.

The intensity of the land classification for the arable acreage shown in

table 11-8 varies from the reconnaissance to detailed level.

In addition to the tabulated areas in Arizona, there are perhaps 4 or 5 mil-

lion acres (1.6 to 2.0 million hectares) of arable land west of Phoenix in the

Gila and Colorado Rivers drainage south of the Bill Williams River that are
generally less than 1, 000 to 1, 500 feet (305 to 457 meters) in elevation. The
areas in this category include the Harquahala Valley, Palomas Plain, Ranegras
Plain, La Posa Plain, Waterman Wash and Rainbow Valley, and Tonopah desert
area. In addition to these desert areas, there are perhaps 500,000 or more
acres (200, 000 hectares) of undeveloped arable land in eastern Maricopa County
and in Pinal County adjacent to and intermingled with the presently irrigated
land. Based on data from other classification in the desert areas, it is quite

Table 11-8. -Land Classification Data
(Unit: acres)

Area Classified Arable

Southern California

Imperial East Mesa......... 224,000 35,000

West Mesa .................. 394,000 64,900

Coachella Valley........... 187,000 13,500

Pilot Knob................. 24,000 15,000

Antelope-Mohave ............ 2,997,000 1,500,000

Total, acres ............. 3,826,000 1,628,400

Total, hectares.......... 1,548,000 659,000

Arizona

Yuma Desert area........... -- 100,000

Wellton-Mohawk area.........-- 28,000
a

Aztec areaa................ -- 250,000

Hassayampa area............ -- 40,000

Total, acres......... .... 2,500,000 418,000

Total, hectares.......... 1,000,000 169,000

aData from early survey; accuracy not verified recently.
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probable that the percentage of Class 1 land in these areas would range from 25

to 40 percent of the total. Additional field surveys need to be made before more

refined data can be provided or specific areas definitely located and evaluated

for potential project development.

Water Required for New Land Development

Southern California

As presented in the preceding section, the southern desert part of California

contains over 1. 5 million acres (0. 6 million hectares) of arable land suitable for
irrigated agriculture. To fully develop this land for irrigation would probably re-

quire some 5 to 6 million acre feet (6. 2 to 7.4 million m 3) of water per year. It

is assumed that by 1990 the Imperial West Mesa could develop some 10, 000 acres
(4, 000 hectares) of land having a water requirement of about 50, 000 acre feet

(62x106 m3 ) per year. In the following decade, an additional 40, 000 to 50, 000 acres

(16, 000 to 20, 000 hectares) could be developed requiring an additional 250, 000 acre

feet (308X106 m3 ) per year. The area is well situated as far as existing markets

and transportation facilities are concerned and would be more easily served than

some of the other potential areas in southern California.

The Antelope-Mohave area contains some 1 to 1.5 million acres (0.4 to

0.6 million hectares) of arable land. At present, the largest developments exist

in the Palndale-Lancaster area where ground water is the principal source of
irrigation water. By 1990, some 15,000 to 20,000 acres (6,000 to 8,000 hec-

tares) with a demand of about 90, 000 acre feet (111x10 6 m3) annually could be

developed in this area. By the year 2000, an additional 100,000 acres (40, 000

hectares) could be developed with an annual water demand of some 450, 000 acre
feet (555x10 6 m 3).

Arizona

The southwestern part of Arizona contains some 4 to 5 million acres (1.6

to 2.0 million hectares) of arable land suitable for irrigation development. A

significant portion of this acreage is located adjacent to presently developed
irrigated areas and already contains many of the associated service facilities

required for agricultural development. In the Yuma area, adjacent to the exist-

ing Gila Project development, it is estimated that some 80,000 to 100,000 acres
(32,000 to 40,000 hectares) could be developed by 1990 with a water demand of

about 400, 000 acre feet (493x106 m 3) per year. By the year 2000, it is possible

that an additional 300, 000 to 400, 000 acres (120, 000 to 160, 000 hectares) could be

developed along the lower Gila River and the adjoining bench and valley land in

this area. Water requirements for this development would be about 2 million

acre feet (2,467X10 6 m 3 ) annually.
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Water Requirement Summary With Development
of New Lands-Water Cost Not a Limiting Factor

Table II-10 summarizes the net water requirements for the Colorado River
Basin states plus the estimated water requirements for the irrigation of potential
new land in Arizona and southern California. The projections of new land devel-

opment in Arizona and southern California as shown in tables II-9 and II-10 assume
that the cost of water will not be a limiting factor in developing this new land.
Section H discusses the possible effects of cost of water may have on the devel-
opment of new lands.

Present Water Costs, Repayment Capacity, and Projected

New Land Development With Water Cost a Limiting Factor

The type of industry established in the area and projected in the time frame
of the study has relatively low water requirements and its growth is therefore
not influenced significantly by the price of water. The increase in the M&I water
requirements shown in table 11-3 is considered applicable under any reasonable
water price which may be established.

Table II-9. -Water Required for New Land Development
(Unit: 1,000 acre feet)

Area Year

1960 1970 1980 1990 2000

Southern California

Imperial Coachella...........0 0 0 50 300

Antelope-Mohave............ 0 0 0 90 540

Total, 1,000 acre
feet.......................0 0 0 140 840

Total, million m3 . . . . . . . .  . 0 0 0 173 1,036

Arizona

Total, 1,000 acre
feet.......................0 0 0 400 2,400

Total, million m 3. . . . . . . . . . 0 0 0 493 2,960
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Table II-10. -Summary of Net Water Requirements Plus
New Land Irrigation Requirement

(Unit: 1, 000 acre feet)

Area Year
1960 1970 1980 1990 2000

Arizona.....................1,560 1,707 388 1,362 3,909

Southern California........ 25 535 230 550 2,079

Colorado......................0a 0 a 463 574

Nevada........................0 0 0 19 67

New Mexico................. .0 a0 a0 281 455

Utah..........................0 0 0 135 396

Wyoming......................... 0 0 a 24 45

Total, 1,000 acre
feet...................1,585 2,242 618 2,834 7,525

Total, million m3.........1,955 2,790 765 3,495 9,281

aNet water requirement assumed to be supplied by interim use of water
allocated to other purposes in projects authorized or proposed for
authorization.

The ability to pay for irrigation water varies widely among the diversified
sectors of Pacific Southwest agriculture. Among the factors which generate this
variance are farm size, type of crop produced, capital structure of each individ-
ual ownership, and, source and adequacy of existing water supplies and works.
In addition to these factors which tend to be associated with internal operations,
the effective payment capacity of an individual farm unit will be affected by its
spatial relationship to the main conveyance works for the new water supply
(that is, the greater the cost in works and the water losses incurred in moving
water from the main conveyance works, the smaller the portion of the ability to
pay for water that can be collected by the new project). Existing water costs to
irrigators in the region commonly range from $2 to $10 per acre foot (0.6 to 3. 1
cents per 1, 000 gallons) for ground water and as low as $2 per acre foot (0. 6
cents per 1, 000 gallons) for surface water in southern California and Arizona.

The range of repayment capacities measured at the farm headgate for agri-
cultural enterprises which logically might be included in service areas supplied
from a new and large source of water varies from a maximum of about $60 per
acre foot (18.4 cents per 1, 000 gallons) for land exclusively in avocados and
citrus in northern San Diego County to as low as $5 per acre foot (1.5 cents per
1, 000 gallons) for barley in central Arizona. Although high payment capacities can
be predicated for certain specialty crops, the utilization of any significant quantity
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of irrigation water must be examined within the context of a balanced agricultural
operation and in light of projected future requirements for this type of crop pro-

duction. Whether full or supplemental water supplies are being provided, a vari-
ety of crops and types of enterprises will be included within the service area of
any distribution system. The remaining arable soil for potential new irrigation
is located on alluvial fans with variable soil quality, water and air drainage, and
other characteristics that tend to make it impractical to consider using any large
contiguous blocks of these lands for single specialty crop production. The suc-
cess of irrigated agriculture in this area has been associated with diversified pro-
duction within the individual farm units.

Studies made for agricultural areas in central Arizona indicate the agricul-

ture in the project service area would have a composite payment capacity of
about $17 per acre foot (5.2 cents per 1,000 gallons) measured at the farm head-
gate. The average costs of modifications and additions to conveyance and distri-
bution works, and costs associated with losses between the canal and headgate,
reduce the composite payment capacity to about $12 per acre foot (3.7 cents per
1,000 gallons) at canalside. To compensate for the uncertainties associated
with such computations, a contingency factor is applied to the calculated payment
capacity to produce a recommended water rate. For the proposed Central Ari-
zona Project, the recommended rate for agricultural water is $10 per acre foot

(3.1 cents per 1,000 gallons) at canalside.

If the acreage limitations of reclamation law were not applied, increased
farm sizes above 320 acres might result in economies of scale and increased pay-
ment capacity. There would continue to be some smaller holdings within the

service area, however, and the increase in the composite figure is unlikely to
exceed $1 per acre foot (0.3 cents per 1,000 gallons).

A 2.5 cents per 1,000 gallon price could bring about an increased demand

for agricultural water, provided that the cost of delivering to the new farm sys -
tem headgate was not too great or if used to supplement an existing system source.
It is estimated that the new land irrigation water requirement with 2.5 cents per
1,000 gallons of water might add to water requirements shown in table 11-7 by
about 50,000 acre feet annually in 1990 and about 200, 000 acre feet annually in
year 2000.

The assumed range of water prices (10-15-20 cents per 1,000 gallons) for

distilled water all exceed the ability of agriculture to pay its full cost. However,
it should be noted that these prices may not bear a direct relation to present
prices being paid for moderately saline water. It may be possible to increase
productivity or introduce high-value crops with the use of distilled water, thus
allowing the farmer to pay a greater price as compared to water from present
sources. Blending of distilled water with present sources may also afford the

30



same advantages. Thus, the "value" of distilled water may be significantly higher
than present water. The question of recovery of desalting plant water production

costs through the price of water must also be considered in terms of whether the

farmer will pay full costs or whether total production costs will be financed in
part through taxes and/or other sources. This can only be established through a
more detailed analysis of financing methods and a better determination of the "value"
of pure water.

MEXICO

The potential service area in Mexico for water supplied by large-scale

desalting plants includes an area adjacent to the Gulf of California and the United
States-Mexican border in the states of Baja California and Sonora. Another poten-

tial service area distant from the Gulf of California and at an elevation above 500
feet is located in the vicinity of Hermosillo. The study identified water require-
ments in all of these areas (see appendix II-A). However, since the potential for
agricultural use is limited because of economic factors, the water requirements
identified are limited to those that might be most easily served from potential
plant locations along the northern Gulf and border delivery points.

The primary potential service area under these conditions is in the Mexi-

cali-San Luis Rio Colorado Valley region, which is adjacent to the U.S. service
area. This land is presently being served by ground water and a water delivery
system from the Colorado River. Additional limited new land development would
be possible in areas immediately adjacent to this area and plant site locations
along the seacoast.

Water Supply

The major sources of water supply for the Mexicali Valley region of Mexico

are the Colorado River and wells. The total annual water consumption of the area
is now of the order of 2 bgd (about 2.2 million acre feet per year or 86 m3 /sec).
About 35 percent of the irrigation water is supplied from deep wells in the area.

Because of the overdraft of these wells, the water table has been dropping
from 80 to 100 centimeters (approximately 30 to 40 inches) per year. The salinity

level of well water ranges upward from about 900 ppm. It is believed that con-
tinual pumping at the present rate may lead to a future degradation of the water
quality.

About 65 percent of the water is supplied to the area by gravity flow from the
Morelos Dam. Under the present treaty between the United States and Mexico,
the Mexican entitlement from the Colorado River is 1.5 million acre feet per year.
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Based on the data given, it can be seen that the total entitlement is required to
meet present water demands. There are no other major surface aquifers in the
area which can be developed to supply additional water.

Current Water Uses

Since the region under consideration does not have a high population density,
the demand for M&I water is low compared to the agricultural demand. Although
there is industry in the region, there is no heavy industry per se which would call
for large water volumes. The two major population centers in the study area are
Mexicali and San Luis Rio Colorado. The population, based on the 1960 census
data, is 281, 300 for the area surrounding Mexicali and 42, 100 for that of the San
Luis Rio Colorado area.

There are approximately 1,000,000 acres (400,000 hectares) of land suitable

for irrigation in the Mexicali-San Luis Rio Colorado Valley. At present there
are approximately 460,000 acres (185,000 hectares) under cultivation in the Mexi-
cali Valley area which comprise the Colorado River Irrigation District. The major
crops grown are cotton and wheat, although there is some truck farming to meet
needs of the surrounding area.

Projected Water Requirements

In the determination of future water demand for M&I use, population growth

was considered for both Mexicali and San Luis Rio Colorado. The water use of
the population was based on an initial allotment per inhabitant per day of 400 liters
for the two major localities and 250 liters for the smaller localities. The sub-
sequent demand, based on the aforementioned, is shown in the following chart.

Demand for Water for M&I Uses

Annual

Year City Inhabitants volume, 3
million m3/sec

m3

1970 Mexicali 380,000 60 1.9
1970 San Luis Rio Colorado 40,000 6 0.2
1995 Mexicali 730,000 120 3.8
1995 San Luis Rio Colorado 80,000 12 0.4
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It can be seen from this chart that the total quantity of new water required in
1970 is approximately 50 mgd (2. 1 m3/sec). This would increase to approximately

93 mgd (4.2 m3 /sec) by 1995. No consideration has been given to accelerated
growth of industry or population due to the availability of large blocks of power and
water as would be the case from a dual-purpose desalting plant. It should be noted
that a portion of this M&I use will become available for reuse and could serve to
satisfy ground-water overdraft or new agricultural use.

The major demand for water in the Mexicali area is for agricultural purposes.
The desalted water could be used in place of an overpumping of ground water.
This would require, however, the construction of an additional delivery system

to the present well users. However, it is possible to consider the feasibility of
replenishing the ground-water aquifer.

Water Requirements With Development of New
Land-Water Costs Not a Limiting Factor

The estimated cultivable land in the Republic of Mexico is about 74 million

acres (30 million hectares). Of this total, there are about 29.6 million acres
(12 million hectares) that are potentially capable of being developed by irrigation.
Over the last 40 years some 7.4 million acres (3 million hectares) have been

brought under irrigation. The resulting average annual new irrigation develop-

ment would thus be about 185,000 acres (75,000 hectares) annually which gives
a general idea of the average rate of development in the whole country.

It is believed that in the region under study a similar rate of growth would
occur and that there would be about a 20 percent increase in irrigated land in the
period between 1965 and 1995. Consequently, a maximum of about 90, 000 acres
(36, 000 hectares) would be brought into production by 1995.

The water requirements for this land would be about (17.7 cubic meters per

second) above the 1965 agricultural requirement of 196 mgd (86 cubic meters per
second). Therefore, for 1995 the total requirement for water would be about 1.0
bgd (44 cubic meters per second). The variation of total Mexican water require-
ments as a function of time is shown in table 1-11.

It should be noted that these water requirements are based on a general esti-
mate of land development which is dependent on a number of factors not the least
of which is cost of water for irrigation use. There could be a decrease or increase
of the 90,000 acres (36, 000 hectares) which are assumed as being brought into

production. This can be determined only through a detailed analysis of agricul-

tural demand and the factors that affect it over the long-range period.
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Table II-11. -Net Water Requirements-Mexican Region

Year

1960 1970 1980 1990 2000

1,000 acre feet

MlcI growth and ground
water overdraft.............551 572 612 645 715

New agricultural.............0... 75 225 375 525

Total..................... 551 647 837 1,020 1,240

million m3

Iv&I growth and ground
water overdraft........... 680 705 755 795 882

New agricultural............ 0 93 278 463 648

Total......................680 798 1,033 1,258 1,530

aIncludes an estimated 500,000 acre
ground water overdraft.

feet (620 million m ) of annual

In relation to the development of new land in this area, indications are that
the best soil is found north of 320 latitude (latitudinal line about 10 miles south
of Riito). To the east of the present irrigated farmland is the Desierto del Altar
which affords many thousands of acres of arable land. Partial development of this
area in terms of irrigated farmland is a possibility but extensive irrigation works
would have to be employed.

Present Water Costs, Repayment Capacity, and Projected New
Land Development--With Water Costs a Limiting Factor

There is a wide variation of water prices in the northern region of Mexico
and this variation is highly site dependent. Water prices in the Puerto Peliasco
area have ranged from $6.50 per thousand gallons for trucked-in water to $2.50
per 1,000 gallons of water from an evaporative distillation system employing waste
heat from a diesel engine. Puerto Pe'iasco is presently served from ground-
water wells at a price of 60 cents per 1,000 gallons.

Farther north the water price decreases tremendously because of the use of
Colorado River water and well water. General M&I water prices range from 24
to 37 cents per 1, 000 gallons (7 to 10 cents per m3 ). The average price paid by
the farmer for agricultural water is about $1.75 per acre foot or 0. 54 cents per
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1,000 gallons. The average price is based on the range of 86 cents per acre foot
(0.26 cents per 1,000 gallons) to $2 per acre foot (0.61 cents per 1,000 gallons)
for irrigation water delivered from the Colorado River to $7.40 per acre foot
(2.3 cents per 1,000 gallons) for water from wells. This irrigation is heavily
subsidized. Data indicate that farmers using present water sources cannot go
much over the present price of water and still maintain a profitable level of
operation.

As noted previously in the discussion of U. S. water requirements, it may be
possible to increase agricultural productivity per unit of desalted water applied.
Under this condition, it would have a greater agricultural value than the water
available from present sources. As noted previously, these present water sources
tend to be high in total saline content.

The foregoing must be considered in determining the cost of "new" water as
compared to that being paid for water at present. The uncertainty in this area
points to the need for an experimental farm program of sufficient scope so that
the effect of the use of desalted water on overall farming methods and crop
yields can be determined at an early date.

As shown in appendix II-A, a study was conducted on the economic considera-
tions for utilization of water in Mexico. The results of this study indicate that the
water price must be approximately 2.2 cents per 1,000 gallons in order to achieve
a satisfactory benefit. However, one has to consider that without new water
sources the irrigation districts of Mexicali and San Luis Rio Colorado may have
to be reduced in the near future. In addition, the possible greater value of desalted

water for agricultural use should be considered prior to the assumption that the
2. 2 cents figure is valid. The benefits of desalted water are considered in detail
in chapter VI.

COMBINED WATER REQUIREMENTS-UNITED STATES AND MEXICO

The Colorado River is the main source of water supply for the Pacific South-
west. Major current and projected water shortages thus can be ameliorated by
augmenting the natural flow of the river. To be effective in reducing or elimi-
nating deficiencies, however, new facilities must be constructed to transport the
augmented water to the areas of deficiency.

Under conditions of natural runoff over the next two decades, it appears that
there will not be unused capacity in planned diversion works in the United States

until about 1985. New water conveyance facilities will also have to be provided
in Mexico to satisfy the indicated water deficiency. By this time it is estimated
that Upper Basin uses will have increased to the point that water supplies remain-
ing for use by the Lower Basin will not permit annual diversions by the Central
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Arizona Project aqueduct to full capacity. The Metropolitan Water District may
also, by this time, be expecting to divert the full capacity of its aqueduct as the

limit of imports from northern California is approached or reached.

Variations from normal in natural runoff patterns, divergence from pro-

jected rates of increase of Upper Basin uses, and the effectiveness of the pro-

gram for weather modification in the Upper Basin are all factors that will influ-
ence the date at which augmented water supplies could be effectively used.

Figure II-1, derived from table 11-12, presents a graph of the combined net

water requirements for the United States and Mexico. The values shown for the
United States reflect water requirements for Arizona and southern California.
The data for Colorado, Nevada, New Mexico, Utah, and Wyoming (as given in

tables 11-4, II-7, and II-10) have not been included. The effect of including
potential requirements of these states can be seen from the data of table II-10.

The dip in the curve shown in figure II-1 reflects a combination of circum-
stances that are scheduled to occur prior to 1980. These include the deliveries
of new water supplies to the southern California area and the return to full nor-
mal operation of the Colorado River system of storage reservoirs.

It should be noted that a major portion of the early water requirements in both
countries consists of satisfaction of a ground-water overdraft. The additional
M&I growth and new agricultural water requirements produce a total combined
water deficit of about 1. 5 bgd in 1980 and nearly 7. 0 bgd in 2000. However, since
the constructed and presently planned conveyance works have no unused capacity
prior to 1985, the 1980 water demands could not be served unless additional
facilities are provided.

Dual-purpose desalting plants could be used as a means of satisfying the
study area's growing water requirements and offer the advantage of high-quality
water and the opportunity to construct additional plants, or units of plants, on a
schedule to meet the projected growth.
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Figure II-1. Net Water Requirements Areas of Southern California,
Arizona, Baja California, and Sonora.



Table II-12. -Net Water Requirements-Southern California,
Arizona, and Mexicali Valley Region of Mexico

(Average annual unit: mgd)

Year

1960 1970 1980 1990 2000

Mexico

M&I growth and ground water
overdraft.................. 495 510 545 575 635

Potential new agriculture.... 0 67 202 334 468

Total Mexico, mgd......... 495 577 747 909 1,103

Total Mexico, m3/sec...... 22.0 25.1 32.5 39.8 48.2

United States

MII growth and ground water
overdraft.................. 1,410 2,000 550 1,220 2,450

Potential new agriculture.... 0 0 0 480 2,880

Total U.S., mgd............ 1,410 2,000 550 1,700 5,330

Total U.S., m3/sec......... 62.4 89.0 24.4 75.5 236.0

Total for United States and Mexico

D&I growth and ground water
overdraft.................. 1,905 2,510 1,095 1,795 3,085

Potential new agriculture.... 0 67 202 814 3,348

Total (all), mgd........... 1,905 2,577 1,297 2,609 6,433

Total (all), m3/sec........ 84.4 114.1 56.9 115.3 284.2
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Chapter III

POWER

GENERAL

This chapter provides an analysis of the demand for electric power produced
by the dual-purpose plant. Because of the difference in the power systems of
Mexico and the United States, it was necessary to follow different procedures for
the two countries. The United States will have a large interconnected power grid
within reasonable distance into which it would be possible to deliver large quanti-
ties of electricity, constructing tie-lines primarily to existing transmission net-
works. The Mexican systems considered in this study are more remotely located,
and are not interconnected. Substantial amounts of transmission would be re-
quired, compared to the load.

The studies reported in this chapter are based on the following assumptions:

1. The estimated onsite power costs used in this analysis were taken from
chapters IV and VI and related appendices.

2. The electric power output of the dual-purpose plant is assumed to be
pooled with power from other utility systems. Accordingly, in computing firm

power costs, the dual-purpose plant is assumed to maintain capacity of 12 per-
cent in excess of firm load requirements and to conform to other standard proce-
dures of pooling.

3. That portion of the power output of the dual-purpose plant that will be used

for Mexican power systems will be delivered at the plant boundaries; that portion
of the power output that will be used by U. S. power systems will be delivered to the
border.

4. Arrangements would be made, including adequate advance notice, to per-
mit the Mexican power systems to absorb increasing yearly quantities of power at
different load factors; the charge for such power was calculated on the basis of
annual peak demands and quantities of energy, at the dual-purpose plant.

5. No detailed consideration was given to the effect on costs of possible
changes in the technology of power systems and apparatus. Considering the
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extended time period under consideration (to 1995), it might be expected that
such developments would take place.

In analyzing the marketability of power in the United States for this study,
the basic approach was to compare the costs of power from dual-purpose plants
for various fixed charge rates with those projected for new installations planned
for existing power systems in Arizona and southern California, considering
both publicly and privately owned power plants.

The demands for water system pumping power and onsite plant power for
the first plant indicate that approximately 1, 700 MW of marketable power is
available (see ch. IV and V). If Mexican demands in 1980 for the Tijuana-Mexicali
and Sonora-Sinaloa systems are met, then about 1, 100 MW remain for marketing
in the United States.

The transmission requirements for the initial block and for increasing quan-
tities of power will depend on timing and other developments in transmission
facilities. To provide a basis for comparing delivered power costs, an analysis
is presented herein covering such transmission, with the marketing of 2, 000 and
5, 000 MW in the United States.

In the analysis of power economics in Mexico, the primary consideration was
to determine whether the necessary investments in long-distance transmission to
deliver the quantities of power that could be used in the future by the Mexican
power systems would result in sufficiently low costs to make the deliveries eco-
nomical when compared with conventional additions to the existing systems.

U.S. POWER SYSTEMS

The U. S. power systems in the southwestern area near the proposed dual-
purpose plant are part of a large interconnected power system. The Federal
Power Commission (FPC) develops its statistics on power consumption on the
basis of separate power supply areas. FPC Power Supply Area 47 covers south-
ern California and a portion of Nevada. Power Supply Area 48 covers all of
Arizona, a small portion of New Mexico, and portions of eastern California and
Nevada. The projected load growth of these two areas has been used as a mea-
sure for evaluating the marketing potential of various sizes of dual-purpose
plants. It should be recognized, however, that, depending on the then-existing
transmission system, a more extensive area could be considered for this pur-
pose, if necessary.

The transmission system in FPC Power Supply Area 47 consists principally
of 161-, 230-, 287-, and 345-kv transmission lines which interconnect the re-
mote hydroelectric plants to load centers in southern California. At present,
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thermal-generating facilities are nearly all located near the load centers; how-
ever, 500-kv transmission lines are being constructed to connect the large
thermal-generating plants at Mojave in southern Nevada and Four Corners in
New Mexico to load centers in the southern California coastal area. As part of
the Pacific inter-tie, a 750-kv dc line is being constructed by the Department of
Water and Power of the city of Los Angeles from the Dalles Dam in Oregon to
the Sylmar substation near Los Angeles. A second 750-kv dc line is being con-
structed by the Bonneville Power Administration and the Bureau of Reclamation
from the Celilo substation to the Mead substation near Hoover Dam.

The power supply planning of the Western Energy Supply and Transmission
Associates (WEST), covering the major adjacent power systems, is predicated
upon making maximum use of the limited number of suitable power sites, con-
sidering the need for low-cost fuel, adequate cooling water, and avoiding air pol-
lution of metropolitan centers. A number of such sites has been selected and
action taken for initial development. Present plans provide for individual unit
sizes up to 1, 000 MW and maximum total installed capacity at a single site of
approximately 5, 000 MW. Although construction and ownership are by the oper-
ating utilities, and not through WEST, the needs of all of the utility systems may
be taken into consideration by an arrangement of proportioning the output of each
unit among different systems in accordance with the investments made by each.
The transmission planning is designed to match the generation.

Load Growth

Forecasts for anticipated load growth for the two FPC areas for 1975 to
1995 are given in table III-1.

Table III-1. -Projected Power Requirements

FPC Power Supply Area 47 FPC Power Supply Area 48

Year Maximum Maximum

demand, MW Energy, Gwh demand, MW Energy, Gwh

1970 13,300 72,500 4,490 23,600
1975 19,400 106,000 6,500 34,400
1980 27,700 151,000 9,570 50,300
1985 39,200 213,000 14,000 73,800
1990 55,000 298,000 20,600 108,000
1995 77,000 419,0003 0,300 158,000
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It will be noted that the maximum demand for area 47 increases by approxi-

mately 1, 000 MW per year in 1970 to 1980 and by approximately 5, 000 MW per
year in 1990 to 1995; in area 48 the increase in demand ranges from 400 to 500

MW per year in 1970 to 1980 to 2, 000 MW per year in 1990 to 1995.

It was assumed in this analysis that the power facilities of the dual-purpose
plant would become part of the pooling arrangements of the area. By maintaining
approximately 12 percent in excess of firm load requirements and conforming to

planning, and shutdown and emergency procedures of the pool, the remaining

capacity of the dual-purpose plant can be considered to be firm.

From the viewpoint of growth in maximum demand only, future dual-purpose
installations of as much as 5, 000 MW (2. 5 bgd or 110 m3/sec of water) can be

expected to have a market. The matter of the ability of the power systems to ab-

sorb such a quantity as baseload may pose a difficult problem. Only approxi-

mately half of the total region's annual increase in demand is available to absorb
baseload additions. Spinning reserve and reliability considerations would also
militate against too high a concentration of baseload power from one source.

It is clear from preliminary analyses that absorption of 2, 000 MW as base-

load should pose no insuperable problems even at the growth rates in 1970 to
1980, while absorption of about 9, 000 MW (which would be the maximum case if
the entire water deficit required by 1995, shown in chapter II, were met by dual-

purpose plants), even in 1990 to 1995, is probably beyond economic feasibility.
If increasing desalted water needs require the employment of optimized water-
to-power ratio plants having power in excess of that considered marketable as

baseload, consideration will have to be given to developing dual-purpose plants
having higher water-to-power ratios.

As noted, FPC areas 47 and 48 were used as the basis for determining load

growth. Area 46, comprising northern California and part of Nevada, has an

existing and projected load approximately equal to area 47, and it will soon be
fully interconnected to areas 47 and 48. The inclusion of area 46, and other ad-
jacent areas, for marketing of large blocks of power from dual-purpose desalting
plants could be considered in the future.

Power Marketing Studies

The estimated power cost at the plant busbars for 2, 000 MW of electricity,
produced in two generating units from a phase I (1980) dual-purpose plant with a

fixed charge rate of 6 percent, is 2. 2 mills per kw-hr at 90-percent plant factor.
Estimated unit costs for the range of fixed charge rates considered are as
follows:
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Percent Mills

4 1.8
6 2.2
8 2.7

10 3.1

The fuel component of the total cost is approximately 1. 1 mills per kw-hr in
each case. As shown in chapter VI, the power costs from the phase II or ad-
vanced plants would be lower than those just shown. Consequently, the phase I
case is considered as the most pessimistic as to cost in relation to the ability
to market the power.

Nuclear and fossil-fuel plants of comparable size are expected to be installed
in the area in the 1975 to 1980 period by public and private utilities. Nuclear

plants will tend to be located close to load centers while fossil-fuel plants will be
primarily remote, in some case mine mouth. It is anticipated that unit costs at

the busbars for coal plants will be somewhat lower than comparable nuclear
plants, but that the factor of transmission cost will result in utilization of both
types to meet load growth of the entire area over a period of time.

Dual-purpose nuclear power-desalting plants compared with single-purpose
nuclear power plants of equal power output should produce lower power costs be-
cause of the inherent advantages of larger reactor size and the benefits of the
dual-purpose cycle.

The 4- and 6-percent fixed charge rates applicable to the desalting installa-

tion yield projected power costs that are lower than comparable costs from coal-
fired plants or from nuclear plants producing power only. At 8- and 10-percent
fixed charge rates applicable to the desalting plant, however, public nonfederal
power generation costs in the area may be less (for those systems that can obtain
power from large plants) than the cost of producing power in the dual-purpose
plant. The estimated costs of power from the dual-purpose plant are lower than
those from privately owned plants at all assumed fixed charge rates.

To provide a more complete comparison over an extended time period, pre-

liminary analysis of possible transmission investments required to deliver the
power to load centers, associated with the dual-purpose plant, were made.
Analyses were made covering the delivery of 2, 000 and 5, 000 MW. The trans-
mission investments were based on the costs as shown in appendix III-A. The
analysis for 2, 000 MW was based on the requirement for a total of 540 miles of
500 kv at $116, 000 per mile, 445 miles of 345 kv at $88, 000 per mile, and 255
miles of 230 kv at $48, 000 per mile. Total investment was about $160 million.
For delivery of 5, 000 MW the necessary mileages are increased and a total in-
vestment of approximately $300 million is required.
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Considering the probability of an enlarged transmission system becoming
available in the United States at the time of probable completion of the first dual-
purpose plant, an equivalent investment of $60 per kw for transmission invest-
ment is deemed suitable for purposes of this study to cover various potential
quantities dealt with herein. This results in total annual transmission cost of
about $4. 70 per kw-yr. With the reserve required by the pooling and with a 90
percent load factor the transmission charges per kw-hr to be added to the onsite
power generation costs will be approximately 1 mill per kw-hr.

On the basis of the data given, the total delivered power cost from the de-
salting plant would vary from about 3 mills per kw-hr at 4-percent fixed charge
rate to over 4 mills per kw-hr at 10-percent fixed charge rate. These are ex-
pected to be in the range of most of the power systems in the area. Thus, it is
not anticipated that any major problems of marketing the dual-purpose plant's
electric power output would be encountered at these costs and under these condi-
tions, recognizing, however, that marketing at costs based on 10-percent fixed
rate may be marginal and that at 8 percent may result in problems in certain
areas.

The actual construction of a U. S. transmission system of the magnitudes in-
dicated, specifically for this project, may not be necessary. Transmission
facilities could be constructed by others which would have capacity to carry
project power to the systems in which it could be used, with payments made for
carrying the power; however, the complete system has been analyzed herein in
order to obtain a ceiling investment that may be required to deliver the power
to appropriate delivery points.

Although the foregoing analysis is based on the marketing of 2, 000 MW or
more of power, the quantity realizable from the first plant will be reduced be-
cause of the utilization of a portion of the capacity of the dual-purpose plant by
power systems in Mexico and for pumping requirements to convey the water from
the production plant to a reservoir. Based on these two requirements as sum-
marized in chapter VI, the maximum marketable power supplied to the U. S. will
be between 1, 100 and 1, 200 MW.

The possibility of decreased quantities of power delivered to U. S. power
systems is not expected to adversely affect unit costs because of the probability
of working out power transmission arrangements using existing transmission
systems for the delivery of smaller quantities of power. Transmission lines
would be required to be built, however, from dual-purpose plants in Mexico (for
example, Santa Clara) to a suitable tie-in point at the border.

Analysis of marketability of a portion of the output of the dual-purpose plant
in Mexico indicates the desirability of adopting a procedure whereby a permanent
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block of power would be reserved by Mexico and withdrawn in increasing steps
each year over a period of years. Based on the size and growth of the applic-
able U. S. power systems, such a procedure would be feasible, provided ample
planning notice (approximately 5 years) is given establishing the quantities
involved.

From the foregoing analysis it is apparent that a ready market will exist in

the United States for the 2, 000 MW or less of power at 90-percent load factor

with power costs based on 4- or 6-percent fixed charge rate. This is true ir-
respective of the year such a block of power is delivered after 1975. At 8- or

10-percent fixed charge rates the marketability of the output would be reduced.

The marketability of a plant output of 5, 000 MW as baseload in the United

States would depend on the date of completion of such a plant and cannot be deter-
mined without detailed studies because of the problem of baseload use of so large

a block of power from one location or in one general area. Since water and

power requirements do not necessarily match when additional dual-purpose plants
(having marketable power levels of 2, 000 MW each) are brought into operation,

consideration should be given to the phasing of higher water-to-power ratio plants
into the long-range plant implementation schedule. It may be desirable to con-
sider plants having no marketable power output.

MEXICAN POWER SYSTEMS

Three large public utility companies owned by the Federal Government of

Mexico provided nearly all of the electricity for the Mexican power sector. Other

small companies in Mexico account for a combined installed capacity of only 0.34
percent of the power sector's total. As of August 31, 1967, the three major

utilities had a total of 4, 708 MW of installed capacity, as shown in the following:

Installed Percent
Company Capacity, MW of Total

Comision Federal de Electricidad
and affiliated companies 3, 655 77. 6

Compania de Luz y Fuerza del Centro, S. A. 675 14.3
Industrial Electrica Mexicana, S. A. 378 8. 1

Comision Federal de Electricidad (CFE) is a decentralized agency of the

Mexican Government which includes a number of affiliated companies. In January
1968, Industrial Electrica Mexicana was merged with CFE; and the affiliated
companies were merged also, leaving only CFE and Centro as components of the
power sector.
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The power sector supplies every important city and capital in Mexico, as
well as the main industrial centers, all of the electrified farming areas, and a
great number of rural centers.

There are 10 main power systems in the country, seven with total capacities
between 225 and 2, 200 MW, and three with total capacities between 15 and 60
MW. Additionally, there are a number of smaller independent systems operating
throughout Mexico, with a total capacity of 250 MW. The power systems are lo-
cated in two large geographical areas: northern and southern.

The major systems located in the northern area of interest for this study
have a total installed capacity of 1, 267 MW as of August 31, 1967, with projected
growth for the next 10 years as given in table 111-2.

The Falcon-Monterrey system covers the needs of the states of Nuevo Leon,
Tamaulipas, and part of Coahuila. The major power consuming centers are the
capital cities of those three states, the industrial complex of Monterrey, and the
oil producing and refining areas of Reynosa.

The Torreon-Chihuahua system covers the needs of the states of Chihuahua,
Durango, and part of Coahuila. The major power consuming centers are the
capital cities of Chihuahua and Durango, the industrial complexes of Torreon,
Chihuahua, Parral, and the farming zone of La Laguna. The interconnection of
this system with the smaller system of Durango and the large system of Falcon-
Monterrey will result in the Monterrey-Chihuahua system.

The Sonora-Sinaloa system covers the needs of the states of Sonora and
Sinaloa. The major power-consuming centers are the capital cities of both states
and the farming areas of Siete Cerros, Guaymas, Valle de Guaymas, Ciudad
Obregon, Navojoa, Los Mochis, and San Rafael. The interconnection of this sys-
tem with the Mazatlan system is now at the planning stage.

Table III-2. -Northern Mexico Power Systems

Installed 1966 Estimated
System capacity, MW peak 1976

load, MW peak load, MW

Falcon-Monterrey......474 263 649
Torreon-Chihuahua..... 303 173 311
Sonora-Sinaloa........ 265 161 412
Tijuana-Mexicali...... 226 142 266
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The Tijuana-Mexicali system covers the needs of the northern part of Baja
California and a small section of the western part of Sonora. The major power-
consuming centers are the city of Mexicali, the irrigation district of the Mexi-
cali Valley, the city of Tijuana, the port of Ensenada (all in Baja California), and
the city of San Luis Rio Colorado, in Sonora.

Load Growth Until 1995

Forecasts of maximum demands and energy requirements for each major
system are given in table 111-3.

The basis for the forecasts is the normal growth of load experienced in the

systems, with adjustments to cover specific plans for the development of the
area.

CFE usually forecasts loads for the coming 5-year period. Forecasts are
also made for 5 more years, but it is not customary to do load forecasting for
more than 10 years.

Transmission and Sites

The dual-purpose plant would be located in the northern coast of the Gulf of
California. Any error involved in not knowing the precise location of the plant

upon the transmission costs is so small that only one plant site is needed for this
analysis.

The arbitrary location was chosen 106 miles from Mexicali, 303 miles from
Hermosillo, and 980 miles from Torreon.

Table III-3. -Projected Electric Power Load Growth in Northern Mexico

Tijuana-Mexicali Sonora-Sinaloa Monterrey-Chihuahua

Year Maximum Energy Maximum Energy Maximum Energy

demand, m required, demand, required, demand, m required,
Gwh Gwh Gwh

1970 187 867 258 1,294 715 3,947
1975 250 1,159 382 1,914 907 5,006
1980 335 1,553 561 2,813 1,213 6,695
1985 448 2,077 824 4,133 1,623 8,958
1990 600 2,779 1,211 6,074 2,173 11,996
1995 802 3,719 1,779 8,925 2,911 16,064
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For the Monterrey-Chihuahua system, the receiving station would be located
in Torreon and from there energy would be transmitted to Chihuahua (295 miles)

and Monterrey (230 miles).

Unit transmission costs and voltage are assumed as follows: 230 kv with a

cost of U. S. $25, 744 per mile for Mexicali and Torreon-Chihuahua, 400 kv with
a cost of U. S. $46, 339 per mile for Hermosillo and Torreon-Monterrey, and dc
transmission at 600 kv with a cost of U. S. $56, 315 per mile for Torreon.

Investment in substations would be: for 230 kv, U. S. $0. 8 million for 100
MVA; for 400 kv, U. S. $2 million for 200 MVA; and for 600 kv dc, U. S. $21, 000

per MW.

Energy Utilization from the Dual-Purpose Plant

To simplify the study and eliminate the need to go into the details of trans-
mission and subtransmission within a system, it has been assumed that the dual-

purpose plant would supply the difference between the required peak power and
energy and the peak power and energy assumed generated by the existing plants
of each system. Such locally generated energy would be the hydroelectric energy,
the geothermal energy, and the energy that would correspond to the output of
conventional thermal units operating at 15-percent load factor.

Power-Marketing Studies

Amount of Energy and Power

Based on the aforementioned assumptions, table 111-4 gives the maximum
power and the energy supplied by the dual-purpose plant to each system. Two

cases are analyzed; interconnection with the dual-purpose plant in 1980 and inter-
connection in 1985.

It is assumed for this analysis that for each one of the three systems, CFE
would contract with the dual-purpose plant for an amount of power corresponding
to the values given in table 111-4. The calculation of fixed charges to the Mexican
system are determined by the peak power demand from the dual-purpose plant
and adjusted on a yearly basis.

Energy from the dual-purpose plant would be considered firm during the
whole year. When calculating fixed charges, 12 percent is added for reserves to
provide basis for the backing of the U. S. systems which are assumed to supply

the power required during shutdown of units of the dual-purpose plant, up to the
maximum values given in table 111-4. Thus, in case of maintenance or forced
outage of units of the dual-purpose plant, power would be supplied to the
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Table 111-4. -Power and Energy Supplied by the Dual-Purpose Plant

Interconnection 1980

Tijuana-Mexicali Sonora-Sinaloa Monterrey-Chihuahua

Year Maximum Energy Maximuln Energy Maximum Energy

demand,Mw required, demand, MW required, demandMW required,
Gwh daGwh Gwh

1980 219 643 351 1,387 928 4,622
1985 332 1,167 614 2,707 1,338 6,885
1990 484 1,869 1,001 4,648 1,888 9,923
1995 686 2,809 1,569 7,499 2,626 13,991

Interconnection 1985

Tijuana-Mexicali Sonora-Sinaloa Monterrey-Chihuahua

Year Maximum Energy Maximum Energy Maximum Energy

demand, MW mand' MW required, demand, MW required,

d dGwh Gwh Gwh

1985 321 1,070 580 2, 409 1,293 6,491

1990 473 1,772 967 4, 350 1,843 9,529

1995 675 2,712 1,535 7,201 2,581 13,597

Mexican system without any extra cost other than the 12
capacity charge.

percent added to the

It is therefore assumed for this study that Mexico will have a variable par-
ticipation in the fixed charges for the power component of the dual-purpose plant.

Power Costs from the Dual-Purpose Plant

A nominal case was considered with 6-percent fixed charges and 90-percent

load factor for the cost of energy from the dual-purpose plant corresponding to
2.2 mills kw-hr, half of this cost would cover fixed charges; the other half would

cover the fuel and operating component of the cost of producing power.

This results in a charge of U. S. $8. 67 per kw-yr plus 1. 1 mills per kw-hr.

To allow for reserves, the fixed charge is multiplied by 1. 12, and therefore the
annual demand for each system is charged at the rate of U. S. $9.71 per kw.
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For the other fixed charge rates used, namely 4, 8, and 10 percent, energy
would have a total cost respectively of 1. 83 mills per kw-hr, 2. 66 mills per kw-
hr, and 3. 09 mills per kw-hr in all cases at 90-percent load factor. It is as-
sumed that the fuel and operating cost component for energy from the dual-purpose
plant remains essentially at 1. 1 mills per kw-hr. The annual charge for demand,
including reserves as a function of fixed charge rate, is U. S. $6.45 per kw at

4 percent, U. S. $13. 77 per kw at 8 percent, and U. S. $17. 57 per kw at 10
percent.

Conventional power plants are estimated to cost U. S. $108 per kw with a
unit cost for fuel and operation of 3. 2 mills per kw-hr. This cost per kw-hr is
assumed to apply to the cost of generation in the existing thermal plants also.

Economic Analysis and Evaluation

The studies make a comparison between the growth of the systems with con-
ventional units and supply of deficit requirements from the dual-purpose plant.
In particular, three alternatives were considered:

1. Alternative (a)-Expansion of each system with conventional units.

2. Alternative (b)-Interconnection of each system with the dual-purpose

plant in 1980.

3. Alternative (c)-Interconnection with the dual-purpose plant in 1985.

The comparison between different alternatives is made with the cumulative
present value of yearly expenditures for each one. These expenditures are:

1. The annual equivalent cost of investment.

2. The annual cost of thermal generation.

3. The annual charges for power and energy from the dual-purpose plant.

For alternative (a) the installed capacity is greater than the peak load for
each year by 15 percent, or if the size of the largest unit is more than 15 percent
of peak load this is considered as reserve.

As already mentioned, transmission and subtransmission within each system
is not considered because it would be very similar in the case of interconnection
with the dual-purpose plant or if supplemented by some conventional generation in
the systems.
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In this manner alternative (a) for each system consists of a series of invest-
ments in conventional units, alternative (b) considers an expansion equal to the
one in alternative (a) up to 1980, and alternative (c) considers expansion with
conventional units up to 1985. In alternatives (b) and (c) investments are made
in transmission lines and substations. In table III-B-3 of appendix III-B alter-
natives (b) and (c) are specified and the annual equivalent costs for each invest-
ment is given for 9-percent interest rate and a 30-year lifetime of transmission
and distribution facilities. For computing the present value of expenditures up
to 1995 a discount factor corresponding to 8-percent interest rate is used.

For this report, alternative (a) consists, in the case of the Tijuana-Mexicali
system, of the installations of eight 75-MW fossil-fuel-fired units with an equiv-
alent annual cost of . 72 million dollars each. For the Sonora-Sinaloa system,
alternative (a) is the installation of 21 75-MW units. Alternative (a) for the
Monterrey-Chihuahua system starts with the installation of some transmission in
1975, having an equivalent annual cost of 0. 8 million dollars, and then consists

of the addition of 14 150-MW and one 300-MW fossil-fuel-fired units with annual
equivalent costs of 1.44 million dollars for the 150-MW units and 2. 88 million
dollars for the 300-MW unit.

Tables III-B-2 through III-B-4 of appendix III-B give the details for expendi-
tures for alternatives (a), (b), and (c), using the 6-percent fixed charge for the
power cost of the dual-purpose plant.

Table HI-5 gives the present value, in million dollars, for expenditures in
the different alternatives, and includes 4-, 6-, 8-, and 10-percent fixed charges
for alternatives (b) and (c).

Table HI-5. -Summary of Cumulative Present Value of Expenditures
($ U. S. Millions)

mAlterna- Alternative (b) Alternative (c)
System Aterna-

tive (a) 4 6 8 ot4t 6 8t 104

Tijuana-Mexicali...... 68 60 68 78 87 63 68 75 81

Sonora-Sinaloa........ 144 124 140 159 177 132 143 157 169

Monterrey-Chihuahua... 345 387 419 459 495 366 387 390 437
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To show the differences, table 111-6 gives the results, in million dollars, of
the cumulative present values of expenditures for alternatives (b) and (c) less
the present values of expenditures for the basic alternative (a).

All present values and annual equivalent costs are computed with an interest
rate of 8 percent.

The cost comparisons for the different alternatives show that the long dis-
tance between the Monterrey-Chihuahua system and the probable site for the dual-
purpose plant makes transmission costs so high that it will be uneconomic to use
the dual-purpose plant to supply energy to the northeastern part of the country.
For the other two systems, Tijuana-Mexicali and Sonora-Sinaloa, (provided fixed
charges remain below 6 percent), obtaining power from the dual-purpose plant at
the 1980 date seems to promise lowest costs.

This economic comparison was made on the assumption that the dual-purpose
plant power demand allocated to Mexico can be adjusted each year in proportion
to growth in demand. If commitments must be made for blocks of power to be
taken over periods longer than 1 year, the cumulative present value of expendi-
tures for alternatives (b) and (c) will be higher than the estimates given as a re-
sult of the larger quantity of power committed, but not used, in the first part of
the period.

The energy and power that could be absorbed by Sonora-Sinaloa and Tijuana-
Mexicali systems would be as shown on the following page.

Table 111-6. -Difference Between Cumulative Present Value of Expenditures
for Energy from Dual-Purpose Plant and Expansion of the Systems

with Conventional Units, at Different Fixed Charges for Power
from the Dual-Purpose Plant

($ U. S. Millions)

Alternatives (b) and (a) Alternatives (c) and (a)

System

4t 6t 8t lob 4t 6t 8 o 1ot

Tijuana-Mexicali....... -8 0 +10 +19 -5 0 +7 +13

Sonora-Sinaloa......... -20 -4 +15 +33 -12 -1 +13 +25

Monterrey-Chihuahua.... +42 +74 +114 +150 +21 +42 +45 +92
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Power, Energy,

Year MW GWH

1980 570 2,030
1985 946 3,874
1990 1,485 6,517
1995 2,255 10,308

Because this study is of a preliminary nature no limitations have been con-
sidered in capital resources, that apart from the dual-purpose plant investment
requirements may affect the capital requirements of transmission facilities.

Also the effects of load forecastings, different from the ones used, have been

disregarded.

53





Chapter IV

TECHNOLOGY

GENERAL

This chapter treats the technology related to the nuclear reactors and water-
desalting plants covering 1975 to 1995. In each case, there is a brief resume of
the status of the technology, the potential achievable by 1995, and estimate of
the developments involved in attaining this potential, and an attempt to identify
some of the major problems which must be resolved. In addition, appendix IV-A
describes the reactor and evaporator concepts considered and states the reasons
why certain concepts were considered to be more suitable than others. Appen-
dix IV-A also lists the general ground rules on which the studies are based and
presents representative cost data for nuclear dual-purpose water plants which
provide a basis on which to evaluate the merits of various concepts. These cost
estimates are in terms of 1966 to 1967 price indices, and no attempt has been
made to include the effects of escalation beyond that period. The reasons for
not taking escalation into account are that it is a constantly changing effect which
appears likely to continue in the future indefinitely, and even if the report took
this factor into account it would have to be updated to reflect the actual situation
at any particular time. Also, escalation generally affects all of the various
alternatives alike and should not alter their relative merits. This situation as it
relates to the nuclear steam supply system is further discussed herein.

Based on considerations established early in the study, it was decided to
divide the study into two phases, the near-term phase to cover 1975 to 1980 and
the far-term phase covering 1990 to 1995. The plant system for the first phase
was limited to existing, or reasonably assured, technology while plants for the
1990 to 1995 phase considered advanced concepts based on technology yet to be
developed. The reactor development sequence was such that light-water reactors
were considered for the first plant application, while breeder reactors were
considered as being applicable to those plants to be built in the 1990-1995 phase.
The desalting plant considered multistage flash technology for the first plant
application and improved vertical tube evaporators for 1990 to 1995. It should
be understood that technological developments evolved during the interim period

between the building of the first plant and the advanced plant may be applied to

plants constructed in the 10 to 15 years between 1975-1980 and 1990.

A breeder reactor is one which generates more fuel than it consumes.
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REACTORS

First Plant Application

The first phase of this study has an its goal the construction of a nuclear
dual-purpose electricity-water plant having a water capacity of 109 gallons per
day (1 bgd) or 43.8 m3 per sec to begin operation as soon as feasible after 1975.
From the time a firm decision is made to build such a plant, approximately 10

years is the estimated time required to make all the arrangements, construct,
and start up the plant. Therefore, the earliest realistic start-up date appears
to be not before 1978 which means that design criteria will need to be established
by 1971 to 1972. This effectively eliminates consideration of reactor concepts
requiring further development or proof testing. In essence, the only U.S. con-
cepts which can be considered for this phase are the light-water-cooled and
moderated reactors, and possibly the light-water-cooled, graphite-moderated
pressure-tube reactor (GPTR). Gas-cooled reactors have reached a high level
of development. However, on the basis of limited data available to the group,
present concepts did not appear to be competitive with light-water reactors for
use with the dual-purpose plants studied. The advanced concepts are considered
for the second-phase plants.

A light-water-cooled GPTR with a capacity in excess of 4, 000 thermal
megawatts (tmw) and producing 800 electrical megawatts (MWE) is currently in
operation in the United States; however, there is far less operating experience
with the GPTR than with the light-water-cooled and moderated reactors, and this
reactor type is not offered commercially. Also, because limited information is
available on fuel performance, this reactor type does not fully meet the criterion
of not requiring further development; therefore, it is not considered for con-
struction at this time. Nevertheless, the cost evaluations given in appendix
IV-A indicate sufficient economic merit that it should be reviewed in greater
detail if an engineering study is made within the next several years.

The light-water-cooled and moderated reactors can be categorized into

two types; the pressurized-water reactors (PWR) and the boiling-water reactors
(BWR). Although the evaluations of this report have been based primarily on the
BWR, this does not imply a preference as the two are considered to be fully
competitive. Power reactors of both types are in operation and are available
commercially.

The PWR and BWR reactors are now offered by several U. S. manufacturers
in single unit sizes up to about 3, 500 tmw (1, 100 MWE). Unit sizes of 3, 330 and
5,000 tmw have been taken as a reference base on which the evaluations have
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been made. The development problems involved in going to the larger size are
of a type which should be resolved in the normal evolutionary process. Also,
reactor manufacturers have stated that a maximum single unit size of about
5, 000 tmw should be available by 1975. Thus, it seems reasonable to assume
that 5, 000 tmw units could be available for 1980 start-up date; therefore, this
size unit has been used as the basis of the economic analysis in chapter VI.

Appendix IV-A described the development problems that will probably be
encountered with the first-phase plants, and table IV-1 lists some of the rep-
resentative design data on the two types of light-water reactors (LWR).

A 10,000-tmw reactor complex producing about 2,000 net MWE of power

will meet the heat requirements of an evaporator having an efficiency of about
13 pounds of water per 1, 000 Btu in the production of 1 bgd of water. This
total thermal capacity can be achieved with a two- or three-reactor complex,
there being some advantages and disadvantages to each system. The two-station
complex offers a slight cost advantage, but not enough for this to be the overriding
consideration. However, the two-reactor station has been used as the basis for
the first-phase plant assumed for 1980 because of it being more compatible with
the proposed water plant. The 2, 000 MWE power is the amount available after
supplying the power needs of the reactor and turbine. Other system power
needs are those for the water plant and for product water pumping. These
requirements are estimated at approximately 300 to 400 MWE. Therefore,
1, 600 to 1, 700 MWE power should be available for marketing outside the
system.

The PWR and BWR are competitive with each other and with fossil-fueled

power plants. Light-water reactor technology is well established in the U. S.
power industry. As of December 31, 1967, there were 14 power reactors (50
to 500 tmw) in operation, 21 large reactors (1, 300- to 3, 300-tmw range) were
being built and due to start operation in the period through 1972, and 35 additional
reactors were being planned at that time for start-up between 1970 and 1973.
Competition is keen, and cost experience for nuclear power plants is based on
fixed cost, competitive bids.

Figure IV-1 shows U. S. nuclear reactors presently built, being built, or
planned for operation up to 1973, with electric power plant capacity plotted
against the scheduled year of initial power operation. The trend toward larger
size units as a function of time is evident. It is too early to determine whether
this trend will continue at the same rate as it has in the past 6 to 7 years, but
if it does, the projection of a 5, 000-tmw light-water reactor for a 1980 project
appears to be appropriate.
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Table IV-1. -Representative Design Data of Current Light-Water Reactors

Pressurized-water Boiling-water
reactor (PWR)a reactor (BWR)b

Thermal power, tmw.....................

Coolant................................

Fuel...................................

Clad...................................

Moderator..............................

Active core height, ft.................

Equivalent core diameter, ft...........

Average core power density, kw/liter...

Average specific power, kw/KgU.........

Total uranium loading, MT..............

Equilibrium fissile loading, MT........

Equilibrium fertile loading, MT........

Core burnup (average) MWD/MTU..........

Life of fuel in core, full power yr....

Reloading interval, full power yr......

Fraction of core reloaded..............

Core outlet temperature OF.............
Core outlet pressure, psia.............

Steam pressure, psia...................

Steam temperature, F..................

Net thermal efficiency, MWE/tmw:

Condensing power plant...............

Dual-purpose power and water plant...

3,250

H20 (pressurized)

U02

Zr alloy

H20

12

11.15

98.1

36.7

88.6

2.1

86.5

30,000

2.36

0.79

1/3

605

2,250

700

504

32.5

21

3,293

H20 (boiling)

U02

Zr alloy

H20

12

15.59

50.8

22.0

149.8

3.3
146.5

27,500

3.43
o.86

1/4

546

1,015

965

540

32.8

21
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aPWR is Diablo Canyon (Pacific Gas and Electric Co.).

bBWR is Brown's Ferry (Tennessee Valley Authority).
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Figure IV-2 shows examples of capital cost trends for light-water nuclear
plants as a function of size as of 1966. There are two significant features of
this curve which are pertinent to this study.

First, there seems to be a pronounced trend to lower unit capital cost as

larger size reactors are built. This observation is complicated to some extent
by the fact that some of the decrease in cost may come from increased experi-
ence, improved reactor designs, and scale-up of the manufacturing process to

a more efficient and productive system. However, it appears reasonable to
assume that the downward trend of unit cost with size will continue. The second
significant feature of the curve is that the unit capital costs on orders placed for
large plants contracted for subsequent to January 1967, show higher unit costs
counter to the downward trend experienced in earlier years. Some of these
increases in the cost of nuclear steam supply systems are significant, being up

to as much as 40 percent. This is attributed to several factors. It is partly
caused by the fact that manufacturers are establishing prices that will yield a
profit on their undertakings. Another factor is that of escalation, which was
mentioned earlier. This escalation generally has been across-the-board,
including rises in the cost of labor, higher cost of money, increased cost of
materials and equipment, added expenses, slower schedules, and uncertainties
related to regulatory requirements. There also is great difficulty and un-
certainty in normalizing costs of various nuclear plants to put them all on a
comparable basis. This is caused, in part, by nonuniform treatment of costs by
various manufacturers and utilities as well as a reluctance to reveal true costs

for competitive reasons. Therefore, one cannot be certain that the cost infor-
mation used in figure IV-2 is representative of the true situation or whether
there is a strong supply and demand factor of temporary duration. It has been

assumed in this study that this cost perturbation represents the uncertainty of
all the market factors involved in bidding on and constructing a nuclear power
plant. In this sense, they are representative of differences that may occur at

any given time and for any particular plant, the price being dependent on the
general economic and marketing conditions then existent.

It is not strictly correct to compare capital cost estimates for a power station
for a dual-purpose plant with those for a power-only plant since different amounts
of electrical and/or thermal energy have to be compared. Nevertheless, ap-
proximate unit capital cost estimates were determined for power-only stations
based on the capital cost estimates for the nuclear and turbine islands used in
the present study. These estimates are shown as points A and B on figure IV-2
and correspond to the three- and two-unit 1, 000-tmw nuclear stations, respec-
tively. The estimates were determined as shown in table IV-2.
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Table IV-2. -Estimated Capital Costs for the Power Portion of
Dual-Purpose Plants

($U.S.)

3-Reactor 2-Reactor

Stationa Stationa

Total nuclear island cost, $/kwt
0.323 kwenet/kwt

Total power plant cost, $/net kwe.... 47.0 45.1

Approximate allowance for power plant
condenser and cooling water system,

$/kwe...........................................7.5 7.5

Allowance for interest during con-
struction, $/kwe (15 percent of
preceding items)................... .......15.0 14.0

Total, $/kwe.............................115.0 107.5

plotted on figure 2 at an electrical rating determined by multiply-

ing the single reactor thermal ratios times the net power-only plant
thermal efficiency, 0.323.

Based on the assumptions used, these estimates indicate that exclusive of
escalation there should be a continuing reduction in capital costs to yield the
unit costs indicated in table IV-2. However, if one takes into account escalation
at the 1967 rate and at the same time assumes no reduction in real costs through
the benefits of better management experience on going to larger sizes, then these
same unit costs could be increased by as much as 50 percent.

Advanced Plant Application

The available evidence indicates that the long-term trend toward decreasing
unit costs is real even though the expected improvement in the next 10 to 15
years may not exceed present market price uncertainty. The evaluation of
estimated overall reactor costs assumes that the downward trend in the unit
capital costs, fuel cycle costs, and other operating costs is going to continue
for the LWR, but at a more gradual rate than in the past. That is, as more
experience is acquired, there will be improvements in designs leading to higher
power densities and consequently smaller systems and hence lower unit capital
costs. Improvements in the technology such as development of better and
cheaper pressure vessels (prestressed concrete vessels, for example) better
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fuel performance leading to lower fuel cycle costs, and better management and
control in the construction and in the operation of the entire system will lead to
cost economies. The nature of the technical developments leading to reduced
costs for the LWR are more clearly defined for up to 1980 than for 1980 to 1985.
However, the potential for improvements in this type of reactor are such that
one should experience a continuation of the downward trend in costs.

Advanced systems such as the high-ratio converters or breeder reactors are
now technically feasible, but it is probable that the unit steam costs from the
first generation of these advanced systems will be higher than for steam produced
by the improved LWR available at that time. However, a greater potential for
cost reduction exists for the advanced systems than for the more mature LWR
systems. Consequently, there should be a crossing of the two cost curves at
some future date, after which it will become economically advantageous to
procure the more technically advanced systems.

Appendix IV-A compares the light-water system with the reduced fuel cost
anticipated for 1985 with two advanced systems, one being the high-conversion
ratio reactors and the other the breeder reactor. The light-water nuclear power
plant capital costs were assumed to be the same in 1985 as estimated for 1975.
For the purpose of this study, the discussion can be simplified by limiting the
consideration to breeders and the light-water systems without losing significance.
The reason for this is that the breeders are the economic ultimate now foreseen
for reactor systems, with the advanced converters being an intermediate step
between the breeders and the LWR. If high-ratio converters of any type should
demonstrate at any time their economic competitiveness they could then be con-
sidered.

The breeder reactor evaluated for the study is the liquid-metal-cooled, fast
breeder reactor (LVIFBR), although alternates to this system may be available
as mentioned in appendix IV-A. Table IV-3 lists representative design data of
various reactors for after 1985. These reactors are in the developmental stage,
and it is not feasible at this time to attempt to predict the design features of the
first commercially available plant. Consequently, several conceptual designs
covering the range of probable conditions have been considered in the study.
Undoubtedly, the first commercial breeders, to be considered at all, must be
economically competitive with the LWR then available. Therefore, the sum of
their capital costs plus operating costs must be as low or lower than the improved
light-water systems. The point in time at which this takes place is a matter of
conjecture, but the present USAEC breeder program assumes that the first com-
mitment for a small (250 to 300 MWE) demonstration plant can be made in the
early 1970's, with perhaps several other demonstration plants being built prior
to commitments on a larger commercial-type power reactor. This would in-
dicate that nuclear power breeders for central system plants should be intro-
duced in significant numbers by 1985 to 1990. Therefore, it has been assumed
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Table IV-3. -Representative Design Data of Various Reactors for the 1985 Time Period

Thermal power, tmw.................
Coolant.............................
Fuel.................................
Clad................................
Moderator...........................
Active core height, ft.............
Core diameter, ft..................
Core power density, kw/l...........
Core inlet pressure, psia..........
Core inlet temperature, F.........
Core outlet temperature, F........
Fissile loading, MT................
Fertile loading, MT.................
Core burnup (average), MWD/MT.......
Life of fuel in core, yr...........
Number of refuelings/yr.............
Reactor vessel
Material..........................
ID or length, ft.................
OD, ft............................
Inside height, ft................
Outside height, ft...............

Steam pressure, psig...............
Steam temperature, F..............
Net thermal efficiency

Condensing power plant...........
Dual-purpose power and water plant

ArgonIe Combustion General
BWR HWOCR HTGR Rgonne Engineering Electric

FBR FBR

10,000
Boiling H2 0
U0 2
Zr
H20
12
23
70
1,065
525
5145
6.0
310
30,000
2.8
1.4

Steel
32.8

85.6

965
5140

32
21

10,000
Organic
UC
Al cermet
D20
17.3
24 x 66
15.2
284
574
750
5.0
420
18,000
2
Onstream

Inconel
26 x 68

20

900
725

36
19

10,000
He
(u+Th)C2
Carbon
Graphite
15.5
65
7.
450
720
1,x470
14.0
179
69,200
6
1

Concrete
81
113
60
116
3,500
1,050

147
35

10,000
Na
(U+Pu )C
304 SS
none

3.6
20 ID, 25 OD
1490.
120
720
1,050
10.0
246
110,000
2
2

304 SS
140

64

2,1400
900

37
22

2,500
Na

(U-i-Pu )C
19-9 DL SS
none

2.5
7.5
695
40
850
1,100
1.8
12

100,000
2
4

316 SS
16.5

140.7
75
2,465
1,008

38
23

2,500
Na

(U+Pu )C
316 SS
none
2.0
11.6
365
60
800
1,100
2.8
140
100,000
2.2
2

304 ss
18

33
3,500
1,000

38
23



that the point at which the breeders will compare economically with the light-water
reactors for application in large, dual-purpose plants will be approximately
1985.

The breeder reactors built in the 1970's would be designed conservatively
and probably would have about the same relation to 1995 breeders as the LWR
in the late fifties have to LWR of today. Figure IV-3 shows the estimated cost of
power from power-only reactors based on LWR up to approximately 1985, and
for breeder reactors thereafter. The individual points and cost ranges given
in the figure correspond to published power cost determinations and estimates

for typical LWR in operation or placed for start-up in the next few years. The
range in power cost of 4 to 10 miles per kw-hr incorporates many effects
including load factor, stretch capacity, and core number. All costs are based

on private investor-owned plant financing for U. S. utilities. Curves A and B
in figure IV-3 are estimates of power costs from LWR and LMFBR, respectively,

based on the reactor capital and operating costs used in the present study
normalized with respect to those same financing conventions. The 1985 breeder
reactor corresponds to the General Electric fast breeder reactor (FBR) concept

of table IV-3, and the 1995 breeder reactor corresponds to the Argonne VLFBR

concept.

Another way to illustrate the projected cost trends is shown in figure IV-4
where the annual charge for prime steam is shown for 10, 000-tinw nuclear
islands at a fixed charge rate of 12 percent on depreciating capital and 10 per-

cent on nondepreciating capital. It should be noted that the annual capital
charges for breeders are indicated to be higher than for LWR primarily because

of the inclusion of an additional intermediate heat exchange system. The cost

advantages of breeders, therefore, come about through low fuel cycle costs

rather than reduced capital costs.

Future Technological Development

The LMFBR chosen as the basis for the advanced reactor concepts evaluated

in this study is being developed on a priority basis by the United States as well

as by several other countries. However, the projections used are based on the

USAEC's program leading to the successful construction and operation of demon-

stration plants in the 1970's and large commercially available central station

power reactors by the mid-1980's. The fast breeder development program, which

has been underway for more than 20 years, is growing at a rapidly increasing
rate and is supported by a multilaboratory and multiindustrial R&D and testing effort
covering such important areas as fuels and materials, physics, component

development, core designs, reactor designs, coolant technology, fuel recycle, in-

strumentation and controls, and safety.
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Figure IV-5 depicts, as a function of time, a few of the more important
representative milestones in this program. The first item, the Enrico-Fermi
sodium-cooled, metal-fueled, fast breeder reactor, is a cooperative, central-
station power-demonstration project. The reactor has an output of 200 tmw, or
60 MWE, but is designed for ultimate generation of 150 MWE. Design was started
in 1955 by Atomic Power Development Associates with operation being initiated in
1963. The reactor has operated since as a power demonstration test reactor,
but was shut down in 1966 because of operational problems. Operations are
expected to be resumed in 1968.

The Experimental Breeder Reactor-2 (EBR-II) is a 63-tmw, sodium-cooled,
fast-breeder reactor experiment operated by the Argonne National Laboratory
(ANL) at the National Reactor Testing Station, Idaho. Design of the experiment
was started in 1956 with initial operation taking place in 1963. At present, it is
operated as a fast-flux irradiation test facility for fast-breeder reactor fuels and
materials development.

The 20-tmw Southwest Experimental Fast Oxide Reactor (SEFOR) is under
construction near Fayetteville, Arkansas, and is scheduled to be completed in
1968. When this facility becomes operational, it will be used to study the nuclear
characteristics of a fast-breeder reactor system that uses mixed uranium-
plutonium oxide as fuel and sodium as the coolant.

The 400-tmw Fast Flux Test Facility (FFTF) has been under design since
1966, and it will be built near Pasco in the state of Washington with start-up sched-
uled for 1973. It will provide a fast-neutron environment similar to that expected
in breeder reactors in the future, and it will be used as a national testing complex
for fuels and materials. It also will serve as a demonstration plant, and will
provide experience important for the design of larger demonstration reactors and
the full-size 1,000-MWE power plants.

By 1970, the available technology, experience, and industrial capability
should provide a firm base for the construction of demonstration power plants in
the 300- to 500-MWE range which will demonstrate a breeding capability. One
can foresee in the early 1970's a series of commitments on the first-phase
demonstration plants, each probably of about the same size and spaced at 2- to
3-year intervals. This phase of the program will lead logically and naturally to
full-size 1, 000-MWE LMFBR central power stations by approximately 1985, with
commercial power breeders coming online in substantial quantities from then on.
The advanced, second-generation, fast-breeder power reactors should follow
with progressive improvements continuing through 1995, the end of the period
covered by this study.
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As backup to the LMFBR, other fast and thermal breeder concepts are being
pursued which will provide alternate routes in case of need or if they should
become more promising technically and economically.

EVAPORATORS

First Plant Application

If it is assumed that 1978 is the earliest start-up date for the first 1-bgd
(43.8 m3/sec) dual-purpose plant, design of the desalting plant should be initiated
in 1971. Therefore, the technological developments applicable to this design
should be essentially in hand by that date. With this in mind, it was assumed that
the desalting process applied to the first plant would be multistage flash distil-
lation. Although this process is used in 90 percent of the sea-water evaporators
today, an enormous scale-up in size is required. In particular, the scale-up
problem can be emphasized by considering that the largest desalting plant in

operation in the United States in 1967 was about 2. 5 mgd (0. 1 m3/sec) and the
7-1/2-mgd Rosarito plant is under construction at Tijuana, Mexico. A 17-mgd,
partially tubed module (delivery rate of 2.5 mgd (0.1 m3 /sec)) is now in operation.

Based on present-day experience and the technological developments foreseen
over the next 3 years, certain assumptions were made in relationship to desalting
plant operating temperatures, materials of construction, heat-transfer rates,
methods of scale control, and construction techniques. In all cases, these
assumptions were based on obtaining minimum product water costs compatible
with a planned 30-year plant component life. A maximum operating temperature
in the desalting plant was assumed as 250 0 F. This temperature level is com-

patible with sulfuric acid sea-water scale-control methods and with present-day
materials operating characteristics. The main evaporator structures are con-
structed of steel for that portion of the plant operating above 2000 F and of rein-
forced concrete and steel for the low-temperature end. Exterior concrete walls,
roof, and floor are lined on the inside with steelplate, which forms a part of the
reinforcement and also seals the building to ensure vacuum and pressure integrity.
Figure IV-6 presents a view of the evaporator structure typical of those used in
the 1-bgd (43.8 m3/sec) multistage flash plant. The plant flows are divided into
four desalting trains of 250 mgd each. Each train is housed in a structure in-
creasing in width from 360 feet at the high-temperature end of the plant to 420
feet at the low-temperature end. The flash chamber design incorporates two
flashing brine levels and a product water tray. The condenser tubing is 0.035-
inch wall, 90:10 copper-nickel alloy, and sufficient condenser tubing is installed
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in the plant to allow for tube plugging caused by failures. Tubes of up to 250 feet

in length are used in the plant and a tube life of 30 years is anticipated. Two
alternative methods of obtaining the tubes at the plant site that could be considered

are:

1. Delivery of long coils of seamless tubing to the site, with onsite
straightening, sizing, and inspection.

2. Delivery of coiled strip to the site, with onsite forming, seam-welding,
and inspection of tubes.

For the purposes of economic analysis as shown in chapter VI of this report, the
first alternative method was used.

The control of scaling in the condenser tubing is based on the use of the
sulfuric acid treatment which has been successfully demonstrated and is used in
a large number of present-day plants. Because the use of 120 ppm of sulfuric acid
in the makeup stream requires about 1,000 tons (910 metric tons) of acid per day,
a 1,000 -ton-per-day (910 metric ton-per-day), onsite sulfuric acid plant is pro-
vided in the design. With this type of feed treatment, a brine concentration rate
of 2:1 (brine effluent stream being twice the salinity of sea water) can be tolerated
without undue risk of condenser fouling.

Table IV-4 presents the basic design parameters of the multistage flash plant.
The plant is designed for a performance ratio of 12.8 (pounds of water produced
per 1,000 Btu used). Each 250-mgd (11 m3/sec) evaporator train is broken into
10-module streams, each delivering 25 mgd (1. 1 m3/sec). There are 48 stages
of heat recovery in each stream allowing evaporation over a temperature range
of 2500 to 102 0 F. Heat-transfer coefficients are those exhibited by present-day
technology.

It should be understood that more detailed engineering studies may indicate
changes to the data shown in table IV-4. Such changes would be in the nature of
obtaining more precise data concerning material requirements, pumping power
requirements, steam requirements, and associated plant-operating characteristics.
They are, however, considered acceptable for the level of investigation carried
out under the present study.

Many of the plant features are being developed as part of the present U. S.
flash distillation program. Among those which have a direct bearing on this
study are the development of high-performance condenser bundles, improved
flash chambers, automatic control systems, and improved plant maintainability
procedures. Additional developments which will be required for the 1-bgd plant
include development of large concrete-and-steel structures of multi level design
and the development of methods of manufacturing, handling, and installing long
evaporator tubes.
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Table IV-4. -Summary of MSF Plant Parameters

Plant dimensions
Evaporator, 250 mgd train, ft............
Water plant site dimensions, 1-bgd, ft...

Performance ratio, lb product/1,000 Btu......

Brine temperature range, OF..................
Concentration ratio..........................

Shell construction...........................

Number of trains and product of each.........

Module streams/train.........................

Number of flashing brine levels..............

Power requirements, MW.......................

Number of stages of heat recovery............

Number of stages of heat reject..............

Steam requirements, Btu/hr...................

Deaerator design

Number of spray stages...................
Water flow, lb/hr/ft2 . . . . . . .. . .. . . . . . . . . .

Steam required, lb/100 lb feed...........
Makeup water flow per train, lb/hr.......

Brine tray design
Maximum flow lb/hr ft or width...........

Number per train.........................

Width, top tray, ft......................

Width, bottom tray, ft...................

Stage design
Stage length, recovery...................
Stage length, reject.....................
Submergence loss, OF.....................

Pumps and drives (all pumps are vertical dry-
pit-type centrifugal pumps)

Brine recycle

Number of pumps........................
Flow per pump, gpm.....................
Pump head, ft..........................
Type of drive..........................
Brake hp...............................

567 L X 420 W x 24 H
920 L x 1920 W

12.8

250 to 102

2.0

Concrete and steel

4 at 250 mgd each

10

2

303

48

2

26.8 X 109

2
20,000
0.0033
172.25 X 106

1,000,000
2
27.33 (high temperature)
31.33 (low temperature)
36 (high temperature)
42 (low temperature)

8 to 13 ft
42, 28 ft
o.8 to 2.4

16
330,000
160
Synchronous motor
17,000

73



Table IV-4. -Concluded. Summary of MSF Plant Parameters

Pumps and drives (cont'd)

Deaerator feed
Number of pumps .....
Flow per pump, gpm..
Pump head, ft .......
Type of drive.......
Brake hp............

Product water
Number of pumps.....
Flow per pump, gpm..
Pump head, ft.......
Pump speed, rpm.....
Type of drive.......
Brake hp............

Blowdown
Number of pumps .... .
Flow per pump, gpm..
Pump head, ft.... ...
Type of drive.. .o. ..
Brake hp............

8
167,000
25
Synchronous motor

1,500

8
86,ooo
120
450
Synchronous motor

3,500

8
86,ooo
42
Synchronous motor
1,250

Evaporator Evaporator Brine

recovery reject heater

Tube material.................. .. 90:10 CuNi 90:10 CuNi 90:10 CuNi

Velocity, ft/sec................4.5 5 4.5

OD and wall, in.................0.75 x 0.035 0.75 x 0.049 0.75 x 0.035

Tube life, yr................... 30 30 30

Overall U, Btu/hr-ft2 . . . . . . . . ... . 591 461 660

Fouling factor..................0.0005 0.0007 0.0005

Surface area, ft2 X 106.........98.3 6.1 4.2

Tube length, ft................ 250, 225 70 21

No. of tubes....................1,055,000 446,000 1,060,000

No. of tube bundles/stream.......4 2 4

Brine temp., in-out, F........ 239.9 to 250

Steam temp. leaving turbine, OF 260

Steam flow, Btu/hr............. 26.8 x 109
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The schedule of development which supports both the first plant and the
advanced plant is shown in a following section of this chapter.

Advanced Plant Application

In the evaporator technology which could be considered applicable to a plant
built in 1985 to 1990, it was assumed that the vertical-tube evaporation (VTE)
process would have reached a level of development such that it could be applied
to very large desalting plants. The VTE process has certain inherent advantages
over the multistage flash (MSF) process based on the present-day stage of
development. These advantages are summarized as follows:

1. Higher theoretical thermodynamic efficiency which makes greater
temperature-driving forces available.

2. Possibility of high-flux heat-transfer systems using evaporator tubes
with new geometries.

3. Decreaed puanping pwer and higher blowdown concentrations.

The status of the present state-of-the-art of the VTE process is such that at
the p -dVTE plant is in operation on an experi-

mental basis and a like-size plant is being built in the Virgin Islands. Data from

both of these operations will aid in establishing large-plant VTE-process design
criteria. A VTE test will be placed in operation in 1969. This will employ 10-

foot x 10-foot-tube bundles and MSF evaporation for brine heating. This test

vessel is also planned to form the first effect of a VTE module. The con-
struction of this module is planned for completion in mid-1970.

In addition to the choice of the VTE process for advanced plant application,

certain assumptions were made relative to operating conditions and capital
operating costs. At present, plans are underway to improve plant economics by

extending the top operating temperature of distillation plants to 350 0 F. The

possibility of going to this temperature rests on the suitability of water pre-

treatment systems so as to prevent scale formation. Three processes-the

lime-magnesium carbonate process, the ion exchange process, and the carbon

dioxide suppression-calcium sulfate seed process-may allow raising the

temperatures to between 3000 and 350 0 F. The present method of sulfuric acid

pretreatment is not amenable to preventing scale at these temperatures. In

view of the fact that competitive pretreatment processes are under consideration

without firm data in hand for large plant application, it was assumed that the

maximum brine temperature for this plant would be 300 0 F. Because cost data
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for advanced pretreatment systems has also not been developed, it was assumed

that the cost of water pretreatment at these temperatures was the same as that

now obtainable for acid used for low-temperature operation (250 0 F).

It should be noted that the VTE process assumed for advanced plant application
uses MSF for brine preheating. The incorporation of the MSF concept with VTE

for this purpose tends to improve system thermal efficiencies and to enhance the

water delivery rate.

In relation to the structural considerations for the advanced plant, it was
assumed that a reinforced concrete-and-steel structure would be used for those
plant stages operating at temperatures up to 250 0 F. Above this temperature,

an all-steel structure would be employed. Figure IV-7 presents the general
configuration of an evaporator for the VTE plant illustrating both the high-
temperature and low-temperature ends of the plant.

Improved heat-transfer surfaces typified by double-fluted vertical tubes
were used in the VTE portion of the plant and spirally grooved tubes for the MSF
portion. Heat-transfer coefficients up to approximately 1, 500 Btu/hr-ft 2 _OF
were assumed for the VTE section and about 1,150 Btu/hr-ft2 -OF for the MSF
portion. These factors are less than those which have been obtained using
present experimental apparatus. This conservative assumption was felt reasonable
in light of the fact that full-scale component hydraulic and thermodynamic tests
have not been undertaken.

A comprehensive review of materials to be used in heat exchange sections
of the advanced plant was carried out. There are a number of materials that

could possibly be used, depending on the final selection of a pretreatment system

and the result of tests that are planned or are underway. It is entirely possible
that aluminum will become a practical evaporator material. Aluminum tubes
would reduce heat exchanger costs to about 40 percent of those predicted for
90:10 copper-nickel, based on cost levels in 1967. It has also been found that
titanium tubes having very thin gauges can be incorporated in evaporators.
Depending on the production quantities and the minimum wall thickness used, it
may be that titanium could show definite promise for reducing evaporator costs.
Also, development of ferrous-based tubing having c 'on-resistant cladding or
coatings is a possibility. This is especially true if line magnesium carbonate
scale-control method was used. In order to estimate the tubing costs associated
with the plant, the costs of 90:10 copper-nickel tubes were used. Such an
assumption may be conservative in light of materials development work underway.
When more comprehensive design data become available on cheaper long-life
replacement materials, these data will be factored into the design assumptions.
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Table IV-5 presents the basic plant parameters for the dual-purpose advanced
plant. As in the case of the MSF system, four desalting trains of 250 mgd
(11 m3 /sec) were used. There are four streams per train and 16 effects per
stream. There are 45 stages in the MSF preheater portion of the plant, cover-
ing a temperature range from 3000 to 112 0 F. The steam temperature to the
brine heaters is 310 F and 13. 6 pounds of water are produced per 1, 000 Btu
used.

It has been originally assumed, as noted previously in this report, that for
each bgd of water produced there also would be a production of about 2, 000 MW
of electrical power. However, with the addition of increased water delivery
from additional plants, there may be less need for the additional amounts of
electric power normally available from these plants. With this in mind, a
survey was made of evaporator designs for achieving high water-to-power ratios.
Two general approaches were investigated-high-temperature evaporators and

vapor-compression evaporators.

In relation to the use of high-temperature evaporators, figure IV-8 has been
developed to illustrate the effect of decreasing the ratio of power-to-water output.
As temperature is increased above the assumed 300 0 F maximum temperature,
evaporator efficiency improves while the cost of water remains fairly constant.
A plant operating at 3250 F would have a performance ratio of 15. 5 pounds of

water produced per 1,000 Btu of steam used compared with 13.6 pounds per
1,000 Btu of steam used for the 3000 F plant. For this increased temperature
condition, using only back-pressure steam from a fast breeder reactor, the net
electric power would be approximately 1. 5 MWE per mgd of water. Additional
water would be produced by increasing the evaporator temperature further if
that were feasible, or by bypassing prime steam from the nuclear system to the
evaporator. This type of desalting process would evolve into a water-only plant
if mainly prime steam were supplied to heat the evaporators, the only power
generation being for station pumping. The economics projected by figure IV-8
indicate that the cost of water from a water-only plant would be about 12 percent
greater than that from an optimized dual-purpose plant because the higher cost
of prime steam relative to that of exhaust steam. It should be emphasized that
this modest cost penalty reflects the advantages to be gained both from the low-
cost heat produced by advanced breeder reactors and the high efficiency to be
achieved with advanced evaporators. Near-term, water-only plants lack these
advantages and the water from them would be relatively more expensive than
that from near-term dual-purpose plants.

The other approach to water-only plants accepts the vapor-compression
process. If vapor-compression evaporators were used, it would not be necessary
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Table IV-5. -Summary of Advanced Evaporators Parameters

Evaporator dimensions, ft................
Water plant plan, ft.....................

Performance ratio, lb/1,000 Btu ..........
Steam temperature, F ....................
Brine temperature range, F..............

Concentration ratio......................
Shell construction.......................

Number of trains..............
Streams per train.............
Upper level...................

Lower level...................

Power requirements, MWE.......

Number of effects, VTE........
Number of stages, preheater...

Steam requirements.......................

283 L X 1,580 W X 26 H
600 L X 2,000 W

13.6
310
200 to 112

2.5
Concrete and steel

14
4
VTE
MSF preheater

179
16

45

25.3 x 109 Btu/hr

VTE MSF Condenser

Evaporator tubes

Material...................90:10 CuNi 90:10 CuNi 90:10 CuNi

Velocity, ft/sec..........4.5 5

Type tube..................Double-fluted Spiral-groove Spiral-groove

OD, in..................... 1 to 3 0.875 0.75

Wall, in...................0.035 0.035 0.0149

Tube life, yr.............. 30 30 30

Overall U, Btu/hr-ft 2 _F.. 805 to 1,1485 807 to 1,160 684

Surface area, ft2 . . . . . . . . . 23,000,000 8,900,000 1,770,000

Max. submergence loss at

100 F ................... 1.5
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to increase brine temperatures above 300 0 F, and possibly an even lower maximum
temperature would be desired. Prime steam from the reactor would be expanded
through turbines coupled to large vapor compressors. The compressed steam
would heat several vertical effects, while the feed heating would be done in a
MSF evaporator. The water costs are expected to be comparable with those
with high-temperature evaporation.

It should also be noted that the incorporation of 1-bgd (43.8 m3 /sec)
increments into the water system may dictate a number of such plants at one
particular site. The advantages of grouping these plants into a complex are:

1. Decrease in intake and outfall unit costs.
2. Decrease in unit conveyance costs.

3. Decrease in unit operation and maintenance costs.

4. The possibility of reducing nuclear fuel costs by inclusion of an onsite
fabrication and/or reprocessing plant.

5. Reduction in overall construction cost by use of onsite tubing plants or
other shared facilities.

6. Decreased unit construction costs.

7. The increased flexibility due to the fact that interruption of a single plant

operation would not shut down the total complex water and power delivery.

The siting of more than a single plant having a capacity of 1 bgd (43.8 m3/sec)

per day at a particular location is dependent on a number of factors. The most
important of these is the requirement for minimum cost of both power and water
to prospective users. Detailed engineering and economic analyses encompassing
a long-range development program are required in relation to the demands for
water and power coupled with the conveyance and distribution systems to meet

these demands. It may be that separate locations are required for the plants to
achieve minimum cost levels. This can only be determined through further study.

FUTURE TECHNOLOGICAL DEVELOPMENT

The evaluation of desalting technology applicable to plants having delivery

rates of 1 bgd (43.8 m3/sec) per day is keyed to a requirement for large-
component developmental facilities. Facilities of this type (such as the San Diego

test module) have been constructed in support of MSF technology for plant sizes of
150 mgd (6.6 m3 /sec) wherein 50-mgd (2.2 m3 /sec) desalting trains are employed.
However, with flash plants of 1-bgd using 250-mgd (11 m3/sec) trains, the re-
quirement exists for improvements in technology associated with large evaporator
structures, tubing and tube bundle design and fabrication, pumps, and deaerators.
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In addition, large vertical-tube evaporators employing MSF preheating require
technological development of concepts which are now in the preliminary design
stages. These systems also dictate major component development, particularly
in the areas of structures, heat-transfer surfaces, and hydraulic systems.
Since higher operating temperatures are contemplated for advanced evaporators,
there is also the urgent need for full development of acceptable scale-control
methods. Throughout the evaporator development program there is also the
continuing need for lower cost materials in all major plant components.

On the basis of the aforementioned needs, a preliminary schedule of required
technological development has been evolved (see figure IV-9). This schedule is
based primarily on the requirement for major component developmental facilities
and the assumption that large prototype plants (of the order of 100 to 150 mgd

(4.4 to 6. 6 m3/sec)) could be considered as extensions of these facilities to
develop design data for 1-bgd (43.8 m3 /sec) plants. It would be possible to employ
design data and lessons learned during construction of the first 50-mgd train in
the design phase of the first 1-bgd (43.8 m3 /sec) plant.

The assumption of a VTE prototype plant having an on-stream date of 1979
is predicated on a need to have a large combined VTE/MSF module operating in
early 1971. From operation of this module, sufficient data should be available to
initiate prototype plant design in mid-1973. This prototype plant would aid in the
development of data for design of the advanced dual-purpose desalting plant.

Of special importance is the need for the determination of optimum use of
distilled water for agriculture. To develop such data, it may be desirable to
have an experimental farm established in the early 1970's. From the viewpoint
of development, a single-purpose desalting plant having an output of 5 to 10 mgd
(0. 2 to 0.4 m3 /sec) could be employed to supply water. This plant could possibly
contribute to the development of technology applicable to water-only plants.
Because water-only plants may be desired to meet demands in the region under

study during the latter phases of the long-range major plant program, it is
assumed that a large test module applicable to water-only plants would be built
by the early part of 1976. In turn, it is assumed that design of a large water-
only prototype plant would be initiated in 1978 with construction completed in the
mid-1980's. This plant would have a delivery rate of the order of 100 to 200 mgd

(4.4 to 8.8 m3/sec) and could be employed for municipal supply purposes for a
major city.

In addition to the scheduled or assumed desalting plants and facilities noted,
there is a need for a major facility for the development of components applicable
to large plants and the continual cross-feeding of test data into the planning for
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ASSUMED SCHEDULE FOR FACILITIES AND PLANTS FOR DESALTING TECHNOLOGY DEVELOPMENT

CALENDAR YEAR

68169{70171 72 73174175[76177178 79 80
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such plants. A large-component test module could be planned for operation in
1972 to meet this need. This module would be necessary for the development

of components on a systems basis in that the actual operating environment would
be used. Various feed-treatment schemes could be employed to establish the
recommended system for 1-bgd (43.8 m3/sec) plants on both a technical and
economic basis. Materials tests (in terms of complete assemblies or components)
would be conducted in situ. Structural design assumptions in such areas as
pressure vessel integrity; stress levels during start up, shutdown, and normal
operation; and thermal gradients in major structures could also be determined.
Pump development by operation in conjunction with the complete hydraulic
system is also afforded by the large-component test module.

It should be noted that the schedule shown in figure IV-9 is dependent on
major decisions relative to developmental facility funding and assumed large
plant construction. It may be desirable to accelerate the effort shown in 1970
to 1974 so that design data could be evolved at an earlier date.
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Chapter V

LOCATION

GENERAL

In the initial studies of the area surrounding the northern reaches of the Gulf
of California, seven sites for the desalting plant complex were considered along
the east and west coast of the Gulf of California from Puerto Peniasco on the east
coast to San Felipe on the west coast (see fig. V-1). The sites were:

1. Near Puerto Penasco.
2. Near El Golfo de Santa Clara Santa Clara (two locations).*
3. Near San Luis Rio Colorado on the U. S. -Mexican border. *
4. Near Mexicali on the U. S. -Mexican border at the northern end of the

Laguna Salada.
5. Near San Felipe.
6. South of Riito.
7. Southeast of Sierra del Mayor.

The sites near Puerto Penasco and San Felipe were rejected for economic
reasons. The extremely long product water canals from either site resulted in
high product water costs at delivery.

The site near Mexicali on the U. S. -Mexican border was rejected after further
consideration because of economic reasons and site geology.

The site near El Golfo de Santa Clara was selected for further study be-

cause of its lower cost in relation to other sites. Actually, two sites in the
Santa Clara region were studied; one about 12 miles southeast of El Golfo de
Santa Clara and one about 15 miles to the northwest of it. The site near San

Luis on the U. S. -Mexican border was also retained for further study because

of advantageous cost considerations.

*Sometimes referred to herein as simply Santa Clara or San Luis sites.
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Although an analysis was made to obtain capital and operating costs for con-

veyance and distribution of water from the plant near Riito (see app. V-A), no

detailed data on product water and power costs were developed. It was felt that

such costs associated with plants at Santa Clara and San Luis would bracket those
for a Riito site.

The siting of a plant southeast of Sierra del Mayor dictates an expensive sea-

water intake and conveyance system. One approach to providing sea water to the
plant was to dredge an intake channel through the large tidal flats. This channel

was extended far enough into the gulf to obtain relatively clean water for the de-
salting plant and was sized to handle the extreme fluctuations in the tide (approx-
imately 30 ft (9. 2 m)). Channel length was approximately 30 miles (54 km). It

was felt that the cost of dredging and maintaining this channel was not warranted.
A second approach to providing sea water to the Sierra del Mayor site was to con-

sider an intake canal built above the high tide line with the beginning of the intake
canal southward from the salt flat region. However, this required a sea-water
intake located near San Felipe, thus resulting in a very expensive conveyance

system between intake location and plant site. For the foregoing reasons, the
Sierra del Mayor site was dismissed from further consideration.

It should be noted that the routing of the intake and conveyance systems shown
herein for the San Luis and Santa Clara sites was based on actual surveys made by
team members and supporting staffs. These surveys were made to obtain the op-
timum routing to delivery points in terms of overall system costs. A survey was
also made to the Riito site.

Included in subsequent sections of this chapter and in appendix V-A are data
relative to the location and construction of the sea-water intakes and intake

canals, brine canals and brine outfalls, and product water conveyance systems.

Consideration is also given to the electrical system which supplies power to the
pumping stations. Because of its importance, a short discussion of the seismol-

ogy of the region has been included. Supporting data for the information pre-

sented in this chapter such as meteorology, geology, oceanography, ecology, and
water conveyance cost summary are included in appendix V-A.

SEISMOLOGY

The prominent fault system in the Colorado delta area, Gulf of California,

and the Sonora Mesa area in Mexico is, for the most part, an apparent extension
of the San Andreas fault system in California. The branches of the San Andreas

fault system in Mexico are the San Jacinto, Imperial, Banning Mission Creek,
and Algodones faults. They are located in the delta and Gulf of California, along
the western edge of the Sonora Mesa, and along the eastern edge of the Altar
Desert. The general trend of this fault system can be traced on the epicenter
map (fig. V-2).
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The San Andreas fault is the locus of the most intensive seismic activity in
the United States and Mexico. Bieher et al. 1 state: "In terms of minor and
moderate-sized earthquakes, the Salton trough has been the most seismically ac-
tive part of California and adjacent Mexico within historic time, although no truly
great earthquakes have been reported from here. " Coast and geodetic surveys
indicate that shear strain is continually building up in the Imperial Valley segment
of the Salton trough and that calculations of strain release versus strain accumu-
lation suggest that the northern end of the Gulf trough is an area of relatively fre-
quent, moderate-sized earthquakes. Allen et al. 2 have stated that "The San
Jacinto fault is the only break within the San Andreas fault zone in this region
that is clearly delineated by a series of moderate-sized earthquakes along most
of its length during the past 50 years. "

It is essentially impossible at present to predict future activity of fault zones
on the basis of seismic records. In many respects, the geologist is better able
to evaluate long-term seismic trends from geologic records since these records
are over a long-time span, while seismic records cover a relatively short time.
Based on past geologic evidence of the Banning Mission Creek and Algodones
faults in the Yuma area in Arizona and the Altar Desert area, Sonora, Mexico,
future tectonic activity in the eastern part of the Sonora Mesa should be less
when compared with the western area in which the San Jacinto and Imperial faults
are located. It should be emphasized, however, that much of the Altar Desert is
covered by active dune sand and that any surface evidence of faulting in this area
may be destroyed.

ECOLOGY

Under the present ecological conditions, the species which exist in greater
proportion are those which are usually associated with tropical fauna. The com-
munities of sea life which will be affected by the brine outflow from the desalting
plant belong to the shallow water and the coastal zones. It can be said that, in
general, the shallow water zone of the northern region of the Gulf of California
is used as a refuge for many young fish species. The dilution of the brine outflow
from the desalting plant which will reach the shallow water zones will depend on
the intensity of the existing water currents.

1Biehler, S.; Kovach, R. L.; and Allen, C. R.: "Geophysical Framework of
Northern End of Gulf of California Structural Province, " In "Marine Geology of
the Gulf of California Memoirs 3, American Association of Petroleum Geologists"
p. 128, 1964.

2Kovach, R. L.; Allen, C. R.; and Press, F.: Journal of Geophysical Research,
vol. 67, no. 7, p. 2848, July 1962.
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If the brine is released at 390 C (102 F) temperature and with 40, 000-ppm
salinity, as it is expected, the influence on marine life will be minimum.

DESCRIPTION OF DESALTING PLANT SITES AND RELATED CONVEYANCE
SYSTEMS (SITES NEAR SANTA CLARA, SONORA; SAN LUIS, SONORA; AND
RIITO, BAJA CALIFORNIA)

The major civil engineering features of these alternative studies are so

closely related that they will be discussed jointly. All of the studies made for
these sites use sea-water intake facilities near Santa Clara or near Rincon del
Burro. For the sea-water intake located near Santa Clara, the conveyance sys-

tem follows the beachside route and for the sea-water intake located near Rincon
del Burro, the conveyance system follows the highline route.

The beachside route extends northwestward along the coast of the Gulf of

California near Santa Clara to a point near the mouth of the Colorado River and
then northward to San Luis.

The highline route extends inland from the coast of the Gulf of California

near Rincon del Burro and then northward to San Luis.

The beachside route was considered in the initial studies and a more detailed

study of this route is included in this report. With the numerous faults in evi-
dence along the coast of the Gulf of California, it was concluded that an additional
route should also be considered-one which conveys the sea water through the
known faulted area with as short a reach of canal as possible. The highline route

accomplishes this and was studied with equal attention to details for comparative
purposes.

Layout drawings, construction costs and operation, maintenance, and replace-
ment cost estimates are included in appendix V-A for the conveyance system and
desalting plant site preparation for the 1-bgd (3. 8 million m3 /day) schemes listed
in the following paragraphs.

A detailed development was not prepared for the 5-bgd (18. 9 million m3 /day)

desalting complex because of the uncertainty of its definition. This scheme may
be developed as a single complex or may be developed as a series of smaller
complexes along the Gulf of California. Construction costs and operation, main-
tenance, and replacement costs have been included in appendix V-A, and are based
on a single 5-bgd (219 m 3 /sec) complex with the same plant locations and convey-
ance system alinements as used for the 1-bgd (43. 8 m3 /sec) desalting plant
studies.
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Scheme I-Desalting Plant Site Near Santa Clara

Study I-A Highline Route-Intake Near Rincon del Burro

(see fig. V-A-13 in app. V-A)

The sea-water intake pumping plant is located about 12 miles (19.3 km) south-

east of Santa Clara on the coast of the Gulf of California. The sea-water convey-
ance extends inland in a northeasterly direction for approximately 2 miles (3. 2

km) to the desalting plant site. The product water conveyance extends northward

from the desalting plant to a point near San Luis. Half of the product water is

conveyed to this point for distribution to the United States, and the other half is

taken near the plant site by Mexico. The brine outfall conveyance parallels the

intake canal to the pumping plant, then diverges from the intake lines for approxi-

mately 1. 5 miles (2.4 km) to the Gulf of California.

Study I-B Highline Route-Intake Near Rincon del Burro

(see fig. V-A-14 in app. V-A)

This arrangement is the same as in study I-A except that the total product

water is conveyed to a point near San Luis for further distribution to the United

States and Mexico.

Study I-C Beachside Route-Intake Near Santa Clara

(see fig. V-A-16 in app. V-A)

The sea-water intake pumping plant is located approximately 2 miles (3. 2 km)

southeast of Santa Clara on the coast of the Gulf of California. The sea-water
conveyance runs northwestward along the coast and salt flats for approximately 17
miles (27. 4 km) to the desalting plant site. The product water conveyance ex-
tends northward from the desalting plant to a point near San Luis. Half of the
product water is conveyed to the United States, and half is taken by Mexico near
the desalting plant. The brine return is conveyed directly to the salt flats near
the mouth of the Colorado River.

Study I-D Beachside Route-Intake Near Santa Clara
(see fig. V-A-17 in app. V-A)

The arrangement for this study is the same as in study I-C except that the
total product water is conveyed to a point near San Luis for further distribution to
the United States and Mexico.
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Scheme II-Desalting Plant Site Near San Luis

Study II-A Highline Route-Intake Near Rincon del Burro

(see fig. V-A-15 in app. V-A)

The desalting plant site is located 5. 5 miles (8. 9 km) east of San Luis on the
U. S. -Mexican border. The sea-water intake pumping plant site location and sea-

water canal alinement are basically the same as shown in studies I-A and I-B.
The brine outfall from the desalting plant will be conveyed by lined canal along the

easterly edge of the Colorado River flood plain and will discharge into the Colorado

River at the edge of the salt flats.

Study II-B Beachside Route-Intake Near Santa Clara
(see fig. V-A-18 in app. V-A)

The desalting plant site is located 5. 5 miles (8. 9 km) east of San Luis on the

U. S. -Mexican border. The sea-water intake pumping plant site location and sea-
water canal alinement are basically the same as shown in studies I-C and I-D. The
brine outfall conveyance is the same as shown in study II-A.

Study III-Desalting Plant Near Riito-Intake Near Santa Clara

(see fig. V-1)

The plant site for the area near Riito will be located near the Sonora-Baja

California railroad line approximately 28 miles (45 km) south of San Luis Colorado

(see appendix V-A).

From the seashore a canal 12 miles (20 km) long will convey 4.2 bgd (184
m 3 /sec) of sea water to the desalting plant through a pumping station.

The product water from the plant will be pumped again and conveyed by two

pipelines, each having a capacity of 4. 8 bgd (21 m3 /sec).

This twin-line will be 12 miles (20-kilometers) long and will reach a single

canal having 1 bgd (43 m 3 /sec) capacity. This canal will arrive at a distribution
point from which the U. S. portion can be conveyed to San Luis. The Mexican por-
tion will be sent to a reservoir near the South Pacific railroad line by means of a
24-mile (38 km)-long canal.

DESALTING PLANT SITE PREPARATION

The site layouts for the desalting plant near Santa Clara and San Luis are
basically the same for all schemes studied.
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The grade elevation for each of these sites has been determined by balancing

canal and site excavation with pumping costs. The elevations used for the canal

and site will provide sufficient head to move the sea water from the canal into the

desalting plant system without the use of additional pumps.

Fencing will be placed around the site for security purposes and will enclose

the exclusion area required for the nuclear reactors, which is approximately 230
acres (93. 1 hectares).

Suitable access roads to the site will be provided for construction and main-

tenance purposes. Railroad spur lines will be brought into the site near Santa

Clara from the Sonora-Baja California Railroad. A railroad spur line from the

Southern Pacific Railroad in the United States will service the desalting plant site

on the border east of San Luis.

Construction costs for site preparation include the cost for roads, railroad
spur lines, and excavation to finished grade. No costs are included in the site
preparation for the desalting complex facilities. All data shown herein are based

on January 1967 prices.

REACTOR SITING DISTANCES

The U. S. Atomic Energy Commission (AEC) has set forth a number of factors

which were considered by the AEC in the evaluation of reactor sites and are the
general criteria used at this time as guides in approving or disapproving pro-
posed sites. Because Mexican criteria are similar to those of the AEC, the cited
criteria were used in this study.

Two light-water reactors, each with a thermal capacity of 5, 000 tmw, are

being considered for the 1-bgd (3. 8 million m 3 /day) desalting plant installation.
The reactors were assumed to be independent to the extent that a malfunction in

one would not initiate an accident in another. The exclusion area, low-population
zone, and population center distance were determined for each individual reactor.

Single containment for the reactors was also assumed.

Analysis indicates that-aradius of 0. 27 miles (0.44 km) for the exclusion

area, a radius of 3. 97 miles (6.39 km) for the low-population zone, and a radius
of 5. 3 miles (8. 53 km) for the population center distance will adequately meet the
requirements set forth by the AEC. These distances are based on present

technology and criteria used for reactors which have recently been issued licenses
by the AEC.

CONTROL OF MARINE BIOTA

Sea water will be chlorinated as it enters the intake conduits at the intake

structure and at as many points as necessary to kill living organisms which would

94



otherwise thrive in the environment created by continuous sea-water flow. The
injection system will provide adequate mixing and distribution before the sea
water reaches the end of the arsenical-admiralty lining, which is installed to
prevent the attachment of organisms that may still be living at that point in the
lines.

Chlorination capacity will be sufficient to inject approximately 3 ppm inter-
mittently, with units sized to efficiently inject lower concentrations continuously.
Chlorine quantities required to provide a 3. 2 ppm injection for 6 3/4-hour periods
per day, or the equivalent of 0. 6-ppm continuous injection, is approximately
22, 000 pounds per day (10, 000 kg/day).

Chlorine will be delivered to the nearest railroad point to the intake pumping
plant by tank car and transferred to truck-mounted tanks for delivery to chlorina-
tion stations. Storage will be in railroad tank cars. Sufficient truck-mounted
units will be provided to station one unit at each chlorination station while other
units are being refilled from storage.

The needed chlorine could also be provided by an electrolytic system de-
signed to generate chlorine directly in the incoming sea water.

New biocidal materials other than chlorine may ultimately prove more useful
for systems of this size and will be considered in future work.

PRODUCT WATER TREATMENT

The addition of calcium carbonate will passivate the product water to both
metal and concrete. Exposure to a limestone bed would allow solution of 16 to 18
ppm calcium carbonate. Additional calcium carbonate, if required, could be
supplied with water-slaked lime injection. If the gas-removal system of the dis-
tillation plant provides product water with a high carbon dioxide content, this
stream could be separately piped to the passivation site and used to promote addi-
tional solution of limestone as calcium bicarbonate.

Injection of water-slaked lime and carbon dioxide is another possibility.
Calcium bicarbonate, which is much more soluble than calcium carbonate, would
be the passivation agent. This method would allow good passivation control but
would be more expensive than the use of limestone.

Investigations being carried on at the Freeport, Texas demonstration plant
give preliminary results indicating that sodium silicate, injected at a rate of 2
ppm as silicon dioxide, produces a passivated product water with low corrosion
rates to metals. However, a minimum calcium concentration is required to en-
able this material to form a protective film. The value of sodium silicate addition
to passivate the product water to concrete is presently uncertain.
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PASSIVATION FACILITIES

A firm recommendation for water passivation will be dependent on site selec-
tion and passivation agents available at reasonable cost. Passage of the product
water through a limestone bed for an estimated pickup of up to 20 ppm calcium
carbonate, followed by injection of 2 ppm of water-slaked lime is used in the es-
timate for this study.

Product water is evenly distributed to five cylindrical tanks, each about 85. 1

feet (25. 9 m) in diameter and 15-feet (4. 6 m) deep. Water flows upward through
the basin, which is packed with 0. 25-inch (0. 64 cm) limestone particles, over-

flows to the product effluent pipe where slaked lime is injected and then flows into
the product water canal. This system is similar to the treatment equipment at
Point Loma I.

Limestone requirements are estimated at 50 percent above the 20-ppm solu-
tion rate, or about 120 tons per day (108, 900 kg/day). Water-slaked lime, or
quicklime, requirements are estimated at about 17, 000 pounds (7, 711 kg) per
day.

LIMESTONE DEPOSITS

A preliminary investigation of limestone deposits believed of sufficient quan-

tity disclosed three deposits. The closest deposit is near Mexicali, Baja Cali-
fornia. Other deposits are near Ajo, Arizona, and near Hermosillo, Sonora.

Data on the quality of the deposits are not available and will require additional
investigation.
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Chapter VI

SYSTEMS AND ECONOMICS

GENERAL

To establish the costs of water and power as produced by a nuclear dual-
purpose desalting plant, it is necessary to consider the complete plant system
including onsite works, intake and brine disposal systems, product water con-
veyance, and power transmission systems. In addition, because product costs
are also dependent on financial requirements during the period of construction,
schedules for construction were prepared.

With the foregoing in mind, complete system concepts and schedules were
developed for both the near-term and advanced plants, and costs of power and
water to the users were determined. Economic data were developed for the San
Luis Rio Colorado* site and two sites in the vicinity of El Golfo de Santa Clara.*
Although capital costs for water conveyance for the Riito site are given in ap-
pendix VI-A, no data relative to water costs were developed. It was felt that the
water cost for the Riito site would be between those of the San Luis and Santa
Clara sites.

Economic analyses of the dual-purpose plants were based on 4-, 6-, 8-, and
10-percent fixed charge rates since the basis for capital borrowing may vary
both with time and the method of financing. It should be noted, however, that all

costs were based on 1966 to 1967 price indices. No attempt was made to include

the effects of price changes with time for either the near-term or advanced plants.

It is realized that such changes will probably occur. However, the basis for such

increases in cost cannot be established because of fluctuations which have taken
place over the past few years resulting from the demand and supply situation and

other market factors.

Note: All costs shown herein are $U. S. unless otherwise indicated.

*Sometimes referred to herein as simply San Luis or Santa Clara.
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The costs of reactor and the desalting plant components were determined

considering U. S. construction. Because of shipping charges and other costs re-

lated to construction either in Mexico or at a border site, the costs shown may

be slightly low. This can be determined only through a more detailed analysis.

The costs of civil works associated with the sites were based on Mexican con-

struction. These are considered realistic in terms of the possible labor force

which would be used for such works.

To illustrate the effect of conveyance and transmission on both water and

power costs, data are presented separately herein for the following component

costs as a function of fixed charge rate:

1. Water costs (excluding sea-water intake, brine outflow, and product

water conveyance systems).

2. Power costs (excluding transmission of marketable power).

3. Water costs due to sea-water intakes, intake canals, brine outfalls, and

outfall canals. Pumping station costs are also included.

4. Water costs due to product water conveyance.

5. Power costs due to transmission of U. S. power allotment from the Santa

Clara sites to the U. S. border.

By use of the aforementioned data, it is possible to determine total costs of

either water or power to receiving points as a function of both plant location, and

product destination. In the case of the advanced plant, data for onsite water and

power costs are presented on the basis of energy costs for both the initial produc-

tion breeder reactors and for those associated with the 1995 time period. This

was done to illustrate on a preliminary basis the potential of projected advance-

ments in the reactor state-of-the-art. Since water requirements as shown in

chapter II call for additional plants, the potential for decreasing product costs as

advanced plants go on-stream can be seen.

Because the value of distilled water to the user may be greater than that of

the present source, an attempt has been made to generally recognize the potential

benefits of improved quality. This analysis has been based on limited data avail-

able from the United States, Mexico, and other countries. It does indicate, how-

ever, that distilled water may have a benefit over natural supplies, and that users

may be willing to pay a higher price for such "new" water. To establish firmly

what that price may be, a concerted effort must be made, especially in the field

of agriculture, to determine both short- and long-term benefits from the use of

distilled water.
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SYSTEMS CONCEPTS

Figure VI-1 presents an artist's concept of the first 1-bgd (43. 8-m 3 /sec)
dual-purpose desalting plant. The plant includes two 5, 000 tmw light-water re-
actors and a 1-bgd multistage flash evaporation desalting plant consisting of four
250-mgd (11-m3 /sec) trains rectangular in planform. The complete water plant,
including the brine heaters, is approximately 900 feet (272 m) long, 1, 900 feet
(580 m) wide, and 24 feet (7.3 m) high.

As an example of the method of handling water both to and from the plant, the
southern Santa Clara site near Rincon del Burro can be considered. Sea water is
taken from the Gulf of California through three intake structures located on the
floor of the ocean about 3, 500 feet (1, 070 m) from the shoreline. Each structure
is connected to 18-foot (5. 5-m) diameter intake pipes. These pipes are carried
underground to the pumping plant located about . 6 mile (1 km) inland. Prior to
the pumping plant, three surge reservoirs are provided. The discharge sea
water is raised approximately 150 feet (46 m) through six 12-foot (3.7 m) diameter
lines to the intake canal. The ground area which includes the reactors, desalting
plant, turbine structures, and auxiliaries is located approximately 50 feet (15. 2
m) below the surface level of the intake canal. This allows gravity flow of sea
water from the canal through buried 13-foot (3. 9 m) diameter concrete pipes into
each desalting train. Traveling water screens are provided prior to water entry
into these pipes.

Product water is raised from the desalting plant approximately 75 feet (22. 9
m) to a canal where it flows by gravity to the major distribution points. The
product water depth in the trapezoidal-shaped canal is approximately 9. 5 feet
(2. 9 m) with a velocity of 2. 8 feet (0. 9 m) per second. Width of the canal at the
water surface is approximately 48 feet (21 m). A preliminary analysis of evapor-
ation rates has indicated that less than half of 1 percent of product water will be
lost in evaporation during canal transit. Other conveyance losses would be small.

The gross electrical power output from the plant is about 2, 200 MW. For
plant use and for pumping, a total of approximately 500 MW is required, resulting
in a net marketable power of about 1, 700 MW. Of this total, 600 MW would be
used by Mexico and 1, 100 MW is carried north to a border site for the tie-in with
U. S. transmission systems. Data are presented in appendix VI-A for the plant
and pumping power requirements and the allocation of net marketable power from
plants located at other sites.

The overall appearance of the advanced plants would be much the same as the
major features of the plant for 1980 as illustrated in figure VI-1. No major dif-
ferences are contemplated in the civil works and it is assumed that two reactors
would be employed for each 1-bgd plant. However, because of the employment
of the vertical tube evaporation process with multistage flash brine heating
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Figure VI-1. -Artist's Concept of the First 1-bgd Plant.
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(VTE/MSF) in the advanced plant as compared to multistage flash (MSF) only for
the 1980 plant, the water-plant geometry will vary. The result is a total water
plant (with auxiliaries) about 600 feet (183 m) long and 2, 000 feet (610 m) wide.
The employment of the VTE/MSF plant will result in decreased sea-water feed
requirements, consequently there will be some reductions in intake pumping
power, which, in turn, will result in increased marketable power from the palnt
(see app. VI-.A).

SCHEDULE

An illustrative schedule for erection of a 1-bgd (43.8 m 3 /sec) 2, 000 MWE
plant is shown in figure VI-2. The time 0 refers to the time decision to proceed
with available funds. The total schedule assumed may be too long by a year or
more, because construction periods for all components are considered conser-
vatively estimated.

It should be noted that the schedule shown in figure VI-2 is assumed to
apply to either the first-phase plants (1980) or the advanced plants (1990)
with the exception that the advanced plant schedule may not require some
of the site work if additional plants are located at the same site. With this
requirement deleted, the time from initiation to completion may be of the
order of 8 to 9 years. In addition, the fact that procedures and methods
would have been established during the design and construction of the first
plant may tend to reduce the time required for completion of subsequent
plants.

GROUND RULES FOR COST ESTIMATES

Cost Centers

The total capital and operating costs of the project are to be allocated to six

cost centers, as follows:

1. Nuclear island, including all equipment within the reactor containment
vessel and site facilities required to support the nuclear steam supply. One im-
portant cost area within the nuclear island is the fuel cycle cost.

2. Power plant, including the turbogenerator and associated equipment, ac-
cessory electric equipment, and the boiler feedwater supply system.

3. Desalting plant, including all equipment within the plot boundary of the
evaporator system downstream of the traveling water screens and upstream of the
gravity flow product canal.
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ASSUMED PROJECT SCHEDULE

YEAR FROM START 0 1 2 3 4 5 6 7 8 9 10

ENGINEERING EVALUATION OF PROSPECTIVE SITES
CIVIL WORKS

FIELD INVESTIGATIONS & ASSEMBLY OF DESIGN DATA
NUCLEAR SITE APPROVAL
NUCLEAR CONSTRUCTION PERMIT
CIVIL WORKS DESIGN
SITE PREPARATION, RR, ROADS, CAMP-CONSTRUCTION
INTAKE, PUMPING PL., SEA WATER & BRINE

CONVEYANCE - CONSTRUCTION
PRODUCT WATER CONVEYANCE

CONSTRUCTION

DESALTING PLANT
DESIGN AND BID SPECIFICATIONS
LONG-LEAD TIME ORDERS
CONSTRUCTION 1st TRAIN

2nd TRAIN
3rd TRAIN
4th TRAIN

NUCLEAR STEAM SUPPLY SYSTEM
DESIGN AND BID SPECIFICATIONS
ORDER NUCLEAR STEAM SUPPLY AND TURBOGENERATOR
CONSTRUCTION - REACTOR 1

REACTOR 2
CONSTRUCTION POWER PLANT 1

POWER PLANT 2
REACTOR 1 SHAKEDOWN
REACTOR 2 SHAKEDOWN

WATER DELIVERY OF 500 MGD.
WATER DELIVERY OF I BDG. TOTAL

i I I 1 I I I I

Figure VI-2. -Assumed Project Schedule.

jxxxx
-

IV

0o

I IE

V

x



4. Sea-water supply and heat-reject system, including sea-water intakes,
pumps, traveling water screens and brine, outfalls, and power lines and switch-
yards required to supply the intake pumping stations.

5. Product water conveyance.

6. Product power transmission to the border for the U. S. allocation.

The first three cost centers have costs which are a function of the time the
station is built (neglecting escalation) because they are dependent on future
technological developments. The last three cost centers are dependent on site
location, and are assumed to be independent of the time the station is built in that
no technological improvements have been assumed.

It should be noted that the project costs do not include all relevant costs.
Some costs would have to be added after detailed investigations. Costs not in-
cluded are:

1. Cost of land.

2. Cost of town or other type of living facilities for the construction work-

ers and/or the plant operators.

3. Cost of engineered safety measures for the nuclear island relating
to protection against earthquakes. These costs are likely to vary with site
location.

4. Price changes with time for both labor and materials.

5. Possible premiums in the cost of skilled labor due to a remote or non-

U.S. site.

6. Cost of civil works required for delivery of product water from major
terminal points of conveyance to the users.

Life of Plant Equipment and Plant Factor

The nuclear island, the power plant, and the desalting plant are assigned a
30-year life. Interim replacements for these cost centers are included in the
fixed charge rate at 0.35 percent of the capital cost.

Sea-water supply, product water conveyance systems, and product power
transmission are assigned a 50-year life. Interim replacements for these cost
centers are included in the operation and maintenance costs.
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The dual-purpose nuclear complexes are assumed to operate at an average
annual plant capacity factor of 90 percent.

Fixed Charge Rates

Various fixed charge rates are considered in the study, based on interest

rates from 0. 60- to 8. 92-percent per annum. These are developed as follows:

Dual-purpose plants-30-year life

Interest rate

Depreciation (sinking fund)

Interim replacements

Total fixed charge rate, percent

0.60

3.05

0.35

4

3.85

1.83

0.35

6

6.50

1.16

0.35

8

8.92

0.74

0.35

10

Sea-water supply, product water conveyance systems,
power transmission-50-year life

Interest rate

Depreciation (sinking fund)

Interim replacements

Total fixed charge rate, percent

0.60

1.72

2.32

3.85

0.69

4.54

and products

6.50

0.29

6.79

Interest During Construction

Interest during construction is calculated for each fixed charge rate by con-
sidering the length of construction period and the interest rate associated with
that fixed charge rate. The construction periods for the major plant components
were taken from the schedule developed in the previous section.

Price Index

Costs are expressed as a function of 1966 to 1967 price indexes. No allow-
ance is made for future change in prices.
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Special Assumptions for Nuclear Island

Earthquake Protection

No costs are estimated for protection against earthquakes, which may be re-
quired by regulatory authorities.

Nuclear Fuel Cycle Costs, 1980*

Fixed charges on fuel same as interest rate.

Value of natural uranium as U3 08 - - - - - - - - $6/lb ($13. 2/kg) U 308

Separative work cost- - - - - - - - - - - - - - - - - $30/kg

Value of fissile plutonium - - - - - - - - - - - - - $9. 04/g

Conversion of U 308 to UF6 - - - - - - - - - - - - - - $2. 70/kg U

Fuel fabrication in a facility with throughput of 25, 000-tmw

capacity: 22 percent per year fixed charges.

Fuel reprocessing in a facility with throughput of 2 tons per day of

fuel: 22 percent per year fixed charges.

Fuel shipping-one thousand miles to reprocessing facility (no fuel
fabrication or processing facilities were considered onsite for
the basic single plant studies).

Nuclear Fuel Cycle Costs, 1990*

Fixed charges on fuel same as interest rate.

Value of natural uranium as U 308 - - - - - - - - $8/lb (17. 6/kg) U3 08

Separative work cost- -------------------- $30/kg

Value of fissile plutonium - - - - - - - - - - - - - $9.76/g

Conversion of U 308 to UF6 - - - - - - - - - - - - - - $1.35/kg U

Fuel fabrication in plant with throughput of 75, 000-tmw
capacity: 22 percent per year fixed charges.

Fuel reprocessing in plant with throughput of 10 tons per day of
fuel: 22 percent per year fixed charges.

Fuel shipping-one thousand miles to reprocessing facility (no fuel
fabrication or processing facilities were considered onsite for
the basic single-plant studies).

*All costs are in $U. S.
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Subsequent to the use of the foregoing assumptions for separative work and
natural uranium costs, the U. S. AEC announced a reduction in the separative
work costs to $26 per kilogram. The price of natural uranium will also fluctuate
with the market. At present, it appears that the market price exceeds the price
used in this study. Separative and uranium costs both affect the plutonium credit
which enters into the fuel cycle calculations. However, increasing natural
uranium prices and decreasing separative work costs tend to offset one another
so that the result of not taking these changes into account should be negligible.

Water Conveyance

For all sites it was assumed that product water was conveyed to two major
receiving points. The terminal reservoir for Mexico was assumed to be in the
vicinity of Riito while that of the United States was assumed to be approximately
50 miles north of the border. In particular, the following cases were considered
in the development of cost data relative to intakes, brine outfalls, and product
water conveyance.

1. The southern Santa Clara site, with conveyance of 1 bgd of product water
to the U. S. -Mexican border via the highline route. Product water is then taken
to U. S. and Mexican reservoirs (500 mgd each).

2. The northern Santa Clara site with conveyance of 1 bgd (43.8 m3 /sec)
product water to the U. S. -Mexican border. Sea water to the plant is via the
beachside route. Product water is then taken to U. S. and Mexican reservoirs
(500 mgd (21. 9 m3 /sec) each).

3. The southern Santa Clara site, with 500 mgd (21. 9 m 3 /sec) of product to
a U. S. reservoir via the highline route and 500 mgd (21. 9 m3 /sec) delivered di-
rectly to a Mexican reservoir.

4. The northern Santa Clara site, with 500 mgd (21. 9 m3 /sec) of product to
a U. S. reservoir via the beachside route and 500 (21. 9 m 3 /sec) mgd delivered
directly to a Mexican reservoir.

5. The San Luis site, with sea water brought in via the highline route.
Product water is taken to U. S. and Mexican reservoirs (500 mgd (21. 9 m3 /sec)

each).

6. The San Luis site, with sea water brought in via the beachside route.
Product water is taken to U. S. and Mexican reservoirs (500 mgd (21. 9 m3 /sec)

each).

106



Transmission of Product Power

The Mexican requirement of approximately 600 MWE from the first plant
will be considered as available at the plant. The cost of transmission to Mexican
users has not been included. The capital cost of transmission for the U. S. block
of power (approximately 1, 100 MW) was determined from the plants to the border.
It is assumed that a future tie-in to U. S. power transmission systems would be
provided at this point. Consequently, in the case of the San Luis Site, no trans-
mission cost was considered.

Allocation of Nuclear Island Costs to Power and Water

Energy costs are allocated to the power cost center and the desalting cost
center in a ratio proportional to the use of available energy in the prime steam by
the respective processes.

Allocation of Sea-Water Supply and Heat-Reject Costs to Power and Water

The power plant is charged with the equivalent of the costs of sea-water sup-
ply, sea-water pumping, and power plant condensers for a nuclear, power-only
plant of the same net output located at a favorable site on the Gulf of California.
The balance of the costs are charged to water.

COST ANALYSIS

The costs of nuclear power plant, sea-water evaporator, sea-water intake
and brine conveyance facilities, product water conveyance and power transmission
have been described in chapters III, IV, and V. Table VI-1 summarizes total
project capital investment costs and annual costs for the 1980 plant for six site

and conveyance alternatives considered. The detailed cost breakdown for the
system components are presented in appendix VI-A, table VI-A-1.

Capital costs are presented as a function of the base interest rate and asso-
ciated fixed charge rates which affect the cost during construction. To illustrate
the effect of interest rate (or fixed charge rate) for the Santa Clara highline route,
capital costs are $920 million for 0. 60-percent interest and $1, 062 million at
8. 92-percent interest.

At 3. 85-percent interest rate, corresponding to 6-percent fixed charge rate

on the nuclear, dual-purpose plant, capital costs (excluding transmission) for the

1980 plant vary from a low of $910 million for the Santa Clara beachside route to
a high of $1, 135 million for the San Luis highline route. The capital costs for
the San Luis beachside route were $954 million at a 3. 85-percent interest rate.
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Table VI-1. -Total Capital Cost and Annual Costs for Complete System-1980 Perioda
($U.S.)

San Luis site
Santa Clara southern plant Santa Clara northern plant Sea water Sea water
product water conveyed by sea water conveyed by conveyed conveyed

highline route beachside route by high- by beach-

line route side route

Product water to border, mgd..... 500 1,000 500 1,000 1,000 1,000

Base interest rate, percent
year.................................0.60 0.60 0.60 0.60 0.60 0.60

Fixed charge rate for
on-site works........................4.0 4.0 4.0 4.0 4.0 4.0

Fixed charge rate for
civil works..........................2.32 2.32 2.32 2.32 2.32 2.32

Capital cost ($1,000)
On-site works-reactors,
power plant and desalting
plant............................659,231 659,231 659,231 659,231 659,231 659,231

Water conveyance....................239,220 263,160 186,031 188,938 406,548 237,003

Power trans. to border,
U.S. portion only.................21,227 21,227 11,632 11,632 - -

Total capital cost ($1,000)... 919,678 943,618 856,894 859,801 1,065,779 896,234

Annual costs, $
onsite works--reactors,
power plant and desalting
plantb.........................75,101,800 75,101,800 75,101,800 75,101,800 75,101,800 75,101,800

Water conveyance..................7,256,500 7,838,900 6,071,300 6,154,700 11,145,400 6,992,200

Power trans. to border,
U.S. portion only.................502,300 502,300 275,300 275,300 - -

Total (net) annual cost,$/yr 82,860,600 83,443,000 81,448,400 81,531,800 86,247,200 82,094,000

aExcluding land cost and construction premiums on nuclear island power and water plant for seismic design and for
contiguous portion of United States

bIncludes annual cost of nuclear island as prime steam cost and credit for exhaust steam sales to water plant.

Also includes cost equivalent of power only condenser system.

cAllocated to water costs.
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Table VI-1. -Continued. Total Capital Cost and Annual Costs for Complete System-1980 Perioda

San Luis site
Santa Clara southern plant Santa Clara northern plant Sea water Sea water
product water conveyed by sea water conveyed by conveyed conveyed

highlight route beachside route by h by e

line route sied route

Product water to border, mgd..... 500 1,000 500 1,000 1,000 1,000

Base interest rate, percent/
yr............................. 3.85 3.85 3.85 3.85 3.85 3.85

Fixed charge rate for
onsite works................... 6.0 6.0 6.0 6.0 6.0 6.0

Fixed charge rate for
civil works.................... .. 4.5.44.5.44.5454 4.54 4.54

Capital cost ($1,000)
onsite works--reactors,
power plant and desalting
plant.......................... 700,678 700,678 700,678 700,678 700,678 700,678

Water conveyance................. 252,931 279,493 197,804 201,164 434,799 253,020

Power trans. to border, U.S.

portion only................... 21,536 21,536 11,801 11,801 - -

Total capital cost ($1,000).... 975,145 1,001,707 910,283 913,643 1,135,477 953,698

Annual costs, $
onsite works--reactors,
power plant and desalting
plant 95,764,600 95,764,600 95,764,600 95,764,600 95,764,600 95,764,600

Water conveyance 13,053,200 14,286,100 10,613,300 10,781,800 21,368,300 12,833,500
Power trans. to border, U.S.
portion only................... 997,200 997,200 546,500 546,500 - -

Total (net) annual cost, $/yr.. 109,815,000 111,047,900 106,924,400 107,092,900 117,132,900 108,598,100

aExcluding land cost and construction premiums on nuclear
contiguous portion of United States.

island power and water plant for seismic design and for

bIncludes annual cost of nuclear island as prime steam cost and credit for exhaust steam sales to water plant.
Also includes cost equivalent of power only condenser system.

cAllocated to water costs.
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Table VI-1. -Continued. Total Capital Cost and Annual Costs for Complete System-1980 Perioda
($U. S.)

San Luis site
Santa Clara southern plant Santa Clara northern plant Sea water Sea water
product water conveyed by sea water conveyed by ceye ceye

highline route beachside route convey edh ny ed

line route side route

Product water to border, mgd .... 500 1,000 500 1,000 1,000 1,000

Base interest rate, percent!
yr..............................6.50 6.50 6.50 6.50 6.50 6.50

Fixed charge rate for
onsite works...........................8.0 8.0 8.0 8.0 8.0 8.0

Fixed charge rate for
civil works............................6.79 6.79 6.79 6.79 6.79 6.79

Capital cost (1,000)
onsite works--reactors,
power plant and desalting
plant.... ..........................727,260 727,260 727,260 727,260 727,260 727,260

Water conveyance....................264,111 292,811 207,405 211,133 457,833 266,080

Power trans. to border,
U.S. portion only............ 21,789 21,789 11,939 11,939 - -

Total capital cost ($1,000).... 1,013,160 1,041,860 946,604 950,332 1,185,093 993,340

Annual costs, $
Onsite works--reactors,
power plant and desalting
plants. ......................... 116,293,700 116,293,700 116,293,700 116,293,700 116,293,700 116,293,700

Water conveyancec-............... 19,365,300 21,341,100 15,592,000 15,861,200 32,629,000 19,264,500

Power trans. to border,
U.S. portion only............. 1,509,100 1,509,100 826,900 826,900 - -

Total (net) annual cost, $/yr.. 137,168,100 139,143,900 132,712,600 132,981,800 148,922,700 135,558,200

&Excluding land cost and construction premiums
contiguous portion of United States.

on nuclear island power and water plant for seismic design and for

bIncludes annual cost of nuclear island as prime steam cost and credit for exhaust steam sales to water plant. Also
includes cost equivalent of power only condenser system.

cAllocated to water costs.
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Table VI-1. -Concluded. Total Capital Cost and Annual Costs for Complete
($U. S.)

System-1980 Perioda

San Luis site
Santa Clara southern plant Santa Clara northern plant Sea water Sea water
product water conveyed by sea water conveyed by conveyed conveyed

highline route beachside route by high- by beach-

line route side route

Product water to border, mgd..... 500 1,000 500 1,000 1,000 1,000

Base interest rate, percent/
yr............................. 8.92 8.92 8.92 8.92 8.92 8.92

Fixed charge rate for
onsite works................... 10.0 10.0 10.0 10.0 10.0 10.0

Fixed charge rate for
civil works.................... 9.05 9.05 9.05 9.05 9.05 9.05

Capital cost ($1,000)
onsite works--reactors,
power plant and desalting
plant........................... 765,329 765,329 765,329 765,329 765,329 765,329

Water conveyance................ 274,321 304,973 216,171 220,236 478,868 278,007

Power trans. to border,
U.S. portion only............. 22,020 22,020 12,066 12,066 - -

Total capital cost ($1,000)..... 1,061,670 1,092,322 993,566 997,631 1,244,197 1,043,336

Annual costs, $
onsite works--reactors,
power plant and desalting
plantb .......................... 139,188,700 139,188,700 139,188,700 139,188,700 139,188,700 139,188,700

Water conveyancec............... 26,140,900 28,941,900 20,970,300 21,354,900 44,816,400 26,228,700

Power trans. to border,
U.S. portion only...............2,032,700 20,032,700 1,113,800 1,113,800 - -

Total (net) annual cost, $...... 167,362,300 170,163,300 161,272,800 161,657,400 184,005,100 165,417,400

N-

Excluding land cost and construction premiums
contiguous portion of United States.

on nuclear island power and water plant for seismic design and for

bIncludes annual cost of nuclear island as prime steam cost and credit for exhaust steam sales to water plant. Also
includes cost equivalent of power only condenser system.

cAllocated to water costs.



It should be noted that the capital cost figures shown on table VI-1 reflect power
transmission to the U. S. border. Included in the transmission figure are trans-
mission lines and substation costs. For the San Luis site, power to the U. S. is
picked up at the site boundary.

The following illustrates the percentage breakdown of capital costs for two
typical sites (excluding power transmission).

Northern
Santa Clara San Luis

Beachside Beachside

Nuclear Island 16.0 15.2

Power Plant 11.4 10.8

Desalting Plant 50.3 47. 5

Brine Conveyance 10.8 18. 1

Product Water Conveyance 11.5 8.4

Total capital costs, percent 100.0 100. 0

The total annual costs are also a function of both the site and the interest
rate. At 3.85-percent interest rate, they vary from approximately $110 million
to $117 million (excluding power transmission) for the sites considered. For a
typical site, the Santa Clara beachside route, costs vary from approximately
$82 million per year at 0. 60-percent interest to $161 million at 8. 92 percent.
At these same interest rates, power transmission annual costs for the U. S. allo-
cation vary from approximately $. 4 million to $1. 7 million.

The following illustrates the percentage breakdown of operating costs for two
typical sites at 3. 85-percent interest rate (excluding power transmission):

Santa Clara San Luis
Beachside Beachside

Power Planta 35.4 34.7

Desalting Planta 54.5 53. 5

Brine Conveyance 4. 7 7. 7

Product Water Conveyance 5.4 4. 1

Total capital costs, percent 100.0 100.0

aIncludes allocation of nuclear island cost.
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Table VI-A-2 in appendix VI-A summarizes electrical power generation and
auxiliary power consumption for the various sites. Gross power generation is
2, 160 MWE for the 1980 plant. Of this, 354 MWE are used for onsite auxiliary
power, and 125 to 144 MWE are used for pumping for the various sites. Net
power delivered to Mexico is 570 MWE, and the United States share varies from
1,.092 to 1, 111 MWE. The data for Mexico are based on a fixed year (1980 for
the first plant and 1990 for the advanced plant) since the Mexican demand has
been developed on a yearly basis (see app. III-B).

Water and Power Costs (1980 Plant)

The water and power costs have been developed on the basis of the plant

schedule, ground rules, and capital costs previously presented. To illustrate the
effects of conveyance, distribution and/or transmission, the incremental water
and power costs associated with these requirements have been presented sepa-
rately from those obtained considering only onsite costs. Total water costs to

the user can be determined as a function of plant location.

Water Production Costs*

Figure VI-3 presents the onsite water costs in cents per 1, 000 gallons
(pesos/m3) as a function of fixed-charge rate for the 1980 plant. Fixed, operat-
ing, and total water cost data are shown. Total water production cost increases
from approximately 13. 5 cents per 1, 000 gallons (. 45 pesos//m3) at . 6-percent
interest (fixed charge rate of 4 percent) to about 26.4 cents (. 87 pesos//m3 ) at
8. 92-percent interest (10-percent fixed charge rate). Operating costs are essen-
tially constant at 8 cents per 1, 000 gallons (. 26 pesos/m3 ), while fixed costs rise
from about 6 cents per 1, 000 gallons (. 20 pesos//m3) to 17 cents per 1, 000 gallons
(. 56 pesos /m3).

At interest rates of 3. 85 percent (6-percent fixed charge) and 6. 50 percent
(8-percent fixed charge) onsite water production costs amount to 17. 7 cents and
21.7 cents per 1, 000 gallons (. 58 pesos and . 72 pesos//m3), respectively. An
onsite water cost of less than 20 cents per 1, 000 gallons (. 66 pesos/m3) would
dictate an interest rate below approximately 5-1/4 percent (7-percent fixed charge
rate). If water costs were based on operating costs only (with fixed charges sup-
ported by taxes or other indirect financing), the water costs at the plant could be
less than 9 cents per 1, 000 gallons (.30/m3).

* 1 (U. S.) . 033 pesos (mex)

1, 000 gallon cu. meter
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Power Production Costs

Figure VI-4 shows the power costs associated with the aforementioned water

costs. As in the case of water costs, operating costs are essentially independent
of fixed charge rate showing an increase of only 0.4 mills for an 8-percent varia-
tion in interest rates. Over the same range of interest rates, fixed costs increase
approximately 1 mill. The onsite power costs (including heat-reject costs as de-
fined in the ground rules) vary from 1. 8 mills per kw-hr at 0. 6-percent interest

(4-percent fixed charge) to approximately 3. 1 mills per kw-hr at 8. 92-percent in-
terest (10-percent fixed charge). These data are in close agreement with those
originally assumed in chapter III for power marketing studies.

Incremental Water Costs for Sea-Water Supply and Conveyance

The incremental water costs due to sea-water intakes and brine outflow sys-
tems costs were derived for four different plants. The first was for the plant
site located approximately 10 miles north (16 km) of El Golfo de Santa Clara

(beachside route); the second for the site approximately 12 miles (19 km) south
of El Golfo de Santa Clara (highline route); and the third and fourth for the site
near San Luis (highline and beachside routes).

Figure VI-5 summarizes the total incremental water costs due to sea-water
and brine conveyance for these various plans. These data have been plotted as a
function of interest rate and the corresponding fixed charge rate. Because of
differences in service lives, lower fixed charge rates are shown than those used
in calculating onsite water costs, although the interest rates are the same. This
is because amortization factors are lower for civil works because of the assumed
50-year life. For example, for the onsite water costs, a 3. 85-percent interest
rate will yield a 6-percent fixed charge rate while for civil works the same in-
terest rate will result in a 4. 54-percent fixed charge rate. Fixed charge rates
associated with other interest rates are shown in the previous section on "Ground
Rules for Cost Estimates. "

In figure VI-5 the incremental increase in water costs due to sea-water intake

and brine-outflow systems varies from slightly under 1 cent per 1, 000 gallons
(. 03 pesos per m3 ) to approximately 3 cents per 1, 000 gallons (1 peso per m 3) for
both Santa Clara sites. The southern site location offers a slightly lower total
cost increment because of the significantly shorter intake canal, which more than
offsets the less costly sea-water intake structure (as differentiated from the in-
take canal) of the northern site location.

For the San Luis site, the incremental water costs for both the beachside
and highline routes for conveying sea water to and disposing of brine show, as
would be expected, that the total incremental water costs for the highline route
are greater by a substantial margin. At 3. 85-percent interest (4. 54-percent
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fixed charge rate), the total incremental water cost is approximately 2. 6 cents

per 1, 000 gallons (. 08 pesos per m3) for the beachside route and 5. 1 cents per
1, 000 gallons (. 17 pesos per m3) for the highline route. If an interest rate of
8. 92 percent is assumed (9. 05-percent fixed charge), the total incremental costs
will be increased to approximately 5.3 cents per 1, 000 gallons (.18 pesos per
m3) for the beachside route and 10.9 cents per 1, 000 gallons (.39 pesos per m 3)
for the highline route. It is doubtful that the highline route (feed water source
south of El Golfo de Santa Clara) can be considered for conveyance of water to
the San Luis desalting plant because of these high incremental water costs.

The operating cost component for sea-water and brine conveyance for each
of the sites amounts to about 1/2 cent per 1, 000 gallons (. 016 pesos per m 3) and
remains relatively constant at the various interest rates tested. Variations in
product conveyance for the sites studied are not quite as wide as those for sea-
water and brine conveyance and tend to reverse the general ranking order of
magnitude.

There are a number of possible ways of conveying product water to points in

both the United States and Mexico, and cost data for such conveyance must be
considered as preliminary. One possible approach would be, in the case of the
Santa Clara sites, that either 500 mgd or 1 bgd of product water would be taken
near the U. S. -Mexican border. From that point, the quantities allocated to each
country would be conveyed to a suitable reservoir site. For Mexico, it may be
to a reservoir near the border where gravity flow would allow distribution. A
second approach would be to consider the Mexican allotment drawn off somewhere
north of the Santa Clara sites but some distance south of the border. Provision
for storage of this water would have to be made. Since the detailed delineation of
a conveyance and ultimately distribution systems is beyond the scope of this pre-
liminary study, incremental water costs for product water conveyance were cal-
culated for both approaches.

The assumption was made for planning purposes that the various sites could

be compared on the basis of average incremental costs (both to the U. S. and
Mexican reservoirs) for product water conveyance. The detailed allocation of
conveyance costs to Mexico and to the United States is not possible because of the
lack of firm data relative to the provision of storage.

Figure VI-6 presents the incremental product water conveyance for the Santa
Clara sites. As noted previously, either 500 mgd (21. 9 m3 /sec) or 1 bgd (43. 8
m3/sec) were carried to the U. S. -Mexican border. If it were 1 bgd (43.8 m3/sec),
500 mgd (21. 9 m3/sec) was then conveyed to a Mexican reservoir and 500 mgd
(21. 9 m 3 /sec) to a U. S. reservoir. The highline route, because of its greater

distance, results in incremental product water costs greater than that of the
beachside route. It should be kept in mind that the curves showing cost of con-
veying 500 mgd (21. 9 m 3/sec) to the U. S. border do include costs of civil works
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for carrying the Mexican portion of 500 mgd (21. 9 m 3 /sec) 30 miles (48 km) north

of Santa Clara to a distribution point. At a 3. 85-percent interest rate (4. 54-

percent fixed charge rate), the incremental water cost for the beachside route is
1. 5 to 1. 8 cents per 1, 000 gallons (.05 to . 06 pesos /m3 ). This increases to 2. 7
to 3. 1 cents per 1, 000 gallons (. 09 to . 10 pesos/m3 ) for the highline route.
Operating costs included in the totals for both routes are about 1/4 cent per
1, 000 gallons (. 008 pesos//m3) which varies little with changes in interest rates.
Also illustrated in figure VI- 6 are the incremental product water conveyance

costs for the San Luis site. Total incremental costs are approximately 1.4 cents
per 1, 000 gallons (. 05 pesos per m3) at 3. 85-percent interest rate (4. 54-percent
fixed charge) and 2 cents per 1, 000 gallons (. 07 pesos per m3) at 6. 50-percent
interest (6. 79-percent fixed charge). Operating costs for San Luis also remain
fairly constant at about 1/4 cent per 1, 000 gallons (. 008 pesos per m 3 ).

As shown in figure VI-6 the total incremental product water conveyance costs
are lowest for the San Luis site. However, this advantage is more than offset by
the incremental product water cost due to sea-water and brine conveyance as
shown on figure VI-5.

Summary of Total Water Costs by Components

The data for: (1) onsite water production costs; (2) incremental product
water cost resulting from sea-water intakes and brine outflow, and (3) incre-
mental product water cost resulting from product water conveyance has been

combined to derive total water costs. The total water costs and different product
water conveyance methods for the three sites are shown in figure VI-7. As
shown in figure VI-7, for a 3. 85-percent interest rate (6-percent fixed charge
rate for onsite works and 4. 54 percent fixed charge rate for civil works) total
water costs vary from approximately 21 to 24 cents per 1, 000 gallons (. 69 to . 79
pesos per cubic meter). For a 6. 5-percent interest rate, this variation is from
approximately 26 to 32 cents per 1, 000 gallons (. 86 to 1. 06 pesos per m 3 ). The

San Luis highline route is the most expensive of all schemes considered. The two
Santa Clara sites and the San Luis beachside route give water costs that are about
the same within the accuracy of the present study. The northern Santa Clara site
appears to give the lowest water costs, and the San Luis highline route the highest
water costs. The San Luis site is less seismically active than the others; there-
fore, when costs for earthquake protection are added after detailed study, the San
Luis beachside route may be the most economically attractive.

Table VI-2 summarizes the data shown in figure VI-7 in terms of total water
cost, two different product water conveyance methods, and four assumed interest
rates for the three sites.

It can be shown by interpolation of the data of figure VI-7 or table VI-2 that
if the total water cost is charged to the user, an interest rate of approximately
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Table VI-2. -Typical Water Costs

Interest rate, percent.................. .6 3.85 6.50 8.92

Fixed charge rate (reactors, power
plant and desalting plant, percent.... 4.0 6.0 8.0 10.0

Fixed charge rate (civil works--canals ),
percent.................... ............ 2.32 4.54 6.79 9.05

Initial Plant Water Costs (e/U.S. 1,000 gal)--1980 Time Period

Santa Clara southern plant--product
water conveyed by highline route

500 mgd of product water to border.. 15.8 21.6 27.6 34.4
1,000 mgd of product water to

bordera........................... 15.9 22.0 28.2 35.2

Santa Clara northern plant--sea water
conveyed by beachside route

500 mgd of product water to border.. 15.4 20.9 26.5 32.8

1,000 mgd of product water to
bordera........................... 15.4 20.9 26.6 32.9

San Luis

Sea water conveyed by highline route
to plant.......................... 17.0 24.2 31.7 40.0

Sea water conveyed by beachside
route to plant.....................15.7 21.6 27.6 34.4

a0f this total 500 mgd is taken to a
Mexican reservoir.

U.S. reservoir and 500 mgd to a

3. 5 percent or less would have to be used to obtain water at 20 cents per 1, 000
gallons (. 66 pesos per m3 ). However, if the user is only charged operating costs,
water costs will be slightly less than 10 cents per 1, 000 gallons (.33 pesos per
m3) for any interest rate investigated. (More detailed breakdowns of total water
costs are included in appendix VI-A, figures VI-A-1 through VI-A-5 and table
VI-A-4.)
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Power Transmission Cost

No data are included relative to the added cost of transmission on a kilowatt-
hour basis from the Santa Clara sites to the border for the U. S. power alloca-
tion. Such estimations would require a better definition of tie-in location, specific
line requirements with the possibility of providing for future growth, and detailed
surveys pertinent to line routing.

Total Project Costs (1990 Plant)

Project costs for a 1990 plant have been developed in a manner entirely
analogous to those for the 1980 plant.

Table VI-3 gives total capital costs, annual costs, and fixed charge rates for
the project for various sites. Although the water production is retained at 1 bgd,
net marketable power is increased approximately 170 MWE over that for the 1980
plant to approximately 1, 840 MWE. (See table VI-A-2 in appendix VI-A.) It will
be noted in comparing table VI-1 with table VI-3 that the capital costs for the 1990
plant are about $160 to $190 (2, 000 to 2,380 million pesos) million less than those
for the 1980 plant, depending on interest or fixed charge rate. Annual costs for
the 1990 plant show a reduction from $30 to $40 million (37. 5 to 50 million pesos).

Water and Power Costs (1990 Plant)

The water and power costs have been developed on the basis of the plant

schedule, ground rules, and capital costs previously presented.

Figure VI-8 gives the water costs (excluding water conveyance), which vary
from about 8 cents per 1, 000 gallons (. 26 pesos per m3 ) at . 6-percent interest
(4-percent fixed charge rate) to 17 cents (. 56 pesos per m3 ) at 8. 92-percent in-
terest (10-percent fixed charge rate). Figure VI-9 gives power costs (excluding
transmission), which vary from 1. 1 mills (1.4 Mex.) per kw-hr at 4-percent
fixed charge rate to about 2. 6 mills (3. 30 Mex.) per kw-hr at 10-percent fixed

charge rate. This is a reduction of approximately . 7 mills (. 90 Mex.) per kw-hr
as compared to the 1980 plant.

Total unit water costs, including costs of sea-water, brine, and product
water conveyance are given in figure VI-10 and table VI-4. As shown in tables
VI-2 and VI-4. the application of advanced technology results in a reduction in

total water costs of 6 to 10 cents per 1, 000 gallons (. 20 to .33 pesos per m3 )
between 1980 and 1990. The major factor is this cost reduction is attributable
to capital and operating cost decreases for the reactors, power plant, and de-
salting plant. The effect of advanced technology on sea-water and product con-
veyance is minimal; the operating cost component primarily is influenced because
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Table VI-3. -Total Capital Cost, Annual Costs, and Fixed Charge Rates for Complete System-1990 Perioda
($U.S.)

San Luis site
Santa Clara southern plant Santa Clara northern plant Sea water Sea water
product water conveyed by sea water conveyed by conveyed conveyed

highline route beachside route by high- by beach-

line route side route

Product water to border, mgd...... 500 1,000 500 1,000 1,000 1,000

Base interest rate, percent/
yr.....................................0.60 0.60 0.60 0.60 0.60 0.60

Fixed charge rate for
onsite works.................... .....14.0 4.0 4.0 4.0 4.0 4.0

Fixed charge rate for
civil works...........................2.32 2.32 2.32 2.32 2.32 2.32

Capital cost ($1,000)
onsite works--reactors,
power plant and desalting
plant ........................... .. 491,268 491,268 491,268 491,268 491,268 491,268

Water conveyance.................. 239,220 263,160 186,031 188,938 406,548 237,003

Power trans. to border,
U.S. portion only............. .. 21,227 21,227 11,632 11,632 - -

Total capital cost ($1,000)..... 751,715 775,655 688,931 691,838 897,816 728,271

Annual costs, $
onsite works--reactors,
power plant and desalting
plantb..........................144,587,400 44,587,400 44,587,400 44,587,400 44,587,400 44,587,400

Water conveyance................6,686,500 7,268,900 5,476,100 5,559,500 10,483,700 6,441,300

Power trans. to border,
U.S. portion only................502,400 502,400 275,300 275,300 - -

Total (net) annual cost, $/yr... 51,776,300 52,358,700 50,338,800 50,422,200 55,071,100 51,028,700

aExcluding land cost and construction premiums
for contiguous portion of United States.

on nuclear island power and water plant for seismic design and

bIncludes annual cost of nuclear island as prime steam cost and credit for exhaust steam sales to water plant.
Also includes cost equivalent of power only condenser system.

cAllocated to water cost.



Table VI-3. -Continued. Total Capital Cost, Annual Costs and Fixed Charge Rates for Complete
System-1990 Period

($U.S.)

San Luis site
Santa Clara southern plant Santa Clara northern plant Sea water Sea water
product water conveyed by sea water conveyed by conveyed conveyed

highline route beachside route by high- by beach-

line route side route

Product water to border, mgd...... 500 1,000 500 1,000 1,000 1,000

Base interest rate, percent/
yr.......................................3.85 3.85 3.85 3.85 3.85 3.85

Fixed charge rate for
onsite works..........................6.00 6.00 6.00 6.00 6.00 6.00

Fixed charge rate for
civil works...................... 4.54 4.54 4.54 4.54 4.54 4.54

Capital cost ($1,000)
onsite works--reactors,
power plant and desalting
plant ........................... .. 523,799 523,799 523,799 523,799 523,799 523,799

Water conveyance .................... 252,931 279,493 197,804 201,164 434,799 253,020

Power trans. to border,
U.S. portion only................21,536 21,536 11,801 11,801 - -

Total capital cost ($1,000)..... 798,266 824,828 733,2404 736,764 958,598 776,819

Annual costs, $
onsite works--reactors,
power plant and desalting
plantb.......................... 62,778,800 62,778,800 62,778,800 62,778,800 62,778,800 62, 78,800

Water conveyancec............... 12,611,000 13,843,900 10,148,100 10,316,600 20,842,500 12,408,700

Power trans. to border,
U.S. portion only............. 997,200 997,200 546,500 546,500 - -

Total (net) annual cost, $/yr... 76,387,000 77,619,900 73,)473,)400 73,641,900 83,621,300 75,187,500

01

aExcluding land cost and construction premiums
contiguous portion of United States.

on nuclear island power and water plant for seismic design and for

bIncludes annual cost of nuclear island as prime steam cost and credit for exhaust steam sales to water plant. Also
includes cost equivalent of power only condenser system.

cAllocated to water costs.



Table VI-3. -Continued. Total Capital Cost, Annual Costs and Fixed Charge Rates for Complete
System-1990 Period

($U.S.)

San Luis site
Santa Clara southern plant Santa Clara northern plant Sea water Sea water
product water conveyed by sea water conveyed by conveyed conveyed

highline route beachside route by high- by beach-

line route side route

Product water to border, mgd...... 500 1,000 500 1,000 1,000 1,000

Base interest rate, percent/
yr.............................. 6.50 6.50 6.50 6.50 6.50 6.50

Fixed charge rate for
onsite works.................... 8.0 8.0 8.0 8.0 8.0 8.0

Fixed charge rate for
civil works..................... 6.79 6.79 6.79 6.79 6.79 6.79

Capital cost ($1,000)
Onsite works--reactors,
power plant and desalting
plant........................... 550,325 550,325 550,325 550,325 550,325 550,325

Water conveyance................ .. 264,111 292,811 207,405 211,133 457,833 266,080

Power trans. to border,
U.S. portion only............. .. 21,789 21,789 11,939 11,939 - -

Total capital cost ($1,000)..... 836,225 864,925 769,669 773,397 1,008,158 816,405

Annual costs,$
Onsite works--reactors,
power plant and desalting
plantb.......................... 80,883,800 80,883,800 80,883,800 80,883,800 80,883,800 80,883,800

Water conveyance ................ 19,044,000 21,019,800 15,249,600 15,518,800 32,231,100 18,959,100

Power trans. to border,
U.S. portion only............. 1,509,100 1,509,100 826,900 826,900 - -

Total (net) annual cost, $/yr... 101,436,700 103,412,700 96,960,300 97,229,500 113,114,900 99,842,900

Excluding land cost and construction premiums
contiguous portion of United States.

on nuclear island power and water plant for seismic design and for

bIncludes annual cost of nuclear island as prime steam cost and credit for exhaust steam sales to water plant. Also
includes cost equivalent of power only condenser system.

cAllocated to water costs.



Table VI-3. -Concluded. Total Capital Cost, Annual Costs, and Fixed Charge Rates for Complete
System--1990 Perioda

($U.S.)

San Luis site
Santa Clara southern plant Santa Clara northern plant Sea water Sea water
product water conveyed by sea water conveyed by conveyed conveyed

highline route beachside route bynhigh- by bed
by high- by beach-
line route side route

Product water to border, mgd...... 500 1,000 500 1,000 1,000 1,000

Base interest rate, percent/
........................... 8.92 8.92 8.92 8.92 8.92 8.92

Fixed charge rate for
onsite works.................... 10.0 10.0 10.0 10.0 10.0 10.0

Fixed charge rate for
civil works..................... 9.05 9.05 9.05 9.05 9.05 9.05

Capital cost ($1,000)
onsite works-reactors,
power plant and desalting
plant............................ 574,548 574,548 574,548 574,548 574,548 574,548
Water conveyance................ 274,321 304, 973 216,171 220,236 478,868 278,007

Power trans. to border,
U.S. portion only............. 22,020 22,020 12,066 12,066 - -

Total capital cost ($1,000)..... 870,889 901,541 802,785 806,850 1,053,416 852,555

Annual costs, $
Onsite works--reactors,
power plant and desalting
plantb.......................... 99,548,100 99,548,100 99,548,100 99,548,100 99,548,100 99,548,100

Water conveyancec............... 25,967,100 28,768,100 20,777,100 21,161,700 44,572,100 26,069,600

Power trans. to border,
U.S. portion only............. 2,032,700 2,032,700 1,113,800 1,113,800 - -

Total (net) annual cost, $/yr... 127,547,900 130,348,900 121,439,000 121,823,600 144,120,200 125,617,700

aExcluding land cost and construction premiums
contiguous portion of United States.

on nuclear island power and water plant for seismic design and for

bIncludes annual cost of nuclear island as prime steam cost and credit for exhaust steam sales to water plant.
Also includes cost equivalent of power only condenser system.

cAllocated to water costs.
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Table VI-4. -Typical Water Costs

Interest rate, percent.................... .6 3.85 6.50 8.92

Fixed charge rate (reactors, power
plant and desalting plant), percent... 4.0 6.0 8.0 10.0

Fixed charge rate (civil works- canals),
percent....................... ......... 2.32 4.54 6.79 9.05

Advanced Plant Water Costs ( /U.S. 1,000 gal)--1990 Time Period

Santa Clara southern plant--product
water conveyed by highline route

500 mgd of product water to border.. 9.9 14.6 19.5 24.7

1,000 mgd of product water to
bordera........................... 10.1 15.0 20.1 25.5

Santa Clara northern plant--sea water
conveyed by beachside route

500 mgd of product water to border.. 9.6 13.9 18.4 23.1

1,000 mgd of product water to
bordera........................... 9.6 13.9 18.5 23.2

San Luis

Sea water conveyed by highline route

to plant........................... 11.1 17.1 23.5 30.3

Sea water conveyed by beachside
route to plant......................9.8 14.6 19.5 24.7

a0f this total 500 mgd is taken to a
Mexican reservoir.

U.S. reservoir and 500 mgd to a

of reductions in the cost of pumping power. Total water cost from the 1990 plant
varies from approximately 10 to 30 cents per 1, 000 (.33 pesos to . 99 pesos per
m3) gallons depending on interest rate, method of conveyance, and plant location.
The maximum spread in cost due to difference in plant location or conveyance
method occurs at the highest interest rate and is approximately 7 cents per 1, 000
gallons (. 23 pesos per m3 ). At the lowest interest rate the spread in cost is
approximately 1. 5 cents per 1, 000 gallons (. 05 pesos per m3). For the 1990
plant, as in the case of the 1980 plant, minimum total water costs are achieved
using the northern Santa Clara site.
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In the case of the 1990 plant (see fig. VI-10), it is possible to remain below

or at a water cost of 20 cents per 1, 000 gallons (. 66 pesos per m3 ) for interest

rates up to 6. 5 percent (except for the San Luis highline route case). At 3. 85-

percent interest, a water cost of 15 cents or less per 1, 000 gallons (. 50 pesos
per m3 ) can be obtained. (More detailed breakdowns of total water costs are in-

cluded in appendix VI-A, figures VI-A-6 to VI-A-10, and table V-A-5.)

Water and Power Costs 1995 to 2000 Dual-Purpose Plants

Technological improvements will continue beyond 1990. These improve-

ments will undoubtedly be made in both the nuclear power plant and in the desalt-
ing plant. Possibly the techniques of water and power transport will also
improve.

No attempt has been made to predict these improvements quantitatively, ex-
cept in the area of nuclear fuel cycle cost. With capital costs identical to those
of the 1990 system, improvements in fuel cycle technology are expected to pro-

vide onsite power costs (excluding cost of transmission) as shown in figure VI-11
and onsite water costs of figure VI-12.

As shown in figure VI-11, at 8. 92-percent interest (10-percent fixed charge
rate), power costs are expected to decrease to about 2. 0 mills (2. 5d Mex.) per
kw-hr in 1995 to 2000. At 3. 85-percent interest (6-percent fixed charge rate)

the cost drops to approximately 1. 1 mills (1.4 Mex.) per kw-hr.

Onsite water costs (excluding water conveyance) shown in figure VI-12 de-

crease to approximately 9 cents per 1, 000 gallons (. 30 pesos per m3 ) in 1995 to
2000 at 3. 85-percent interest (6-percent fixed charge rate). An estimate of the

cost contribution of sea-water, brine, and product water conveyance can be ob-
tained from the data for the 1990 plant. However, since pumping power costs are
less in 1995 to 2000, use of the 1990 data will yield higher costs than those which
might be encountered.

Figures VI-13 and VI-14 present summaries of the effect of technological
improvements on water and power costs (excluding conveyance or transmission)
from 1980 through the 1995 to 2000 time period as a function of fixed charge
rates. It can be seen that these improvements are contemplated to reduce water
costs by approximately 7 to 10 cents per 1, 000 gallons (. 26 to . 33 pesos//m3 ) and
power costs by about 1 mill per kw-hr.

Conveyance Costs for 5 bgd (219 m 3 /sec) Complexes

The costs of certain water conveyance facilities, such as open canals, are
proportional to the 0. 2 to 0. 5 power of the capacity. Other facilities, such as
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closed pipes, pumping plants, and pumping power transmission lines are propor-
tional to the 0. 8 to 1. 0 power of the capacity.

In planning the initial stages of a large complex, consideration should be given
to the construction of oversize conveyance facilities such as open canals. Suffi-
cient rights of way and space should be obtained for future construction of pumping
plants, and pipelines. A proper choice of such facilities will save money in the
long run without unduly penalizing near-term costs.

A very preliminary study was made of the effect of providing 5 bgd (219 m3/

sec) of reserve capacity in conveyance which might be considered in conjunction
with a 1-bgd (43. 8-m3 /sec) 1980 plant. It was estimated that for the Santa Clara
site beachside route, an additional cost of $20 million to $50 million (250 to 625
million pesos) might be justified for sea-water and product canals. At 3. 85-

percent interest (6-percent fixed charge rate), the added cost to the 1-bgd
(43. 8-m3 /sec) project would be 0. 05 to 0. 15 cents per 1, 000 gallons (. 16 to . 50
Mex. per m3 ) if later plants were never built. For the San Luis site beachside
route, an additional cost of $40 to $80 million (500 to 1, 000 million pesos) might
be justified, corresponding to an increase in first plant costs of 0. 1 to 0. 2 cents

per 1, 000 gallons (. 33 to . 660 Mex. per m3) if later plants were never built. If
a 5-bgd (219-m3 /sec) complex were built later, these costs would, of course, be
recovered.

BENEFITS FROM A NEW WATER AND POWER SUPPLY TO THE FOUR STATES

Earlier sections of this chapter presented cost estimates for undertakings
which could provide 1 bgd (43. 8 m 3 /sec) of distilled water and approximately 2, 000
MW of electricity in single installations, in terms of both present day and advanced
technology. Conveyance systems have been investigated which could deliver this

new water to representative receiving points in both the United States and Mexico.
From these points, the water could be added to existing supplies, conveyed to fu-
ture areas of use, replace detrimental overdrafts, be exchanged with other water
commitments to provide new supplies, supply growing M&I needs, or be used to
initiate new irrigation projects. In this section, the opportunity afforded to serve
as a source for augmenting the Colorado River and the potential values of such new
supplies of water for the region are also discussed.

It is recognized that evaluations of potential benefits from developing a new

source of high-quality water must also consider the possible associated costs in-
volved in delivery to M&I water supply systems and to farm headgates. The
magnitude of these costs can vary in relation to the timing, type of use, and the
specific points of application. For the initial blocks of water, these costs may
be at a minimum, as declining natural surface supplies in the lower basin make
available unused capacities in existing and planned facilities, and opportunities
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occur for exchanges and displacement. On the other hand, additional conveyance,
storage, and distribution facilities will be necessary. More detailed studies on

both benefits and associated costs are required before definitive economic

parameters can be established.

Potential Alternative for Augmenting the Colorado River

As discussed in chapter II, the present and anticipated water supply in the

Colorado River basin in both the United States and Mexico indicates that serious
deficiencies are beginning to be experienced. The imbalance between require-
ments and availability of water throughout the entire basin will become more and
more critical especially after 1980. There is widespread agreement that new
water supplies in the basin are necessary, not only to meet rising demands, but
as a solution to the possible economic stagnation of areas of great and proven
productive potentials.

Desalting of sea water is one of the most important contenders of the four
principal alternatives for augmenting Colorado River supplies-the others are
long-distance surface imports from other basins, weather modification, and
water salvage measures. Desalting of the unlimited seas has the advantage of
creating new supplies of fresh water, rather than effecting a shift of resources
from one area to another.

The projected costs of desalted water presented in the preceding section in-

dicate that a dual-purpose plant using Gulf of California sea water provides a
viable alternative for augmenting supplies of the Colorado River. Joint develop-
ment of a desalting plan by the United States and Mexico could effect savings
through the use of common sites and large-scale construction of facilities to the
benefit of both countries.

Water for M&I Use

The highest priority of use and the highest potential value for water is
domestic and municipal consumption and industrial use. The economic value for
each specific use varies widely, and is complicated by the fact that some uses
are not consumptive and permit the water to be used over again. However, many

studies have shown that, although the cost of providing M&I water varies over
wide limits, the amounts used for domestic purposes per capita are not notably
elastic. In other words, when water becomes very expensive the demand is not
affected proportionately as users are willing to pay the high cost, eliminating
only the most wasteful uses.
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In many municipal areas, a series of new water projects have been com-
mitted, each calling for greater expense than the last, and yet the per capita
consumption of water increases steadily.

The readiness of cities to spend whatever it may require to obtain adequate
water supplies shows that the economic benefits of water are large. On the
other hand, the market value at any particular stage of development is limited by
the cost of the cheapest alternative source for the next increment of supply be-
yond the one then in use.

Indicative of current market values reflecting the influence of increasing
alternative costs are the prices municipalities are paying for supplies furnished
by the California Water Plan. Water costs for transporting northern California
surface water 400 to 500 miles to municipal systems in the southern part of the
state range from 18 to 35 cents per 1, 000 gallons ($60 to $115 per acre foot),
depending on the locality, the quantity of water taken, and the additional local
transport costs entailed. 1 As more costly resources are tapped, future incre-
ments of supply will most likely prove more expensive.

The extra value of high-purity water for M&I use could have special interest
in the lower Colorado River area where the present source is somewhat saline.
Benefits are normally measured in terms of cost penalties associated with use of
water of poor quality. Cost for municipal and domestic supplies are related to
water-softening requirements, consumption of soap and detergents, corrosion
of pipes and other facilities, and accelerated fabric wear. For domestic use
both the U. S. Public Health Service and the Mexican Ministry of Health and Wel-
fare have established a maximum dissolved solids recommendation of 500 ppm
for approved water supplies and recommend 500 ppm dissolved solids but accept
up to 1, 000 ppm. Some of the supplies in the area are above this approved limit,
but it is difficult to point to any clearly recognized ill effects except that is it not
unusual for householders to invest in home water softeners and purchase expen-
sive bottled water for personal use. Assuming no remedial measures are in-

stituted for salinity alleviation and development of the water resources of the
Colorado River basin continues, then the salinity is expected to increase. Under
these circumstances, high-purity water would, in addition to providing high-
quality initial use, allow greater reuse of the water supply.

Some idea is gained on the willingness of consumers to pay for improved
domestic supplies by reference to the costs of water softening. Costs for the re-
duction of 100 ppm of hardness (carbonate and sulfates) are reported to range

1State of California, Department of Water Resources, Bulletin No. 119-2,
February 1963; Bulletin No. 132-63, April 1963; and Bulletin No. 119-3, May
1963.
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from 5 cents per 1, 000 gallons (. 16 pesos per m 3) for treatment in fairly large
municipal plants (20 mgd) to over one dollar (3.3 pesos per m3 ) per 1, 000 gal-
lons for home softening. 2

Industrial demands may be classified according to use such as cooling, boiler

feed, processing, sanitation, and general purpose. Boiler feed and process water

are particularly sensitive to salinity levels. Although the largest proportion of

total industrial use in the Colorado River basin is for cooling, boiler feed and proc-

ess water is becoming of greater importance. The adverse effects of degraded
water on industrial uses are almost infinitely varied. For certain industries such
as in manufacturing fine chemicals, electronics production, and photographic proc-

essing the quality of water can be of major concern and special water treatment
is usually employed regardless of local water purity. Preliminary U. S. Public
Health Service studies on water-quality benefits in the Sacramento-San Joaquin delta

area in California suggest a range of values of 6 to 12 cents per 1, 000 gallons (. 20
to .40 pesos per m3 ) per 100 ppm ($20 (250 pesos) to $40 (500 pesos) per acre foot).

In an extreme case in the delta, a severe period of poor quality forced one of the
major industries to suspend production temporarily until conditions improved.

As noted, small cities must necessarily experience higher costs in estab-

lishing their first water supply in arid regions. The provision of a regional sup-
ply overcomes part of this barrier and higher benefits can be attributed to water

used to serve small cities, or to establish new ones. It is to be expected that the

site of the first nuclear dual-purpose desalting plant will itself become a city,
first of construction workers, then of production personnel, factory workers,

farmers, and service industries. The recreational opportunities of the Gulf of
California could lead to the establishment of resorts, hotels, and retirement
settlements along the coast. In a region which, for the most part, lacks water,
power, roads, and seaport facilities which the project could bring, the com-
bined benefits of the project have a major impact.

Until further information is developed on timing of supplies, specific points
of use, potential industrial applications, and threshold levels where quality
problems occur, no quantitative estimates of benefits can be made. The broad
ranges of alternative costs of M&I supplies and treatment previously mentioned

only establish general orders of magnitude and the wide variations that are
possible.

Water for Agriculture

The lower Colorado River basin in the U. S. and Mexican areas possesses
climate and soil resources which provide as fruitful a location for application of

2Howson, Louis R.: "Economics of Water Softening, " Journal of the American

Water Works Association, February 1962, pp. 161-166.
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additional water supplies as anywhere in the country. The growing season is
virtually yearlong. Cropping potentials include some of the highest value crops
grown anywhere in the United States, when moisture is provided to supplement
the sparse rainfall.

Climate data illustrative of agricultural conditions are shown in table VI-5a,
VI-5b, and VI-5c. Material which may be considered supplementary to that
given in the table was presented at the meeting held in San Diego, California,
November of 1967:

Rainfall. The desert areas of the Peninsula of Lower California and of the
coasts of Sonora receive less than 200 mm annually. On the coasts of the Gulf of
California, north of the Islands of Tiburon and Angel de la Guarda, as well as in
the central part of the Peninsula, annual rainfall is even less than 100 mm.

Annual rainfall fluctuations in the northwest region of the country are very
strong, which is characteristic of arid zones in general.

Rain falls in this region generally from June to September and the months of
heaviest rainfall are July and August. Only on the extreme northwest coasts of
Lower California are the rains in winter; most rainfall occurs in December,
January, and February.

Temperature. The temperature observed in the region from 1952 to 1962
have been as follows:

Annual average: 220 C.
Absolute minimum: -180* C.
Absolute maximum: 55 C.

Evaporation. In the arid surroundings of the northwest, potential evapora-
tion exceeds rainfall and registers average annual values of 2, 500 mm. Some
values for certain stations are the following: 2,443 mm in San Luis Rio Color-
ado; 2, 542 mm in San Felipe; 2, 831 mm in Presa Altar, and 2, 613 mm in
Hermosillo.

Soils. The agrological investigations that have been made in the country do
not permit a detailed soil classification of the region north of the Gulf of Californ-
ia, except in Mexicali Valley where surveys of this type have been made. Never-
theless, general soil maps of Mexico ascribe to the region indicated zonal soils,
on which the climate has had a very great influence: Pedocalo-Sierozen (charac-
teristic of dry and semi-dry regions).

This type of soil has a grayish-brown color and is usually composed of large
particles of shallow-depth, loamy sand. Because of the sparse vegetation it sup-
ports, it has little organic material. With irrigation, this type of soil can be
used for agricultural purposes.
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Table VI-5a. -Climatological Data of the Region North of Lower California and Sonora

Average rainfall Period observed Average temperature Evaporation
Name of station (in degrees

(in mm) (in years) Centigrade) (in mm)

Caborca..................... 190 9 220 .8C
Costa Rica.................. 226.6 1 23.6
El Oregano.........................344.4 22 26.2 2 405.3
El Riito...........................44.7 14 220 .C
Hermosillo.........................237.9 34 25.3
Puerto Libertad............. .... 97.5 1 20.6 2 183.0
Puerto Penasco.............. ..... 33.8 12 21.7
Puerto Penasco.............. ..... 73.6 15 20.1
Pitiquito..........................220.0 9 22.5 2 127.0
Presa Abelardo Rodriguez.... 309.9 17 24.1 2 612.7
Presa Cuauhtemoc............ 300.9 22 21.3 2 830.7
Sonoita..................... 184.7 14 21.2

Source : Compiled from Hydrological Bulletin No. 22 - Secretaria de Recursos Hidraulicos.

NOTE : Present and future conditions of hydraulic resources correspond to the region north of the

Gulf of California.

Presented at the meeting held in Yuma, Ariz., April 1966.



Table VI-5b. -Annual Average Number of Days with Killing Frost

Pitiquito Station Caborca Station Mexicali Station

Years Days with Y Days with Years Days with
killing frosts Years killing frosts ___rs killing frosts

195+4
1955
1956
1957
1960

1
4

5
2
3

1927
1928
1929
1930
1942
19)45
19)46
19)47
19)48
19)49
1950
1951
1952
1954

7
1
8
5
6
2

25
8
5

31
19
17
3
6

1921
1922
1923
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1947
1948
19)49
1950
1951
1952
1953
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967

11
38
43
12
13
15
19
18
15
5
4

29
7

32
23
36
36
33
33
2
4

13
18

5
7

10
15

4
4
5

Total 15 Total 143 Total 509

Average 1 Average 3.6 Average 10.8

Period 1954-66 Period : 1927-66 Period 1921-67

Total

Average

Period

Total

Average

Period

422

13.2

1921-52

87

5.8

1953-67
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Table VI-5c. -Climatic Data-Lower Colorado River Basin Areas

Average annual
Days between

State and county Station killing frosts precipitation,
in.

Arizona

Maricopa Phoenix 304 7.62
Pima Tucson 245 11.16
Mohave Fort Mohave 290 4.76
Yuma Yuma 348 3.58

California

Imperial Brawley 303 2.43
Calexico 311 3.18

Riverside Indio 299 3.25

The Lower Colorado River basin produces a wide variety of agricultural
crops, ranging from grain and hay for livestock feed to citrus, dates, grapes,

olives, and table vegetables. Many of the crops constitute a highly important
segment of both countries' supply of winter and early spring production of fruit and

vegetables. The potential exists for growing extremely high-value crops in large
quantity in the valley; however, the extent to which they are currently produced
is limited only by demand and other economic factors. The wide range of gross
crop values grown at major irrigation projects, as shown in table VI-6, discloses
great possibilities to maximize gross income by concentrating on crops such as
fresh tomatoes, cantaloupe, citrus, and a few others. The range in gross crop
income reaches to over $3, 000 per acre.

Increases in fresh fruit and vegetable production have been principally de-
pendent on demands occasioned by population growth and changes in dietary pref-
erences. There have been important improvements in the composition of the
typical diet in the past two decades by reason of the increasing affluence of con-
sumers and the availability of fresh and frozen fruits and vegetables. This trend
in the market potential is illustrated by statistics on citrus fruit production on
the Bureau of Reclamation projects in the United States.. Farmers on Federal
irrigation projects expanded citrus plantings sixfold between 1952 and 1966 and
increased their receipts from citrus by 14 times on a constant dollar basis.
Vegetable and truck crop acreage also increased significantly, with a 200 percent
growth in the same period.
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Table VI-6. -Gross Crop Values per Acre-Selected Projects in the U. S.
U. S. Bureau of Reclamation-1966

($U.S.)

Boulder Canyon

Crops GSalt YuaRiver Coachella Imperial Gila Yuma auxiliary

district district

Cereals...................
Forage....................
Cotton....................
Vegetables

Asparagus...............
Beans, fresh...........
Broccoli................
Carrots.................
Cauliflower.............
Celery..................
Lettuce.................
Cantaloupe..............
Onions, green..........
Peppers.................
Squash..................
Sweet corn, fresh......
Tomatoes, fresh.........
All other..............

Fruits
Grapefruit..............
Lemons..................
Oranges.................
Dates...................
Grapes, table..........
Olives..................
All other..............

Pecans....................

Average, all crops.......

Range.....................

88
161
299

413
1,125
336

1,248

1,397
465

2,712
1,465

499
380

3,080
832

864
726
364

1,935
1,007

150

913

88 to 3,080

78
81
264

603
270
577

1,485
820

1,911
1,460
1,000
1,829

200
364

1,810
608

625
1,170

870
801

1,500
1,000

381

78 to 1,911

81
146
266

736
1,014

797

1,122

266

343
81 to 1,122

71
108
431

618

816
630

200
300
500
615

411

415
825

480

480

71 to 825

91
93
191

780

788

920

584

700

210
509
700

255

91 to 920
-~ & L

a,1

1,392
553
518

839

518 to 1,392



In the lower Colorado River area of the U. S. some 42, 000 acres of citrus are
being grown at present. Vegetable and truck crops exceed 124, 000 acres. Judg-
ing from past rates of expansion, continued availability of water at reasonable
prices in the lower Colorado River basin could permit the acreages of these
specialty-type crops to be increased by several hundred percent in the next two
decades to meet growing needs. A realistic appraisal of the benefit of additional
water, or improved quality of water, necessarily rests upon the values it can
produce in use. Agricultural values are keyed to the production of foods and fiber
for the marketplace. It is anticipated that in maintaining economic balance the
distribution of crops grown with new water would reflect present conditions until
market demands and regional competitive influences provide growth factors and
intensification in the crop patterns. The cropping pattern and the relative im-
portance of various crops in the lower Colorado River basin in 1966 (table VI-7)
(see app. VI-A, fig. VI-A-6 for details), shows that present-day farmers will
have the opportunity to shift to more intensive high-value crops if the market

Table VI-7. -Cropping Patterns and Relative Importance of Various Crops
for Lower Colorado River Basin Projects

Bureau of Reclamation-1966

Area Value

Crops Acres $ U.S.
(i,000) Percent Percent

Cereals.........................328 40 26,522 8

Forage..........................547 67 48,775 15

Miscellaneous field crops.... 199 25 48,818 16

Vegetables........................124 15 135,096 43

Seed.......................... 36 5 6,384 2

Fruits and nuts.................57 7 44,526 14

All other..........................8 1 6,873 2

Subtotal................... 1,299 160 316,994 100

Less double-cropped...... 485 60

Net total............ ....814 100 316,994 100
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demand and other economic factors, such as production costs, permit. Signifi-
cant increases in demand for these crops are predicted over a period of the next
two decades, and these will be of crucial importance over the long term because
developed agricultural areas where this type of specialized cropping can be
practiced, are limited.

Before benefits from the use of the desalinized water can be determined, in-
formation will be needed on: the timing of initial service and duration of period
of project service; location of land to be irrigated; whether the water will be used
wholly as a new supply or for blending with supplies in use at the time; and the
effects of quality on yields.

At present, not enough is known about the actual effects of various levels of

water quality on crop production under field conditions to identify beneficial
effects from water-quality improvements. Tolerance to salinity depends on the
kind of mineral elements in the water as well as the concentration, the physical
and chemical characteristics of the soil itself, and on the quantity of water ap-
plied and the stage of plant growth. It is the salt content of the soil solution
rather than the quality of the irrigation water which is the ultimate factor which
affects yield. Some plants are less tolerant of salt than others. Farm manage-
ment practices can be altered to compensate for salinity effects in some cases.
Not much investigation has been conducted in the direction of genetic alterations
of plants to increase salinity tolerances.

Most of the adverse effects of the existing salinity levels in the area occur

during germination and seedling stages. Special practices are required to
mitigate these effects of salt concentrations in irrigation waters for certain sen-

sitive crops such as lettuce. It is quite certain that important savings in farm
costs, as well as in amounts of water applied, could be made if water-quality
levels could be improved. Projected future salinity concentrations for Colorado
River water are higher than present levels. Experimental data indicate that irri-
gation water applications can be reduced by approximately one-fourth for salt-

sensitive crops as water quality is improved from a level of 1, 000 ppm to a level
of 500 ppm. Dilution of present irrigation water with distilled water would im-
prove quality proportionally and could result in potential gains from the following

types of effects:
1. Increase yield of crops.
2. Permit more widespread production of higher value salt-sensitive crops.
3. Conserve water and permit expansion of acreage.
4. Reduce costs related to water application and facilities for handling irri-

gation and drainage water.
5. Reduce fertilizer cost by reducing leaching.

The provision of new supplies and the improvement in quality will not only gener-
ate direct benefits through increases in net income to farmers, but also gains in
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income to others as a result of the increased flow of agricultural products and the

economic growth stimulated.

The general magnitude of benefits from diversified farming can be judged by

studies made for agricultural areas in central Arizona for the proposed Central

Arizona Project. Direct benefits representing increases in net farm income were

estimated at 12 cents per 1, 000 gallons (. 40 pesos per m3 ) ($40 per acre foot) and
indirect benefits at 13 cents per 1, 000 gallons (. 43 pesos per m3 ) ($43 per acre
foot). These estimates reflect an average of a wide range of crops with low and

high extremes representing returns from forage and feed grains to intensified
production of fruits and vegetables. A greater distribution of crops into the latter

category would, of course, effect an increase in these values.

Community and regional impacts from additional water supplies in the south-
west desert areas can be quite important. For example, a half-million acre-foot

supply of water for irrigation will aid in offsetting encroachments on the present

acreage under irrigation. Urban, commercial, highway, and airport encroach-
ments on irrigated lands are gradually reducing productive farm acreage. On
the Salt River Project alone, 76, 000 acres (3 x 108 m2 ) have been lost to these
nonfarm encroachments. Stabilization of farm-linked and derivative businesses

would be one of the more important benefits of an improved water supply. Studies
made a few years ago on the Yuma and Gila Projects revealed that net income
and wages in agriculture amounting to $9. 7 million (121 million pesos) in those
areas gave rise to another $16. 9 million (210 million pesos) of local off-farm in-

come. Introduction of irrigation into a raw land area results in a widespread

stimulus to the economy. Investments made in land development and improve-
ments, as well as those made in the primary project works, are reflected in im-
proved business conditions locally and at the points where the materials and
equipment are produced. As an example of this, the construction of Glen Canyon
Dam in northern Arizona required that nearly 60 percent of the $110 million

(1,380, 000, 000 pesos) spent for materials and equipment be obtained from non-
local sources. For each million dollars of construction cost there were 58 man-

years of direct onsite labor and 50 man-years of offsite labor for manufacture
and transportation of the construction materials. Investments made by farmers
in this region could be expected to be about $100, 000 per farm. The effect of

these early-stage expenditures would reach into the more industrialized sectors
of the economy.

Stimulation of the agricultural sector would not only have favorable reper-
cussions in terms of increased employment, new business opportunities, and an

enlarged tax base but, from a broader viewpoint, the development of new re-
sources would contribute toward objectives relating to dispersion of population
and industry and the growth of the regional productive capabilities.
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Potential Power Benefits

The benefits from increased efficiency and economic growth associated with
the provision of low-cost power is difficult to assess in specific monetary
amounts. Conventional appraisals of the beneficial effects of new sources of
electric energy are based on estimates of alternative costs likely to exist in the
absence of the project. As discussed in chapter III, prospective power costs
from large dual-purpose nuclear stations would be competitive with other sources
developed on a single-purpose basis and offer opportunities for savings where
alternatives must rely on the construction of smaller plants or where transmis-
sion facilities for long distances are required.

For this analysis it was assumed that the potential power production would
be transmitted outside the immediate area of the production site and disposed of
at established market regions in the United States and Mexico. At this stage of
investigation, the proposal is not sufficiently defined to permit study of large
power-using industrial complexes. There are, however, examples such as the
experience of the United States in the Tennessee Valley and the Columbia River
basin where large blocks of low-cost power stimulated basic industrial growth
where adequate supplies of good water were also available. Locational factors
such as transportation, labor supply, and distances to market would have to be
considered in future studies of the industrial potential of the area.
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CHAPTER VII

CONCLUSIONS AND RECOMMENDATIONS

The Study Team has concluded that dual-purpose nuclear plants are a tech-
nically feasible method of supplying fresh water and electricity to the States of
Mexico and the United States that border the lower Colorado River. Such plants
could provide the required quantities of water and could enhance the quality of
water in the region.

In addition, the study team concluded:

1. An initial plant selected for study purposes, that had water output of 1
bgd and a gross power capacity of approximately 2,000 MWE could be constructed
by scale-up of present-day technology. After the decision to proceed has been
made, between 9 and 10 years would be required to achieve on-stream operation,
provided funds are made available on an appropriate schedule.

2. The most promising locations for such a plant appear to be on the border

east of San Luis Rio Colorado, near El Golfo de Santa Clara, or between these
two locations near Riito. Final site selection would depend on a more detailed
economic evaluation and investigation of all siting factors, such as geology and

seismology.

3. The water produced by the first plant is needed by both countries to

reduce ground-water overdraft and to aid in supporting projected municipal and

industrial growth. The water deficit for the region is projected as increasing
from about 1,300 mgd in 1980 to 2, 500 mgd in 1995, assuming no new agricultural

development. Under average hydrological conditions, however, presently planned
distribution systems in the U.S. would not have unused capacity for distribution

of water from this first-phase plant before 1985. In Mexico, additional distribu-
tion systems would be required.

4. Based on 1966-1967 price indexes, the total capital cost for the first

plant system, including product water conveyance to the major distribution cen-

ters, varies from about $850 million to about $1000 million as the fixed charge

rate is changed from 4% to 10% when the plant is located at the least-cost site.
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Different locations could increase the cost at any given fixed charge rate by as

much as $250 million. For an advanced system in the 1990 time period, it is

estimated that the total capital cost would be reduced 20%. Annual costs for the
complete system vary from about $80 million to $180 million per year, pri-

marily depending on plant location and the fixed charge rate.

5. The total water costs at the distribution center from the first plant (1980

time period) would vary from about 15 1/2 cents to 33 cents per thousand gallons

for the least-cost plant located as a function of fixed charge rates. For the

greatest cost location, water costs would vary from about 17 cents to 40 cents

per thousand gallons. The product water -conveyance contribution to the total

cost is about 2 cents per 1,000 gallons. In the 1990 time period, technological
improvements are projected to decrease water costs from about 6 cents to 10

cents per 1,000 gallons.

6. Electricity costs (excluding transmission) for the first plant at 90% load

factor vary from 1.8 mills per kilowatt hour at a fixed charge rate of 4% (0.6%

interest rate) to 3.1 mills per kilowatt hour at a fixed charge rate of 10% (8.92%

interest rate). Breeder reactors, projected for the advanced plants, are

expected to reduce electricity costs by about 0.5 mills per kilowatt hour.

7. Owing to the low cost of power produced from these plants and the

growth of the power demand in the United States and in Mexico, it appears that

the output from the first plant could be marketed. If the ability to market addi-
tional baseload power in later time periods were limited, the remaining water

demand could be met by water-only systems of advanced design at a relatively

small estimated cost penalty.

8. The economic value of desalted water must include consideration of its

incremental value in relation to water from alternate sources. The incremental

value of this high-quality water can be attributed to such factors as a more
dependable water supply system; the reduced requirement for municipal and

industrial treatment; the possibility of increasing crop production per unit of

water applies; and the reduced need for leaching. The increment of value can-
not be quantified at this time owing to a lack of sufficient data.

9. The use of breeder reactors and advanced desalting processes is expected

to result in significant reductions in both power and water costs. The practica-

bility of using this advanced technology depends on successfully conducting devel-
opment programs, particularly for large desalting systems.
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RECOMMENDATIONS

The technical feasibility of large dual-purpose plants for the region has
been established. The preliminary economic assessment leads the Group to
recommend that further detailed studies be carried out in order to firmly estab-
lish the economic practicability. Therefore, to complete the intent of the agree-
ment, it is recommended that the following investigations be conducted by gov-
ernment with the help of private engineering firms where appropriate.

1. The present study is based on 1966-1967 price indexes. In recognition
of the impact of changes in the price indexes on the cost of such long-term pro-
grams, the probable effect of such changes should be evaluated over the period
considered in the study.

2. Verification and refinement of cost estimates should be obtained, including
contact with vendors to obtain preliminary bid estimates. Consideration should
be given to employing competent engineering firms both in the United States and
in Mexico to assist in this effort.

3. In the present study, only preliminary consideration was given to the

effect of seismic activity and geological conditions in regard to the location of
the reactor and the design of associated conveyance systems. For providing
more detailed insight into this important consideration, the three representative
plant locations should be studied in greater depth to determine their suitability,

taking into account the probable conditions for nuclear licensing, and to adjust
the preliminary costs to accommodate the geologic and seismic factors. Three
sites recommended for further study are at the border near San Luis Rio Colo-
rado, in the region of El Golfo de Santa Clara, and near Riito.

4. A detailed study should be made of the economics and of the timing for
using the water from the first plant, with particular consideration to the earliest
possible period when the water could be distributed for effective use. Full con-
sideration should be given to the quality value of the desalted water.

5. The terms under which the power, especially for the first-phase plant,
could be marketed should be analyzed and discussed with the utilities of the
region.

6. Criteria should be developed, cost estimates should be made, and planning
should be initiated for the establishment of an experimental farm program to
obtain specific information pertinent to the area regarding the value of improved
or high-quality water in the production of food or fiber crops.
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7. Each country should consider initiating studies of the overall impact on

regional development and economics that would result from the proposed addition

of water and electric power into the region.

8. Although milestones in technological development are presented here, it
is necessary to define in more depth an overall system research and development

program to establish a large-component development and testing schedule.

9. An adequate long-range program should be intiated for studying the effect
of a desalting plant on the marine ecology of the region. The program should be
started early enough to permit the accumulated data to be used in designing the
first large plant.
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MULTILATERAL
Desalting

Agreement signed at Washington October 7, 1965;
Entered into force October 7, 1965.

AGREEMENT BETWEEN THE GOVERNMENT OF THE UNITED
STATES OF AMERICA, THE GOVERNMENT OF MEXICO
AND THE INTERNATIONAL ATOMIC ENERGY AGENCY
FOR A PRELIMINARY STUDY OF A NUCLEAR ELECTRIC
POWER AND DESALTING PLANT

1. A Study Group shall be established by the Government of
the United States of America, the Government of Mexico and the
International Atomic Energy Agency (hereinafter called the
"Agency") in order to make a preliminary assessment of the technical
and economic practicability of a dual-purpose nuclear power plant
designed to produce fresh water and electricity for the arid region
in the general area referred to in paragraph 2.

2. The general area to be studied shall be the States of California
and Arizona in the United States and the States of Baja California
and Sonora in Mexico.

3. The Study Group shall take into account the requirements
of the area in question for electricity and fresh water for the purpose
of estimating the size and type of plant needed to meet immediate
and future requirements for industrial electric power and water for
domestic, industrial and agricultural use.

4. The Study Group shall make a preliminary assessment of the
economic advantages of various possible sites for the plant within the
general area, taking into account pertinent factors and possible type-
and sizes of plants.

5. The Study Group shall consider different reactor types and
power-producing systems and desalting methods with a view to
recommending the best combination of power source and desalting
plant.

6. The Study Group shall be composed as follows:

(a) A Chairman appointed by the Agency after consultation
with the Government of the United States and the Government
of Mexico. The Chairman may be an official of the Agency or an
expert of acknowledged competence from any Member State of the
Agency other than the United States and Mexico.
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(b) Four experts appointed by the Government of Mexico,
one from each of the following fields:

Water resources;

Water desalting;

Nuclear power;

Electricity generation.

(c) Four experts in the same fields appointed by the Gov-
ernment of the United States.

(d) An official of the Agency to act as Scientific Secretary of
the Group.

The Study Group may enlist the services of other experts as temporary
consultants.

7. The salaries and allowances, as well as the cost of travel and
subsistence, of the experts appointed by the Government of Mexico
shall be paid by that Government. The corresponding costs for the
experts appointed by the Government of the United States shall be
paid by that Government. The costs pertaining to the Chairman
and the Secretary of the Study Group shall be borne by the Agency.
Any cost in connection with other experts or firms enlisted by this
Study Group shall be paid by the Government of the United States
or the Government of Mexico or both, as may be agreed between
them taking into account recommendations by the Study Group.

8. The Study Group shall decide on the places where it shall
meet and the duration of its meetings. The costs of the local facilities
and services for the meetings shall be paid by the Party sponsoring
them.

9. In the first stage of its work, the Study Group shall compile
data in the United States and Mexico on electricity and fresh water
requirements in the area under consideration. An assessment shall
be made in respect of requirements in these two fields up to 1995.

10. In the second stage of its work, the Study Group shall meet
to make a joint study of the data compiled and to decide on the best
alternatives for a plant capable of meeting the fresh water and elec-
tricity requirements.

11. In the third stage of its work, the Study Group shall draw
up a comprehensive report on present and future requirements for
fresh water and electricity in the area. A study shall also be made of
the economic aspects of the various alternatives selected during the
second stage.

12. In the fourth stage of its work, a final report with conclusions
on the work of the Group and recommendations for further action,
including the desirability of a detailed engineering study, shall be
submitted to the Government of the United States, the Government
of Mexico and the Agency for consideration.
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ACUERDO ENTRE EL GOBIERNO DE LOS ESTADOS UNIDOS
DE AMERICA, EL GOBIERNO DE MEXICO Y EL ORGANISMO
INTERNACIONAL DE ENERGIA ATOMICA PARA LLEVAR
A CABO UN ESTUDIO PRELIMINAR DE UNA PLANTA
NUCLEAR DE ENERGIA ELECTRICA Y DESALADORA

1. Se establecerL un Grupo de Estudio por el Gobierno de los
Estados Unidos, el Gobierno de Mxico y el Organismo Internacional
de Energia At6mica (denominado en adelante el "Organismo"), a fin
de hacker una apreciaci6n preliminar de las posibilidades t~cnicas y
econ6micas de una plant nuclear de potencia con el doble prop6sito
de producir agua dulce y energia eldctrica para la region 6rida del
Area general a que se hace referencia en el p.rrafo 2.

2. El area general que serf estudiada es la de los Estados de
California y de Arizona en los Estados Unidos y los Estados de Baja
California y Sonora en M6xico.

3. El Grupo de Estudio tomara en cuenta las necesidades del
Area en cuesti6n por lo que toca a electricidad y agua dulce, con el
objeto de estimar el tamado y el tipo de plant que se requiere para
satisfacer las necesidades inmediatas y las futures de energia el6ctrica
industrial y de agua para usos dom6sticos, industriales y agricolas

4. El Grupo de Estudio harA una apreciaci6n preliminar de las
ventajas econ6micas que ofrecen diversos lugares para la plant
dentro del Area general, tomando en cuenta los factores pertinentes y
los posibles tipos y tamafos de plantas.

5. El Grupo de Estudio considerara diferentes tipos de reactores y
sistemas de producci6n de energia y m6todos do desalar, con el objeto
de recomendar la mejor combinaci6n de fuente de energia y de planta
desaladora.

6. El Grupo de Estudio estarA integrado en la siguiente forma:

(a) Un Presidente nombrado por el Organismo despus de
consultar con el Gobierno de los Estados Unidos y con el Gobierno
de M6xico. El Presidente puede ser un funcionario del Organismo
o un experto de reconocida competencia de cualquiera de los
Estados Miembros del Organismo, que no sean los Estados Unidos
ni Mexico.

(b) Cuatro expertos nombrados por el Gobierno do Mexico, uno
por cada uno de los siguientes campos:

Recursos hidraulicos;

Desalaci6n de agua;

Energia nuclear;

Generaci6n de energia electrica.

(c) Cuatro expertos en los mismos campos nombrados por el
Gobierno de los Estados Unidos.

(d) Un funcionario del Organismo que actuar cono Secretario
Cientifico del Grupo.
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El Grupo de Estudio puede acer uso de los servicios de otros expertos
como consultores temporales.

7. Los sueldos y prestaciones, asi como el costo de transports y
viAticos, de los expertos nombrados por el Gobierno de M6xico,
serain cubiertos por el mismo. Los gastos correspondientes de los
expertos nombrados por el Gobierno de los Estados Unidos serAn
cubiertos por el mismo. Los costos relatives al Presidente y al
Seeretario del Grupo de Estudio serAn sufragados por el Organismo.
Cualquier costo en relaci6n con los otros experts o empresas, de
cuyos servicios haga uso el Griupo de Estudio, serAn cubiertos por el
Gobierno de los Estados Unidos o por el Gobierno de M6xico, o por
ambos, segcin el acuerdo a que lleguen centre ellos, y tomando en
cuenta las recomendaciones del Grupo de Estudio.

8. El Grupo de Estudio decidirA sobre los lugares y la duraci6n de
sus reuniones. Los costos de los servicios y de las facilidades locales
que se requieran para las reunions serAn pagados por la Parte que
las auspicie.

9. En la primer etapa de sus labores, el Grupo de Estudio
recopilarA datos en los Estados Unidos y en M6xico sobre las necesi-
dades de energia electrica y de agua dulce en el Area a consideraci6n.
Se harA una apreciacion con respect a las necesidades en estos dos
campos hasta 1995.

10. En Ia segunda etapa de sus labores, el Grupo de Estudio se
reuniri con el objeto de llevar a cabo un examen conjunto de los
datos recopilados y para decidir cuAles son las mejores alternativas
de una planta capaz de satisfacer las necesidades de agua dulce y de
energia eldctrica.

11. En la tercera etapa de sus labors, el Grupo de Estudio
prepararA un informed completo de las necesidades presents y futuras
de agua dulce y de energia el6ctrica en el Area. Tambi6n se harA
un estudio de los aspectos econ6micos de las diversas alternatives
seleccionadas durante la segunda etapa.

12. En la cuarta etapa de sus labors, se someterA a la considera-
ci6n del Gobierno de los Estados Unidos, del Gobierno de M6xico
y del Organismo, un informed final con conclusions sobre los trabajos
del Grupo de Estudio y con recomendaciones para actividades
posteriors, incluyendo la conveniencia de efectuar un studio
detallado de ingenierfa.
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DONE at Washington, in trip-
licate, in the English and Spanish
languages, this 7th day of
October 1965.

SUscRiTo en Washington, por
triplicado, en ingls y en espanol,
el 7 de octubre de 1965.

FOR THE GOVERNMENT OF TH[E UNITED STATES OF AMEIUCA:
POR EL GOBIERNO 1)E LOS ESTAIJOS UNII)OS I)E AMEI;ICA:

STEWART UDALL

GLENN T. SEABORG

JACK H. VAUGHN

FOR THE GOVERNMENT OF MEXICO:
POR EL GOBIERNO DE MEXICO:

HUGO B. MARGAIN

NABOR CARRILLO FLORES

FOR TILE INTERNATIONAL ATOMIC ENERGY AGENCY:
POR EL ORGANISMO INTERNACIONAL 1)E ENERGIA ATOMICA:

SIGVARD EKLUND
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STUDY TEAM MEMBERS

International Atomic Energy Commission (IAEA)

Dr. Pierre Balligand, Assistant Director of the Nuclear Studies Center of
Grenoble, France. Chairman.

Ing. Jorge Spitalnik, Division of Nuclear Power and Reactors, IAEA
Scientific Secretary.

U.S. Section

Dr. Jack A. Hunter, Director, Office of Saline Water, United States
Department of the Interior, Member for Water Desalting and Head of
the U.S. section.

Dr. David F. Cope, U.S. Atomic Energy Commission, Member for Nuclear
Power.

Mr. Emil Lindseth, Bureau of Reclamation, U.S. Department of the
Interior, Member for Water Resources.

Mr. Milton Chase, Office of the Assistant Secretary for Water & Power
Development, Department of the Interior, Member for Electricity

Generation.

Mexico Section

Dr. Carlos Graef Fernandez, Director General, Nuclear Center of Mexico,
Member for Nuclear Power and Head of the Mexico section.

Dr. Alberto Barajas, Mexico Nuclear Energy Commission, Member for
Water Desalting.

Ing. Jose Ramos Magaia, Hydrology Commission of the Valley of Mexico,
Member for Water Resources.

Ing. Juan Eibenschutz, Mexico Federal Electricity Commission Member
for Electricity Generation.

STUDY TEAM ALTERNATE MEMBERS

U.S. Section

Mr. William Savage, Office of Saline Water, U.S. Department of the
Interior, Alternate for Water Desalting.
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Dr. R. Phillip Hammond, Oak Ridge National Laboratory, Alternate for

Nuclear Power.

Mr. Jack Jorgensen, Bureau of Reclamation, U.S. Department of the

Interior. Alternate for Water Resources.

No alternate for Electricity Generation.

Mexico Section

Dr. Arnulfo Morales Amado, Nuclear Center of Mexico, Alternate for
Nuclear Power.

Ing. Isidro Becerril Salinas, Mexico Federal Commission of Electricity,
Alternate for Electricity Generation.

Ing. Pedro J. Caballero, Secretariat of Hydraulic Resources, Alternate
for Water Resources.

No alternate for Water Desalting.

SUMMARY OF ATTENDANCE AT VARIOUS SESSIONS

First Session, December 13 to 16, 1965

Mexico City, Mexico

Team Members and Alternates

IAEA

Dr. Pierre Balligand, Chairman.

Ing. Jorge Spitalnik, Scientific Secretary.

U.S. Section

Dr. Jack A. Hunter, head of section.

Dr. David F. Cope, team member for nuclear power.

Mr. Milton Chase, team member for electricity generation.

Mr. Emil Lindseth, team member for water resources.
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Dr. R. Phillip Hammond, alternate for nuclear power.

Mr. J. T. Casey, Bureau of Reclamation, U.S. Department of the
Interior acting alternate for water resources.

Mexico Section

Dr. Carlos Graef Fernandez, head of section.

Dr. Alberto Barajas, team member for water desalting.

Ing. Juan Eibenschutz, team member for electricity generation.

Ing. Jose Ramos Magaha, team member for water resources.

Dr. Arnulfo Morales Amado, alternate for nuclear power.

Ing. Pedro J. Caballero, alternate for water resources.

Ing. Isidro Becerril Salinas, alternate for electricity generation.

Other Participants and Observers

United States

Mr. James T. Ramey, Commissioner, U.S. Atomic Energy Commission.

Mr. Herman Pollack, Director, International Scientific and Technological
Affairs, U.S. Department of State.

Mr. Robert Nelson, Deputy Assistant Secretary for Water and Power
Development, U.S. Department of the Interior.

Mr. John H. Barber, Second Secretary, U.S. Embassy, Mexico City.

Mr. William C. Salmon, International Scientific and Technical Affairs,
U.S. Department of State.

Mr. William A. Williams, Division of Reactor Development and Technology,
U.S. Atomic Energy Commission.

Mexico

Dr. Nabor Carrillo, Commissioner, Mexico Nuclear Energy Commission.
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Ing. Luis Cabrera, Director General of International Boundaries and

Waters, Foreign Affairs Ministry.

Ing. Salvador Aguilar-Chavez, Undersecretary, Mexico Secretariat of
Hydraulic Resources.

Lic. Enrique Perez-Lopez, Director in Chief of International Economic
Relations, Secretariat of External Relations.

Ambassador Carlos Peon del Valle, Foregin Affairs Ministry administra-

tive secretary of the session.

Mr. Antonio Gonzilez de Leon, assistant administrative secretary for the
session.

Second Session, April 25 to 30, 1966
Yuma, Arizona, USA

Team Members and Alternates

IAEA

Dr. Pierre Balligand, chairman.

Ing. Jorge Spitalnik, scientific secretary.

U.S. Section

Dr. Jack A. Hunter, head of section.

Dr. David F. Cope, team member for nuclear power.

Mr. Milton Chase, team member for electricity generation.

Mr. Emil Lindseth, team member for water resources.

Dr. R. Phillip Hammond, alternate for nuclear power.

Mr. Jack Jorgensen, alternate for water resources.

Mr. Raymond W. Durante, Office of Saline Water, acting alternate for
water desalting.
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Mr. William C. Salmon, administrative secretary of the session.

Mexico Section

Dr. Carlos Graef Fernandez, head of section.

Dr. Alberto Barajas, team member for water desalting.

Ing. Juan Eibenschutz, team member for electricity generation.

Ing. Jose Ramos Magana, team member for water resources.

Dr. Arnulfo Morales Amado, alternate for nuclear power.

Other Participants and Observers

United States

Mr. Harold C. Arthur, Bureau of Reclamation, U. S. Department of the
Interior.

Mr. Ted Moser, Bureau of Reclamation, U.S. Department of the Interior.

Mr. William A. Williams, Division of Reactor Development and Technology,
U.S. Atomic Energy Commission.

Mexico

Dr. Nabor Carrillo, Commissioner, Mexico Nuclear Energy Commission.

Ing. Luis Cabrera, Director General of International Boundaries and Waters,

Foreign Affairs Ministry.

Third Session, April 3 to 7, 1967

Mexico City, Mexico

Team Members and Alternates

IAEA

Dr. Pierre Balligand, chairman.

Ing. Jorge Spitalnik, Scientific Secretary.
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U.S. Section
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terior; Alternate for Water Resources.
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Department of the Interior.

Mr. Peter Thatcher, Counselor for Disarmament and Outer Space, U. S.
Mission to the United Nations.

I-B-12



Mexico

Dr. Salvador Cardona, Secretary General, Mexican National Nuclear Energy
Commission.

Ing. Luis Cabrera, Director General of International Boundaries and Waters,
Foreign Affairs Ministry.

Dr. Rodolfo Moreno Dahme, National Institute of Agricultural Research.

I-B-13





Appendix 11-A

GENERAL DESCRIPTION OF THE NORTHERN REGION OF THE

GULF OF CALIFORNIA
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LOCATION

The region in question is bounded approximately between the parallels of
latitude of 280 30' and 32 40' north and the coastal plains in Sonora and Baja
California. Physically it is made up of three zones: the Sonoran, the Baja-
Californian, and the maritime. Figure II-A-1 shows the general area investi-
gated by the study group in Mexico. It includes sourthern areas where, because

of conveyance distances, it may not be possible to supply desalted water to the
user on an economic basis if plants are located at the northern end of the Gulf
of California.

COASTLINES

The Sonoran zone begins at the boundaries of the Colorado River basin and

ends at Kino Bay. The coast is generally sandy, low, or with low dunes (6 to
18 m). At several places spurs of the mountains extend to the sea, as at Puerto

Pefiasco, near Puerto del Lobos, and at Cabo Tepoca.

The coastline forms many bays like that of Adair, Puerto Penasco, Lopez

Collada (above San Jorge), Tepoca, Bahia de Agua Dulce, Estrecho del Infier-
nillo (by the island of Tiburon), and lastly Kino Bay. Emptying at this coast

are mainly the rivers Sonoita, Concepcion, San Ignacio Bacavachi, and Sonora.

From Bahia Lopez Collada to Cabo Tepoca, it is estimated that the conti-
nental plain extends to the Gulf of California, forming a sandy shoal with an

average width of 2 kilometers.

In the Baja Californian zone, close to the Colorado River shore, the land

is low, with banks of mud of 7-kilometers width and 2.5 kilometers in length
as a minimum.

The shore has many low sandy beaches from Bahia de San Felipe to Bahia

de San Luis Gonzaga; but at several places the sea extends to spurs of the

Sierra de Santa Isabel mountain range where cliffs of 15 to 45 meters in height

are found.

Between the coastal plain of the peninsula of Baja California and the island

of Angel de la Guarda, the channel Canal de Ballenas is formed, 80-kilometers
long and 20-kilometers wide and with a maximum depth of some 300 meters.

The shoreland at Bahias de los Remedios, Los Angeles, and Las Animas

has a broad sandy seashore some 10 kilometers in width.
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GEOMORPHOLOGY

The Sonoran zone is formed by a strip of land which extends from the
Sierra Madre Occidental to the coastal plane of the Gulf of California and con-
sists of two parts: one from sea level to an altitude of 50 meters with a grade
of 1. 5 meters per kilometer; the other between the altitudes of 50 and 500
meters. The physical characteristics of these parts vary. In the first are
desert areas with sand dunes of undulating surface (as in the Altar desert) and
bounded by permeable sands which make up desert plains which are areic and,
to a minimum extent, cryptoaeric. The second part is, in general, rolling
with scant vegetation and forms the transition between the plains described pre-
viously and the Sierra Madre Occidental.

The Valley of San Luis Rio Colorado is located in the delta region of the
Colorado River, which empties into the Gulf of California, and contains the
cities of Mexicali, B. C., and San Luis, Son.

The terrain of this valley exhibits a topography which is mainly flat, with

a general downward grade toward the south and with slight transversal slopes
caused mainly by the old courses of the Colorado River, owing to the tendency
of the current to form bars in its different basins.

In the Baja Californian zone, two parts may also be distinguished: the
first between the spurs of the mountainous region of San Pedro Martir, Santa

Isabel, and San Borja, and the coastal plain of the Gulf of California is a
coastal strip extending for 250 kilometers and with an average width of 7 kilo-
meters. At places along this strip the sea approaches the foothills of the
mountains, and at those places the beaches are narrow or nonexistent.

The other portion is the Mexicali Valley which actually is a political divi-

sion between the Yuma and Imperial Valleys, although, from the geohydrologi-

cal point of view it is in the delta of the Colorado and covers an area of approxi-
mately 850 km2 .

The Mexicali Valley is situated in the northeast part of Baja California,
having as its boundaries to the north, California; to the south, the Gulf of Cali-
fornia; to the east, Sonora and Arizona, and on the west, the mountain range
of Cucapas. The altitude of the terrain of the eastern valley, which can be

irrigated by gravity or by raising by means of a pump to a slight height, varies
between 6 and 33 meters over sea level; the land at higher elevation is, in gen-
eral, unsuited for agriculture since it is situated on the rocky slopes of the

Sierra de los Cucapas.
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CLIMATOLOGY

Some of the climatological data used were taken from the archives of the

National Meteorological Service and the balance from information obtained from

the Hydrographical Office of the United States and from the book "Extreme

Temperatures and Index of Arid Regions of the Mexican Republic" by Ernesto

Jauregui and Consuelo Soto.

Climate of the northeast:

According to the climatologist, W. Koppen, the climate that prevails in the

northeast is that of a desert that takes in almost all of the Baja California penin-

sula with the exception of the southern part and the extreme northwest which

have a semiarid climate (steppelike). The desert climate also extends into all
the coastal plain of Sonora and the northern part of Sinaloa, up to the heights
of Culiacan, Sin.

Precipitation

The desert areas of the Baja California peninsula and the coast of Sonora
receive less than 200 millimeters annually. On the coasts of the Gulf of Cali-

fornia north of the island of Tiburon and Angel de la Guarda, as well as in the
central part of the peninsula, annual precipitation is less than 100 millimeters.
Fluctuations in the annual rainfall in the northwest region of the country are
very marked, which is characteristic of arid zones in general.

It rains in this region generally between June and September with July and
August being the most rainy months. Only on the coasts of the extreme north-
west of Baja California do rains occur in the winter, the most rainy months
being December, January, and February.

Temperature

The observed temperatures for the regions from 1952 to 1962 were:

Annual average 220 C
Absolute minimum, -184 C
Absolute maximum, 550 C .
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Evaporation

The potential evaporation in the arid surroundings of the northwest exceeds
the precipitation and shows mean annual values of 2, 500 millimeters. Some
values for certain stations are: in San Luis Rio Colorado, 2,443 millimeters;
in San Felipe, 2,542 millimeters ; in Presa Altar, 2,831 millimeters; and in
Hermosillo, 2,613 millimeters.

SOILS

Agricultural investigations that were carried out in the country do not per-
mit the detailed classification of the soils of the northern region of the Gulf of
California, except in the Mexicali Valley where surveys of this type have been
made. However, the general soil maps of the Mexican Republic attribute to the
region indicated zonal soils on which the climate has had a preponderant effect
(Bedocal-Sierozen typical of arid and semiarid regions).

This type of soil has a greyish coffee color and generally is formed of
lightweight lime -sand particles, and by the scant vegetation that it sustains,
having very little organic material. With irrigation, this type of soil can be
adapted to agricultural cultivation, especially cotton, wheat, citrus, and fruits.

In general, the Sonoran and Baja Californian zones in the region north of
the Gulf of California have soils of an alluvial or aeolian nature ; with this
latter type being very noticeable in the Altar Desert.

HYDROGRAPHY

The region under study can be divided into two hydrological zones: the
Baja Californian and the Sonoran.

The Baja Californian zone is made up of the basin of the Laguna Salada and
by many short arroyos with very sparse streams which often disappear in the
sands of the beach and the lower basin of the Colorado River. Of the 2,730
kilometers of course of the main stream of the Colorado River, 2, 540 kilo-
meters are in U. S. territory; some 30 kilometers from the border between
Mexico and the United States (states of Arizona and Baja California), and the
remaining 160 kilometers are located entirely in Mexican territory. The cap-
ture basin covers an area of 630,000 km2 and is found mainly in the United
States with only about 5, 000 km2 being in Mexico.
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The zone in Sonora, except for the lower basin of the Colorado River, con-

sists of river basins without definite river beds and without permanent courses.
Drainage infiltrates into the sand and seldom does the water of the rivers flow
to the sea.

The zone in Sonora, from the boundary of the basin of the Colorado to the
Rio Sonora, can be considered as made up of two confluences of rivers. The
first confluence is formed by the basins of the Pincate, Sonoita, and Sierra
Prieta, with a surface of some 14,300 km2 of obvious dryness. The beds of
these streams are not permanent and their diverted drainage infiltrates into the
sand. The average annual drainage is some 111 million m3.

Inside this area is located also the Concepcion River, formerly call Rio
Asuncion. Its basin is some 25,895 km2 in Mexico, and its average annual
drainage approximately 255 million m 3 . It almost always disappears into the
sandy ground, flowing to the sea only under extreme flood conditions.

The second confluence is formed principally by the basins of the rivers
Tepoca, San Ignacio, and Seri. The area of the confluence is some 8, 942 km 2 ,
not counting the San Ignacio River, whose average drainage is 28 million m3.
The scant rainfall and the flat ground make its short course rambling. In addi-
tion, this area contains the Bacavachi River with a basin of approximately
9,049 km2 . The Bacavachi River is identified with its upper and middle course,
but not with the lower one because the water infiltrates into the sands, and its
annual average drainage is approximately 75 million m 3 . The Sonora River,
which has a basin of approximately 21,324 km 2 , has its source near Cananes.
Initially, its stream is visible up to the city of Hermosillo, then its water infil-
trates into the sand before reaching the sea. The average annual drainage of

this river is of the order of 212 million m3.

GEOHYDROLOGY

The geological formations of the lower basins of the rivers are of alluvial
origin, with deposits of lime, fine-grained dense sand, clays, and gravel. The
arroyos and rivers empty, to a very slight extent or not at all, into the sea, as

they infiltrate into these deposits.

In table II-A-1 are shown the volumes of surface and underground water for
the aforementioned regions. Underground water considers depths up to 200
meters. As shown in table II-A-1, water resources in these regions are very
limited.
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Table II-A-1. -Available Water Resources of the Northern
Region of the Gulf of California

IaSurface Underground
Bs r' water, water,

million m3 million m3

Baja Californian zone

Colorado River .................... .5,000 al,850 1,055

Laguna Salada basin............. 4,400 20 100

Sonoran zone

System 1
Pincate, Sonoita, and
Sierra Prieta Rivers ............ 14,300 116 120
Concepcion River ................ 25,895 255 150

System 2
Tepoca, San Ignacio
and Seri Rivers .................. 8,940 80 190

Bacavachi River .................. 9,090 75 150
Sonora River .................... 21,320 210 570

aThe indicated drainage corresponds to the annual volume that the
United States consigns to Mexico in conformity with treaty.

Present Use of the Soil and Water

Only in the Sonoran zone are there cultivated agricultural lands in the
parts bordering the principal rivers, such as the Sonoita, Altar, Magdalena,
and Sonora. The climatological and hydrological characteristics of the region
do not permit the use of all the potentially useful land for agricultural purposes,
owing to the lack of adequate and dependable irrigation.

In the Sonoran zone are two irrigation districts, called Rio Altar and
Costa de Hermosillo, in which approximately 3,000 and 126,000 hectares,
respectively, are cultivated with the use of surface and subterranean water.
Further, there is an irrigation zone in Caborca.

Available statistical data indicate that the demands for surface water for
agricultural use in the Sonoran zone rose during the agricultural cycle 1963 to

1964 to some 137 million m3. Of this volume, 117 million m3 were employed for

gravity irrigation of approximately 13,000 hectares in the Costa de Hermosillo,
and the rest of the volume indicated was used in the Caborca-Altar zone.
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The volume of subterranean water used agriculturally during the cycle

1963 to 1964 was 1, 728 million m 3 , of which 1, 137 million m3 correspond to irri-
gation of 126,650 hectares in the Costa de Hermosillo, and the rest was used in
the Caborca-Altar zone.

In the Costa de Hermosillo irrigation district, it has been necessary to
reduce the volumes of water removed from the water-bearing strata because of
the alarming drop in their water level, which is caused by overuse, with the con-

sequent danger of invasion by sea water. Owing to the progressive lowering that
the level of the ground water has undergone caused by overuse, the agricultural
use of ground water was regulated, with limitation of the annual withdrawal in the
future to a maximum of 570 million m3.

Through the scarcity of water in the region, increases in demand for water
for agricultural purposes could not be met, but, on the contrary, it was necessary
to reduce the present demands to avoid serious harm such as the overexploitation
of ground water in the absence of other sources.

In the great plain that forms the Mexicali and San Luis Rio Colorado, the

terrain is of alluvial origin, formed by the deposition of material transported by
the Colorado River, the frequent overflow of which, caused by floods, was an
important factor in the formation of this plain. The soils of this great plain are
very deep, having for the most part light textures which facilitate development of
agriculture.

The agricultural land of the valley covers an area of 345,000 hectares in the

Rio Colorado irrigation district. The northern boundary of this district is the
international line ; on the west, it is the Sierra de Cucapas ; at the south, there is
a line that runs from west to east approximately to the height of the confluence of
the Pescaderos River with the Colorado; and on the east, by the sandy mesa of

San Luis.

Irrigation of the farmlands of the valley is dependent on water from the
Colorado River which are consigned to Mexico according to the international
treaty between the United States and Mexico.

The volume of surface water used agriculturally in the Rio Colorado irri-

gation district in the 1964 to 1965 agricultural cycle was 1,834 million m 3 , and
the ground water 738 million m3.

As the supply of water received by Mexico had reached its maximum,
recourse had to be made to use of underground water on a large scale beginning
in 1957, for which there existed the danger of invasion by sea water unless the
withdrawal was restricted. During 1962 to 1964, the volume of subterranean
water used in agricultural irrigation in the Rio Colorado district was approximately
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1,055 million m3. Included in this volume of underground water is a very small
requirement for domestic purposes.

With the exception of the Mexicali Valley, there are no underground water-

bearing strata of any extent in the rest of the Baja Californian zone nor is there
land suitable for cultivation which can be taken into consideration economically

at present.

Apart from agricultural use of the soil which has been reviewed, the urban

use should also be considered:

Altar, Caborca, Pitoquito, Puerto Peinasco, and Sonoito, in the Sonoran
zone, occupy very limited areas; in the remainder of the same zone, with the

exception of Hermosillo, land is not used for urban purposes.

In the Baja Californian zone the most important population centers are

Mexicali, located at the extreme northwest of the valley of Mexicali, which had
175,000 inhabitants in the census of 1960, and San Luis, located at the extreme

northeast, which had about 29,000 inhabitants. Other centers of population sit-

uated within the zone of Baja California studied are of little importance by reason
of their small number of inhabitants.

Present Costs of Water for Municipal and Agricultural Use

Present average costs of potable water per m3 for municipal use are the

following:

Caborca 0.85 $Mex.

Hermosillo 0. 75 to 1.00 $ Mex.

Pitiquito 1.40 $Mex.

In Puerto Penasco, a system of supply recently has been placed in service

with an average price of 2. 00 $Mex. per m 3 . In San Luis Rio Colorado,
25.00 $Mex. per m3 is the fixed price; in Mexicali, 0.80 $Mex. per m3.

Present Cost of Agricultural Water

Consumers of the irrigation districts of Rio Altar and Costa de Hermosillo

pay an operating fee which does not cover all the necessary distribution costs.

Total costs are met by a subsidy received from the Federal Government.
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The fee paid by consumers per 1,000 m3 of water is the following:

Irrigation district of Rio Altar 18.00 $Mex.

Juarez Valley 51.95 $Mex.

Puebla 54.60 $Mex.

Agricultural Production

In table II-A-2 are shown the surface harvested and the value of the harvest

in the irrigation districts of Costa de Hermosillo, Rio Altar, and Rio Colorado.

The most important corps are cotton and wheat.

DEMOGRAPHY

According to the data of the census of 1940, 1950, and 1960, the number of

inhabitants of the region under study was as indicated in table II-A-3.

Population Density

Table II-A-4 shows the population density of the Republic of Mexico in

relation to that of the region studied.

Future Population Growth

In view of the fact that the study group fixed as a limit for estimating the

needs for water the year 1995, the population growth was calculated up to that

year in all the populations of the northern region of the Gulf of California. The

results that were obtained are shown later in the section that deals with the future
demand for municipal water.

FUTURE DEMANDS OF THE REGION

In the preceding section, an inventory was made of the water resources

available in the region under study, and the present use of the soil and water and
the economic and demographic aspects were analyzed.

In this section, which is based on the preceding one, considerations for

determining the possible future demands for water are made.
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Table II-A-2. -Agricultural Production in the Cycle 1963 to 1964

Irrigation District Surface Harvested, Value of the Crop,
hectares Mexican pesos

Rio Colorado ...................... 183,317 1,021,147,084

Costa de Hermosillo ......... 125,712 466,757,170

Rio Altar ................... ........ 942 2,721,478

Table Il-A-3. -Inhabitants of the Region Studied

Cities 1940 1950 1960

Sonora

San Luis Rio Colorado .......... 2,364 13,593 42,134
Puerto Penasco ..................-- -- 5,741
Caborea......................... 5,850 9,192 12,400
Pitiquito.......................3,040 3,203 4,047
Hermosillo...................... 30,065 54,503 118,051
Altar........................... 2,178 2,036 2,974
Other .......................... -- -- 30,000

Baja California

Mexicali ....................... 44,399 124,362 281,333

Table II-A -4. -Population Density

Number of 2 Population
Designation inhabitants, Area, kmn density,

1960 inhabitants/km2

Republic of Mexico ............ 34,923,129 1,969,269 17.73

Baja California ............... 520,165 71,627 7.10

Sonora ........................ 783,378 182,553 4.23

Region under study in Mexico.. 496,080 66,000 7.00
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If it is taken into account that the climate of the region, as well as that in the

greater part of the country, is unsuited for seasonal crops by reason of insuf-

ficient rainfall, it will be understood that this lack of water resources dictates
limited agricultural expansion.

The importance that an additional supply of water would have, can be seen in

that it would permit increasing the irrigated area and would allow increasing the
yield per hectare. The sole additional source of water which could be hoped for

is a desalinating plant. It is evident that using desalinated water should not be

considered for satisfying the needs of a region if it is still possible to do this with

available water, either surface or subterranean. But the water resources are

very scanty, and present supplies are now in jeopardy. Moreover, as has been

stated, the subterranean water resources in the Mexicali Valley, which in recent

years represent 40 percent of the available supply, are over exploited, and the

water level is continually falling at a rate of 2 to 3 meters annually.

It is believed that any additional source such as desalination could make

possible a reduction in this overexploitation.

It is not considered easy to recharge the present underground water sources,

because suitable conditions of the terrain would be necessary, as well as the

accomplishment of costly operations of infiltration. Even if this were done,

there would be no certainty of being able to use all the volume infiltrated.

On the other hand, it has been seen in the region under study, for example,

in San Luis Rio, Colorado, Caborca, Desemboque, and Hermosillo, that if
there is water there can be productive agriculture. If it is taken into account

that in such a region there are still large expanses of land (such as those of the

examples reviewed), it can be seen that even the total production of the plant

would not be sufficient to meet the total demand for water.

Naturally, for a given location of the plant, the limitation on use of the

desalted water would be the distance over which it can be economically conveyed.

The cost in pesos per m3 for conducting and pumping solely to overcome the

line losses has been determined for various distances. The following results

were obtained (it was considered that 20 m3 per second are transported per closed

channel and the price per kw-hr for pumping is 0.4 $Mex.:

Price per Resulting

M3 , $Mex. distance, km

0.05 167
0.10 334
0.15 501

0.20 668
0.25 833
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If it should be desired to analyze the future demands for water for agriculture
in the region, on the basis of plans for development, the following points should be
considered. The total surface of the Republic of Mexico is about 196 million
hectares, and of this surface the cultivable land is only approximately 15 percent,
or in round numbers 30 million hectares. Of this last figure, about 12 million
hectares are potentially capable of irrigation. In the last 40 years, there has
been placed under irrigation (including some small areas which were already
being irrigated) approximately 3 million hectares. The annual average is there-
fore about 75, 000 hectares. Desalting could aid in maintaining or increasing this
level.

In addition, the desalination plant could allow the start of new centers of
population in a zone which at present is sparsely inhabited.

In view of the foregoing data, it was considered that M&I water would only be

supplied to those cities at a distance from the plant where economical conveyance
was possible. Therefore, the central part of the Mexicali and San Luis Valleys
was selected. In that zone, the principal demand is for the cities of Mexicali
and San Luis Rio Colorado.

On the other hand, if it is taken into account that present sources could, in the
future, be of unsatisfactory quality, a total corresponding to the population in
1995 has been considered.

The location of the plant sites makes clear the necessity for construction of

regional aqueducts which will have to be located in what might be called the "center
of gravity" of the demand and which will serve the different centers of population.
The location of these aqueducts is described in chapter V.

The M&I water demand was based on population growth with an allotment per

inhabitant per day of 400 liters for the important localities and 250 for the smaller
ones. These data are shown in table II-A-5.

Based on these data, a figure of 4 m 3 /sec was accepted as the future demand

for water for municipal uses.

ECONOMIC ANALYSIS OF WATER USE IN MEXICO

A preliminary study of the economics of supplying water for agricultural use
was conducted. In this study a plant was considered located at the Gulf of Santa
Clara site. The water requirements in terms of irrigation layer depth was assumed.
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Table II-A-5. --Demand for Water for Municipal and Industrial Uses

Annual Q
Year City Inhabitants Volume' m/sec

million m3

1970 Mexicali 380, 000 60 1.9

1970 San Luis 40,000 6 0.2

1995 Mexicali 730,000 120 3.8

1995 San Luis 80,000 12 0.4

A price for desalted water delivered to the irrigation site was also assumed.
Based on statistical information, the income per hectare was determined so
that the direct benefit of supplying desalted water could be calculated. Since the
irrigation layer was very high, requiring a large volume of water, the analysis
gave very unfavorable results in that the maximum price that the farmer could
pay for the water turned out much lower than the total cost of desalting and
distribution. It was found in the study that the nonutilizable volume of water for
irrigation was of the order of 46 percent. This high level was one of the reasons
for the unfavorable results of the study.

To improve the competitiveness of desalted water with other supplies, the
analysis was redone considering both municipal and agricultural demands,
improved agricultural techniques, and increased agricultural yields due to high-
quality water. For the plant located at the Gulf of California and delivering
21.5 m3/sec to Mexico, 17.5 m3 were used for irrigation and the balance for
M&I use. It was considered that the cultivated zone would be in the Altar
Desert and that the irrigation would be carried out by sprinkling, with convey-
ance taking place in covered ducts. Crops considered were wheat, alfalfa,
grapes, citrus fruits, barley, and dates. With the Blaney-C riddle method, the
irrigation demand on a monthly basis was as follows:

Jan. 4.10 July 11.82
Feb. 5.68 Aug. 11.17
Mar. 9.84 Sept. 8.52
Apr. 13.02 Oct. 5.90
May 12.40 Nov. 4.39
June 10.36 Dec. 2.80

100.00%
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The annual net layer was calculated at .872 meters (2.86 feet). The gross layer
considered for sprinkling was calculated at 1.114 meters (3.68 feet). It was
determined that 31,300 hectares could be irrigated with a nonutilizable volume of
202.6 million m3 annually.

The following assumptions were used for the cost data generation:

1. Distilled water costs 33 to 50 cents per m 3.
2. Maintenance and operation cost $120 per hectare.
3. The agricultural work costs per hectare were $1,670.
4. Average income $6,000 per hectare.
5. To be acceptable the minimum ratio of income to expenditure must

be 1.5.

The unused water, which has been stated previously at 202 million m3

annually, was considered capable of being used for irrigation where underground
water is now being used. If this surplus is not used, the necessary gross layer
are shown in table II-A-1. It is apparent that if the water costs vary from 33 to
50 cents per m3, the income/investment ratio will be unfavorable at a ratio of
.66 to .88. The desalted water must cost .073 pesos per m3 (2.2 cents per
1,000 gallons U.S.) to get a ratio of 1.5.

For M&I purposes the following assumptions were made:

1. The cost of conveying the product water to users was estimated at 26.1
cents per m3.

2. To the cost given in 1, 12.54 cents per m3 was added for sea water

conveyance and other associated civil works.

3. The cost of desalted water from the plant was assumed as 40 cents per
m 3 and was added to the value shown in 1 and 2.

This resulted in a total price of 79 cents per m3 for M&I water. If charges
for distribution and losses are added to the aforementioned figure, the price for
water would be of the order of 1.2 $Mex. per m3. In comparison with M&I water

costs at present, this is not an excessive figure and would be considered accept-
able for the area.
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Appendix III-A

INVESTMENT REQUIRED FOR TRANSMITTING POWER FROM
THE DUAL-PURPOSE PLANT TO LOAD CENTERS IN THE

UNITED STATES
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Table III-A-1. -Investment Required for Transmitting Power from the
Dual-Purpose Plant ot Load Centers in the United States

($U.S.)

Electric power output, MW................

Estimated costs

Transmission lines.....................

Series compensation..................

Substations..........................

Communications and control...........

Subtotal...........................

Distribution lines within load areas...

Contingency............................

Subtotal...........................

Total investment cost ..................

2,000

$114,040,000

12,377,1400

1,200,000

$127, 617,14+00

$ 31,902,600

$159, 520,000

5,000

$186,110,700

14,6514,000

33,876,100

2,000,000

$236, 610,800

$ 1,735,000

59,536,450

$ 61,271,1450

$297, 682,250
__ __ __ _ __ __ _ __ __ __ _ __ __ _ __ __ _ __ __ __ _L __ __I__ _ __ __.- _ __ __ _ ___I_

The above estimates are based on the following transmission-line voltages,
distances, and costs:

Table III-A-2. -Transmission-Line Costs

Mileage
Size, kv Cost/mile, $ U.S.

2,000 MW 5,000 MW

500 540 1,555 116,000

345 445 65 88,000

230 255 130 48,000
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Appendix III-B

ESTIMATED COSTS FOR ALTERNATIVE METHODS OF
MEETING LOAD GROWTH
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Table III-B-1. -Estimated Costs for Alternative Methods of Meeting
Load Growth

Tijuana-Mexicali system

Alternative (a)

Construct eight 75-MW fossil fuel units at an equivalent annual cost of
$720,000 each.

Alternative (b)

Investment, Equivalent

Year Addition million annual cost,
Mex. $ million Mex. $

1980 Two transmission lines from Mexicali.. 68

8.7
Substations............................. . 30.6

1982 Substation................................ 10.2 1

1985 Substation ............................ 10.2 1

1988 Transmission line to Mexicali......... 34.0

3.9
Substation................................ .10.2

1990 Substation................................ 10.2 1

1993 Substation ............................ 10.2 1

1994 Transmission line to Mexicali......... 34.0

3.9
Substation ............................ 10.2
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Table III-B-1. -Continued. Estimated Costs for Alternative Methods of
Meeting Load Growth

Alternative (c)

Investment, Equivalent

Year Addition million annual cost,
Mex. $ million Mex. $

1985 Two transmission lines to Mexicali.... 68.0

9.7

Substations...........................40.8

1988 Transmission line to Mexicali......... 34.0

Substation............................11.0

1991 Substation............................... .10.2 1

1994 Transmission line to Mexicali............314.0

3.9
Substation............................10.2

Sonora-Sinaloa system

Alternative (a)

Construct 21 75-MW fossil fired units at an equivalent annual cost of
$720,000 each.

Alternative (b)

Investment, Equivalent
Year Addition million annual cost,

Mex. $ million Mex. $

1980 Two transmission lines to Hermosillo.. 397.4

Substations...........................76.2
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Table III-B-1. -Continued. Estimated Costs for Alternative Methods of
Meeting Load Growth

Alternative (b) Concluded

Investment, Equivalent
Year Addition million annual cost,

Mex. $ million Mex. $

1983 Substation............................ 25.4 2

1986 Substation............................ 25.4 2

1988 Substation............................ 25.4 2

1990 Substation............................ 25.4 2

1992 Transmission line to Hermosillo....... 198.7

Substation............................ 25.4 2

1993 Substation............................ 25.4 2

1995 Substation............................ 25.4 2

Alternative (c)

Investment, Equivalent

Year Addition million annual cost,
Mex. $ million Mex. $

1985 2 transmission lines to Hermosillo.... 397.4
}..42

Substations............................ .76.2

1988 Substation............................ 25.4 2

1989 Substation............................ 25.4 2

1991 Substation............................. 25.4 2

1993 Transmission line to Hermosillo....... 198.7
20

Substation............................. 25.4

1994 Substation............................ 25.4 2
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Table III-B-1. -Continued. Estimated Costs for Alternative Methods of
Meeting Load Growth

Monterrey-Chihuahua system

Alternative (a)

Construct transmission lines in 1975 with an equivalent annual cost of
$800,000.

Construct 14 150-MW fossil fired units with an equivalent annual cost
of $1,440,000 each.

Construct one 300-MW fossil fired unit with an equivalent annual cost
of $2,88o,ooo.

Alternative (b)

Investment, Equivalent

Year Addition million annual cost,
Mex. $ million Mex. $

1980 dc transmission line to Torreon....... 689.5

Dual-purpose plant substation
(sending)............................ 744.2

Torreon substation (receiving)........ 689.3

Torreon-Chihuahua transmission line... 96.6 232

Two transmission lines Torreon-
Monterrey........... .......... .... ....265.0

Chihuahua substation.....................20.4

Monterrey substation...................101.6

1981 Chihuahua substation.....................10.2

Monterrey substation................... 25.4
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Table III-B-1. -Continued. Estimated Costs for Alternative Methods of

Meeting Load Growth

Alternative (b) Concluded

Investment, Equivalent

Year Addition million annual cost,
Mex. $ million Mex. $

1984 Transmission line Torreon-Chihuahua... 96.6
11

Monterrey substation......................25.4

1986 Monterrey substation .................. 25.1 2

1987 Chihuahua substation......................10.2 1

1989 Monterrey substation......................25.4 2

1990 Transmission line Torreon-Monterrey... 132.5 12

1991 Chihuahua substation......................10.2

1:. .
Monterrey substation......................25.4

1992 Monterrey substation...................... 25.1+ 2

1995 Transmission line Torreon-Chihuahua... 96.6
10

Chihuahua substation......................10.2

Alternative (c)

Investment, Equivalent

Year Addition million annual cost,
Mex. $ million Mex. $

1985 dc transmission line to Torreon....... 689.5

Dual-purpose plant substation

(sending)............................ 730.5

Torreon substation (receiving)........ 677.5
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Table III-B-1. -Concluded. Estimated Costs for Alternative Methods of
Meeting Load Growth

Alternative (c) Concluded

Investment, Equivalent

Year Addition million annual cost,
Mex. $ million Mex. $

1985 Two transmission lines Torreon-
Chihuahua............................. 193.2 241

Two transmission lines Torreon-

Monterrey........................... 265.0

Chihuahua substations....................30.6

Monterrey substations....................127.4

1987 Monterrey substation.....................25.4 2

1990 Monterrey transmission line........... 132.5
14

Monterrey substation.....................25.4

1991 Chihuahua substation.....................10.2 1

1992 Monterrey substation .................. .. 25.4 2

1994 Monterrey substation.....................25.4 2
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Table III-B-2. -Tijuana-Mexicali System. -Comparison Between Alternatives. Power From Dual-Purpose Plant with 6-Percent Fixed Charges

1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 19

Alternative (a)

Conv. thermal energy required, Gwh 739 808 882 961 1045 1133 1225 1323 1429 1541 1657 1782 1914 2054 2202 2359 2526 2703 2890 2089 32
Cost of Conventional Energy,

millions of $ ..................... 29.6 32.3 35.2 38.5 41.8 45.4 49.0 53.0 57.1 61.6 66.2 71.4 76.5 82.1 88.1 94.3 101.9 107.2 115.7 123.8 1

Investments, eq. annual cost,
millions of $.................. 0 0 9 9 9 9 18 18 18 18 27 27 36 36 36 45 45 54 63 63

Total annual costs, millions of $ ... 29.6 32.3 44.2 47.5 50.8 54.4 67.0 71.0 75.1 79.6 93.2 98.4 112.5 118.1 124.1 139.3 146.9 161.2 178.7 186.8 2'

Expenditures, cum. present value 29.6 59.5 97.4 135.1 172.4 209.5 251.7 293.1 338.7 373.5 416.7 458.9 503.6 547.0 5822 6331 676.0 720.0 764.3 807.6 85

Alternative (b)

Conv. thermal energy required, Gwh 739 808 882 961 1045 490 490 490 490 490 490 490 490 490 490 490 490 490 490 490 4

Energy from dual-purpose plant, Gwh.. 0 0 0 0 0 643 735 833 939 1051 1167 1292 1424 1564 1712 1869 2036 2213 2400 2599 28

Investments, eq. annual cost,

millions of $ ........ 0 0 9 9 9 17.7 17.7 18.7 18.7 18.7 19.7 19.7 19.7 23.6 23.6 24.6 24.6 24.6 25.6 29.5 29
Demand charge from dual-purpose plant 0 0 0 0 0 26.6 29.0 31.4 34.4 37.3 40.3 44.6 47.0 50.6 54.5 58.7 63.0 67.9 72.7 78.0 83

Cost of conventional energy,

millions of $ ..................... 29.6 32.3 35.2 38.5 41.8 19.6 19.6 19.6 19.6 19.6 19.6 19.6 19.6 19.6 19.6 19.6 19.6 19.6 19.6 19.6 19

Energy Charge from dual-purpose plant 0 0 0 0 0 8.8 10.1 11.5 12.9 14.5 16.0 17.8 19.6 21.5 23.6 25.7 28.0 30.4 33.0 35.8 38

Total annual costs, millions of $ ... 29.6 32.3 44.2 47.5 50.8 72.7 76.4 81.2 85.6 90.1 95.6 101.7 105.9 115.3 121.3 128.6 135.2 142.5 150.9 162.9 171

Expenditures, cum. present value .... 29.6 59.5 97.4 135.1 172.4 222.0 270.0 217.4 363.6 408.7 453 496.6 538.7 581.0 622.4 663.0 702.4 740.9 778.6 816.4 853

Alternative (c)

Conv. thermal energy required, Gwh 739 808 882 961 1045 1133 1225 1323 1429 1541 587 587 587 587 587 587 587 587 587 587 5

Energy from dual-purpose plant, Gwh.. 0 0 0 0 0 0 0 0 0 0 1070 1195 1327 1467 1615 1772 1939 2116 2303 2502 27

Investments, eq. annual cost,
millions of $ ..................... 0 0 9 9 9 9 18 18 18 18 27.7 27.7 27.7 31.7 31.7 31.7 32.7 32.7 32.7 36.6 36

Demand charge from dual-purpose plant 0 0 0 0 0 0 0 0 0 0 39.0 42.3 45.6 49.5 53.2 57.5 61.6 66.5 71.3 76.5 85

Cost of conventional energy,

millions of $ ..................... 29.6 32.3 35.2 38.5 41.8 45.4 49.0 53.0 57.1 61.6 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23.5 23

Energy charge from dual-purpose plant 0 0 0 0 0 0 0 0 0 0 14.7 16.4 18.2 20.2 22.2 24.4 26.6 29.0 31.6 34.4 37

Total annual costs, millions of $ ... 29.6 32.3 44.2 47.5 50.8 54.4 67.0 71.0 75.1 79.6 104.9 109.9 115.0 124.9 130.5 137.1 144.4 151.7 152.1 171.0 132

Expenditures, cum. present value .... 29.6 59.5 97.4 135.1 172.4 209.5 251.7 293.1 5335.73 3.5 422.1 469.2 515.0 560.8 605.3 649.5 690.7 731.7 771.5 811.2 850
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Table III-B-3. -Sonora-Sinaloa System-Comparison Between Alternatives. Power From Dual-Purpose Plant with 6-Percent Fixed Charges

1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 19

Alternative (a)

Conv. thermal energy required, Ghw .. 1136 1289 1455 1633 1827 2035 2260 2503 2765 3049 3355 3686 4043 4429 4846 5296 5782 6307 6844 7486 81
Cost of conventional energy,
millions of $...................... 45.4 51.5 58.2 65.5 73.0 81.5 90.4 100.0 110.0 122.0 134 147.5 161.0 177.0 194 212 231 252 275 299 35

Investments, eq. annual cost,
millions of $ ........................ 0 0 9 9 18 27 27 36 45 54 63 72 81 90 99 117 126 144 153 171 1

Total annual costs, millions of $ ... 45.4 51.5 67.2 74.5 91.0 108.5 117.4 136.0 155.0 176 197 219.5 2420 267 293 329 357 396 428 470 5
Expenditures, cum. present value 45.4 93.1 150.7 209.8 276.7 350.6 424.5 503.9 587.6 675.7 766.9 861.1 957.2 1055.3 1155.1 1258.3 1363.0 1470.0 1577 1686 1796

Alternative (b)

Conv. thermal energy required, Gwh .. 1136 1289 1455 1633 1827 648 648 648 648 648 648 648 648 648 648 648 648 648 648 648 6
Energy from dual-purpose plant, Gwh.. 0 0 0 0 0 1387 1612 1855 2117 2401 2707 3038 3395 3781 4198 4648 5134 5659 6226 6838 74
Investments, eq. annual cost,

millions of $ ........................ 0 0 9 9 18 60 60 60 62 62 62 64 64 66 66 68 68 88 90 90
Demand charge from dual-purpose plant 0 0 0 0 0 12.6 48.1 54.0 60.5 67.0 74.5 82.6 91.3 100.0 111.0 121.5 133 146 160 174 1
Cost of conventional energy,
millions of $...................... 45.4 51.5 58.2 65.5 73.0 25.9 25.9 25.9 25.9 25.9 25.9 25.9 25.9 25.9 25.9 25.9 25.9 25.9 25.9 25.9 25

Energy charge from dual-purpose plant 0 0 0 0 0 19.0 22.2 25.7 29.0 33.0 32.0 41.0 47.0 52.0 57.0 64.0 70.0 78.0 86.0 94 1
Total annual costs, millions of $ ... 45.4 51.5 67.2 74.5 91.0 147.5 156.2 165.6 177.4 187.9 199.4 213.5 228.2 243.9 259.9 279.4 296.9 337.9 361.9 383.9 411
Expenditures, cum. present value .... 45.4 93.1 150.7 209.8 276.7 377.1 475.5 572.1 668 762 854 946 1037 1126 1215 1303 1389 1481 1571 1660 17

Alternative (c)

Conv. thermal energy required, Gwh 1135 1289 1455 1633 1827 2035 2260 2503 2765 3049 946 946 946 946 946 946 946 946 946 946 9
Energy from dual-purpose plant, Gwh 0 0 0 0 0 0 0 0 0 0 2409 2740 3097 3423 3900 4350 4836 5361 5928 6540 72
Investments, eq. annual cost,

millions of $ ........................ 0 0 9 9 18 27 27 36 45 54 96 98 98 98 100 100 102 102 122 124 ]2
Demand charge from dual-purpose plant 0 0 0 0 0 0 0 0 0 0 70.5 79.5 87.0 96.5 106 117 129 142 155 170 ]i
Cost of conventional energy,

millions of $ 45.4 51.5 58.2 65.5 78.0 81.5 90.4 100.0 110 122 37.8 37.8 37.8 37.8 37.8 37.8 37.8 37.8 37.8 37.8 37
Energy charge from dual-purpose plant 0 0 0 0 0 0 0 0 0 0 33.2 37.7 42.5 47.8 53.6 59.8 66.5 73.8 81.5 90.0 99
Total annual costs, millions of $.... 45.4 51.5 67.2 74.5 91.0 108.5 117.4 105 155 176 237.5 253 265.3 280.1 297.4 314.6 335.3 355.6 396.3 421.8 446
Expenditures, cum. present value..... 45.4 93.1 150.7 209.8 276.7 350.6 424.5 503.9 587.6 675.7 785.6 694 999 1182 1204 1303 1401 1497 1596 1694 17
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Table III-B-4. -Monterrey-Chihuahua System- Comparison Between Alternatives.

1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 19

Alternative ( a)

Conv. thermal energy required, Ghw .. 4676 1269 5289 5626 5979 5355 6763 7188 7640 8120 8628 9127 9738 10343 10985 11666 12380 13152 13963 14823 157

Cost of conventional energy,
millions of $ ..................... 187 199 211 235 238 255 271 287 305 325 345 365 389 414 439 466 495 525 558 594 6

Investments, eq. annual cost,
millions of $ .................. 10 10 28 28 46 46 64 82 82 100 118 118 136 157 172 172 203 226 244 262 2

Total annual costs, millions of $ ... 197 209 239 253 285 301 335 369 387 425 463 483 525 563 671 638 703 751 802 856 9

Expenditures, cum. present value .... 197 391 595 796 1006 1211 1422 1637 1046 2059 2273 2480 2683 2093 3106 3307 3512 3715 3916 4114 43

Alternative (b)

Conv. thermal energy required, Gwh .. 4676 4969 5289 5626 5973 1743 1743 173 1743 1743 1743 1743 1743 1743 1743 1743 1743 1743 T743 1743 17

Energy from dual-purpose plant, Gwh.. 0 0 0 0 0 4622 5020 5445 5897 6377 6885 7384 7995 8600 9242 9923 10644 11400 12220 13080 139

Investments, Eq. annual cost,

millions of $ ..................... 10 10 28 28 46 278 281 281 281 292 292 294 295 295 297 309 312 314 314 314 3

Demand charge from dual-purpose plant 0 0 0 0 0 113 1214 141 141 151 162 174 185 200 214 230 245 262 230 299 3

Cost of conventional energy,

millions of $ ..................... 187 199 211 225 239 70 70 70 70 70 70 70 70 70 70 70 70 70 70 70

Energy charge from dual-purpose plant 0 0 0 0 0 63 69 75 81 88 95 101 110 118 127 136 141 157 168 180 1

Total annual costs, millions of $ ... 197 209 239 253 285 524 541 557 601 619 639 639 661 683 708 745 768 803 832 863 9

Expenditures, cum. present value .... 197 391 595 796 1006 1362 1703 2028 2338 2638 2925 3199 3462 3713 3954 4189 4413 4630 4838 5038 5

Alternative (c)

Conv. thermal energy required, Gwh... 4676 4969 5289 5626 5979 6365 6763 7188 7640 8120 2137 2137 2137 2137 2137 2137 2137 2137 2137 2137 21

Energy from dual-purpose plant, Gwh.. 0 0 0 0 0 0 0 0 0 0 6491 6990 7601 8206 8898 9529 10250 11015 11826 12686 135

Investments, eqr annual cost,
millions of$ . .. ....... 10 10 28 28 46 46 64 82 82 100 341 341 343 343 343 357 358 360 360 362 3

Demand charge from dual-purpose plant 0 0 0 0 0 0 0 0 0 0 157 169 182 195 200 221 240 256 274 293 3

Cost of conventional energy,
millions of $ ..................... 187 199 211 225 239 255 271 287 305 325 85 85 85 85 85 85 85 85 85 85

Energy charge from dual-purpose plant 0 0 0 0 0 0 0 0 0 0 89 96 105 113 122 131 141 153 163 174 1

Total annual costs, millions of $ ... 197 209 239 253 285 301 335 359 387 425 672 691 715 736 759 794 824 851 882 914 9

Expenditures, cum. present value .... 197 391 595 796 1005 1211 1422 1637 1846 2059 2370 2666 2950 3221 3479 3729 3970 4201 4422 4633 4
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Appendix IV-A

NUCLEAR DUAL-PURPOSE ELECTRIC POWER AND WATER

DESALTING PLANTS TECHNOLOGY
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INTRODUCTION

The appendices to chapter IV discuss in detail reactor technology, evaporator
technology, and coupling factors. The discussions are generally divided into
phase 1, the first plant to be built in the 1980 time period, and phase 2, the second
plant to be built in the 1990 time period. Phase 2 also covers subsequent plants
incorporating improvements beyond 1990 to 1995.

NUCLEAR REACTORS CONSIDERED FOR 1980 PERIOD (PHASE 1)

The first phase of the U. S. /Mexico/IAEA desalination project as presently
conceived has as its goal a nuclear, dual-purpose, electric power-water pro-
duction plant with a capacity of 109 gallons per day (1 bgd) that will begin
operation in the 1980 period. Since Mexico's power requirements for the
initial phase of this study will be relatively small compared to those of the
United States, the power production will be minimized to the extent possible
consistent with providing low-cost process heat for the water evaporator. The

assumption of a 1975 to 1980 start-up date for the first phase effectively
eliminates consideration of reactor concepts requiring further major develop-
ment.

Reactor concepts considered suitable for the first phase of the project
include the light-water-cooled and moderated boiling-water reactor (BWR), the
pressurized-water reactor (PWR), and possibly the light-water-cooled, graphite-

moderated, pressure-tube reactor (GPTR). Representative design data of these
types of reactors are shown in table IV-A-1.

The light-water-cooled and moderated reactors are currently offered com-
mercially by firms such as Westinghouse Corporation, Babcock and Wilcox,
Combustion Engineering, and the General Electric Company in single units of
3, 330 thermal megawatts (tmw) maximum size. Also, there have been indications
that a maximum, single-unit size BWR of 5, 000 tmw should be available by
1975.

There is far less operating experience with the GPTR than with the BWR's

and PWR's, although a single-unit reactor with a capacity in excess of 4, 000 tmw
is currently in operation in the United States. This type reactor is not offered
commercially, and additional fuel performance and reactor design and construction
experience would be required to compare it on a similar basis with light-water
concepts. The pressure-tube design of this concept should permit reasonable
single-unit size extrapolation.
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Table IV-A-1. -Representative Design Data of Various Light-Water Reactors

Graphite-moderated pressure-

Pressurized- Boiling-water tube reactor (GPTR)

reactor (R)a reactor (B) Oxide Fuel Metal Fuel

Thermal power, tmw..................
Coolant...............................
Fuel..................................
Clad..................................
Moderator.............................
Active core height, ft...............

Equivalent core diameter. ft.........
Average core power density, kw.......
Average specific power, kw/kgU.......
Total uranium loading, MT............
Equilibrium fissile loading, MT......
Equilibrium fertile loading, MT......
Core burnup (average) MWD/MTU........
Life of fuel in core, full power yr...
Reloading interval, full power yr.....
Fraction of core reloaded............
Core outlet pressure, psia...........
Core outlet temperature,0F...........
Steam pressure, psia................
Steam temperature, 0F................
Net thermal efficiency, MWE/tmw

Condensing power plant
Dual-purpose power and water plant..

3,250
Press. H2 0

U02
Zr alloy
H2 0
12

11.15
98.1
36.7
88.6
2.1
86.5
30,000
2.24
0.75
1.8
2,250

605
700
50)4

32.5
21

3,293
Boil. H20
U02
Zr alloy
H20
12

15.59
50.8
22.0
149.8
3.3
146.5
27,500
3.43
0.86
1/4
1,015

546
965
540

32.8
21

5,000
Press. H20
U02
Zr alloy
Graphite
25.1 H
25.0 W
26.7 L
10.5
27.1
184.2
3.0
181.2
25,000
2.52
0.25
1/10
1,800

600
860
527

32.5
21

5,000
Press. H20
U metal
Zr alloy
Graphite
27.1 H
26.7 W
27.2 L
9.0
13.7
36)4.0
3.8
360.2
7,700
1.62
0.16
1/10
1,800

600
860
527

32.5
21

aPWR is Diablo Canyon (Pacific Gas & Electric Co.).

bBWR is Brown's Ferry (Tennessee Valley Authority).
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Brief descriptions of each of these concepts follow:

The Boiling-Water Reactor (BWR)b2

The largest BWR single units contracted for, by December 1967, were
1,065 MWE representative of which are the Brown's Ferry reactors purchased
by Tennessee Valley Authority (TVA) which are rated at 3, 300 tmw each.3 The
pressure vessel, shown in figure IV-A-1 contains the fuel assemblies, control
rods, flux monitors, flow orifices, and support structure, as well as steam
separators, steam dryers, and jet recirculation pumps.

The cost reductions anticipated for these reactors are based, in part, on

economics inherent in size and, in part, on what appear to be straightforward
technological improvements. For example, a 5, 000-tmw boiling-water reactor
of the same height as present 3, 400 -tmw reactors now under construction
requires a 24-foot-inside-diameter (ID) steel vessel designed for an internal
pressure of about 1, 000 psi. No vessel of this size has been fabricated to date
(present sizes are about 22-feet ID), but manufacturers believe such a vessel
can be fabricated in the field or in existing shops with only minor modifications.
Prestressed concrete reactor vessels are under development but are unlikely to
be available as a tested concept in time to meet the schedule.

The Pressurized-Water Reactor (PWR)5

The PWR is generally similar to the BWR in that it is a water-only

moderated reactor using zirconium-clad, slightly enriched uranium dioxide
fuel. The chief differences are that the PWR operates at pressures above
2,000 psia, as compared to less than 1,000 psia for the BWR, and is an in-

direct-cycle system whereas the BWR is a direct-cycle system. Today pres-
surized-water reactor vessels of 14-1/2-feet ID with a design pressure of as
high as 2, 500 psi are being fabricated. A 5, 000-tmw reactor vessel would be
approximately 18 feet in diameter if the power density were held the same, or
about 17 feet if power density can be increased about 20 percent.

The heat rating of the representative large pressurized-water reactor is
nominally 3,250 tmw, but it can be easily raised to 3,333 tmw by dropping the
reactor cooling water temperature 20 or 3 0 F.

A capital cost reduction proposed recently uses stored ice as a heat sink
for reduction of containment requirements. Because containment represents
$8 to $12 per kwe investment, "ice containment" would save about $2 per kwe

and could reduce the containment volume and design pressure by a factor of

four.4
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Fuel Power Densities and Burnup in Light-Water Reactors

Power densities of 50 kw/1 are standard design today for boiling water
reactors with values as high as 60 kw/1 being demonstrated in the Big Rock
nuclear power station. It is believed that values as high as 70 kw/1 will be
achieved as a matter of course and burnout data at 80 kw/1 appears achievable.
PWR power densities currently are 98 kw/1 and should increase in a comparable
manner.

All of the extant contracts for construction of large reactors specify average
fuel burnups of 30, 000 to 33, 000 MWD/T but operating reactors currently are
not exceeding approximately 25, 000 MWD/T. Although burnups in excess of
40, 000 MWD/T have been demonstrated for mixed-oxide fuels, it appears that
fuel-cycle costs are minimized at burnups of about 30, 000 MWD/T. Thus, this
was the burnup assumed for the present study.

The Graphite -Moderated Pressure-Tube Reactor (GPTR)6

The evaluation of the GPTR stems from a feasibility study of a 10,000 tmw
reactor complex based on the "N-Reactor Plant" in operation at the USAEC's
Hanford Atomic Products Operations. The N-Reactor is a closed-cycle, graphite-
moderated, light-water-cooled reactor of over 4,000 tmw capacity. The reactor
can be fueled with either UO2 or U-metal elements. However, the greatest
potential advantage of the GPTR over the BWR or PWR lies in the use of U-metal
elements on account of the cheaper reprocessing provided that sufficiently high
burnups (7, 700 MWD/T or higher) can be achieved. Irradiation testing programs
now underway should provide information which should assist in making a later
determination on whether this reactor with metal fuel should be considered for
the first-phase program.

Whereas the fuel costs of oxide fuel elements are based on commercial re-
processing plants, the GPTR metal fuel cycle is most economically performed in
an onsite facility. This is because of the fact that the burnup is substantially less
than that for oxide fuels and therefore requires more reprocessing for the same
output of energy. Also, fuel shipping costs for an off site facility would be high.

The GPTR with metal fuel also has an advantage over the light-water
reactors in its potentially better fuel utilization (a conversion of U-238 to Pu of
about 0.8 compared to 0.60 to 0.65 for BWR and PWR reactors).

The technology on which the GPTR evaluation is based is a projection of the
N-Reactor technology in several important respects, such as higher metallic fuel

IV-A-7



exposures, higher power densities, higher temperatures for the fuel and

graphite, better fuel fabrication techniques, improved reactor controls, and
generally improved reactor design features. Successful achievement of many
of these improvements in technology is necessary to attain the estimated costs.
Since the GPTR is not commercially available and is not generally well known,

more detailed studies are needed to better identify the problems and the potential
associated with this concept.

NUCLEAR REACTORS CONSIDERED FOR 1990 (PHASE 2)

The second phase of the U.S./Mexico/IAEA desalination project as presently

conceived has as its goal additional dual-purpose, electric, power-water pro-
duction plants with nominal capacities of 109 gallons per day (1-bgd) that could
begin operation in the 1990 period. As in the first-phase study, power pro-
duction is minimized to the extent possible consistent with providing low-cost
heat to the water evaporator. With the exception of the light-water reactors,
the reactor concepts considered are all of advanced type and therefore require
further development and proof testing.

The reactor concepts considered include the light-water reactors, two types

of high-ratio converters (heavy-water and high-temperature gas-cooled), three
designs of fast breeders and, for the very long range, a low-temperature
process heat-type breeder. The three fast breeder reactors are the very large,
fast breeder reactor designed by the Argonne National Laboratory (VLFBR), 7
one by the General Electric Company,8 and one by Combustion Engineering,
Inc.9 The designs are typical of sodium-cooled, fast-breeder, power-reactor

concepts and are representative of a range of design philosophies. The chief
cost differences are the result of the range of fuel cycle performances anti-
cipated for the different designs. The low-temperature process heat-type
breeder is in the study stage and is representative of a concept which appears
favorable for high-ratio, water-to-electricity plants. Conceptual design data
representative of the above reactors are given in table IV-A-2.

Improved Light-Water Reactors

The only technological advances considered within the scope of the present

study were an extrapolation in unit size and a reduction in unit cost. Other
improvements, such as higher core power densities, higher fuel burnups,
improved heat transfer, and similar advancements in the technology will un-
doubtedly be made but for this study were not assumed as taking place.
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Table IV-A-2. -Representative Design Data on

Thermal power, tmw ..................
Coolant................ .............
Fuel............................. ...
Clad...............................
Moderator........................
Active core height, ft............
Core diameter, ft...................
Core power density kw.............
Core inlet pressure, psia
Core inlet temperature, F..........
Core outlet temperature, F........
Fissile loading, MT.................
Fertile loading, MT.................
Core burnup (average), MWD/MT.......
Life of fuel in core, yr...........
Number of refuelings per year........
Reactor vessel
Material.........................
ID or length, ft................
OD, ft...........................,.
Inside height, ft...............
Outside height, ft................

Steam pressure, psig..............
Steam temperature, OF..............
Net thermal efficiency

Condensing power plant............
Dual-purpose power and

water plant...................

Combustion General ORNLa
BWR HWOCR HTGR VLFBR Engineering Electric Process

FBR FBR Heat FBR

10,000
Boiling H20
U02
Zr
H20
12
23
70
1,065
525
545
6.0
310
30,000
2.8
1.14

Steel
32.8

85.6

965
540

32

21

10,000
Organic
UC
Al cermet
D20
17.3
24 x 66
15.2
284
574
750
5.0
420
18, 000
2
Onstream

Inconel
26 x 68

20

900
725

36

19

10,000
He
(U+m)C2
Carbon
Graphite
15.5
65
7.
450
720
1,470
14.0
179
69,200

1

Concrete
81
113
60
116
3,500
1,050

47

35

10,000
Na
(U+Pu)C

304 SS
none
3.6
20 ID, 25 OD
490.
120
720
1,050
10.0
246
110, 000
2
2

304 ss
40

64

2,400
900

37

22

2,500
Na
(U+Pu)C
19-9 DL SS
none
2.5
7.5
695
40
850
1,100
1.8
12
100,000
2
4

316 SS
16.5

40.7
75
2,465
1,008

38

23

2,500
Na

(U+Pu)02
316 SS
none
2.0
11.6
365
60
800
1,100
2.8
40
100,000
2.2
2

304 SS
18

33
3,500
1,000

38

23

3,500
Na
Th-U-Pu metal
none
none
1.5

1,700
60
340
660
2.3
85
b33,000
0.33
33

304 SS
25

50

173 and 34.5
470 and 260

7.4

aBased on preliminary studies.

bFuel burnup and core lifetime are based on the interval between element refabr cation.

Vari us Reactors-1985 Time Period



Heavy-Water Reactor Concepts

The heavy-water type of reactor offers potential for providing lower cost

power, and for making better utilization of fuel resources than the current
light-water reactors. Reactors of this type embodying different coolant concepts,
namely organic (HWOCR),1 pressurized heavy water (HWPHW) 1 1 , and boiling
light water HWBLW) 12 are being pursued by the United States, Canada, Italy,
Euratom, Norway, Sweden, and Great Britain. Each of these concepts has
certain advantages, and the technical and economic characteristics of heavy-

water reactors as a class have been reviewed to determine the relative merits
of the various concepts. Based on full-scale commercial application, both the
HWBLW and the HWOCR appear to have a potential cost advantage over current
light-water reactors. Also, the HWBLW system uses more effectively the
light-water reactor technology which has been developed to a high degree within
the United States. Based on these factors and pending clarification of the role of
advanced converters, the USAEC has decided not to proceed with its HWOCR
demonstration plant, but to base the heavy-water reactor program on the light-
water reactor plant technology and the design and engineering work underway in
the United States and foreign countries. However, because the HWOCR is
representative of heavy-water reactor concepts as a class and because more
data is available to the team on this concept, it has been used as the reference
design in deriving the cost estimates used in this report.

The information is based on a pressure-tube-type reactor concept proposed

by Atomics International and Combustion Engineering. 1 0 (See fig. IV-A-2.)
The pressure tubes, which contain the fuel assemblies and organic coolant, are

mounted within a low-pressure calandria tank containing heavy-water moderator.
A cut-away view of such a reactor is shown in figure IV-A-2. A basic 13-tube
"module" assembly is repeated many times to yield any desired power level,
the reactor vessel in each case being a rectangle with semicircular ends. This
basic module can be used for the design of plants up to any size desired, includ-
ing the 10,000-tmw plant used for this study.

The major area in which there is an extrapolation from prototype equipment
is in the heat-transfer system. The use of larger pumps and steam generators
to reduce the number of heat-transfer loops to four is an economic choice.
However, with eight loops the equipment sizes could be similar to those of a
demonstration plant design. Refueling is performed while at power, the refuel-
ing machines being the same as those required by a prototype of approximately
300 to 500 MWE.

High-Temperature Gas-Cooled Reactor (HTGR)

Gas-cooled reactors meet the criterion of being a developed concept, and
there are operating power reactors of this type in the United Kingdom, France,
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Italy, and other parts of the world. However, as far as the U. S. /Mexican
reactor technology is concerned, they come under the category of advanced con-

cepts.

The high-temperature, gas-cooled reactor (HTGR) is helium cooled,

graphite moderated, and has a good potential for achieving lower power costs
and higher conversion ratio than the light-water reactors. Large HTGR plant
designs use the thorium fuel cycle. The initial fuel loading will use U23 5, but
after about 7 years, the core loadings will be primarily recycled U233 with only
small additions of U2 3 5.

The evaluation in this study is based on the General Atomic 10, 000-tmw

design13 in which the primary system is placed within a prestressed concrete
pressure vessel that also serves as the primary containment (fig. IV-A-3).
The helium circulator and steam generator are mounted below the core giving a

compact system which would fit into a vessel smaller than that for the approxi-
mately 2, 000-tmw Wylfa gas-cooled reactor presently under construction in
Great Britain.

Operation of the 40-MWE Peach Bottom reactor and the 20-tmw Dragon
reactor in Great Britain will provide developmental and operating information
to members of the study groups interested in the HGTR concept. In addition,

Great Britain, France, Italy, and others are accumulating operating experience
with gas-cooled reactors of different designs. Demonstration of large HTGR
power plant systems will be provided by the Public Service of Colorado (PSC)
Cooperative Demonstration Project, a 330-MWE HTGR to be built near Denver,
Colorado. Commercial operation of the plant is scheduled to be attained by

approximately 1972.

A major economic problem in scaling up from the present designs to the
10,000 -tmw plant considered in this study involves the critical dimensions of
the core. Since it was desired to avoid axial xenon oscillations to permit the
use of the same control system developed for small reactors, the core height
was held to the value selected for the prototype plant (15.5 feet). To produce
the desired amount of power the core diameter was increased to 65 feet. A
more economical, large, HTGR core design probably could be developed if
improved control systems are developed.

Fast Breeder Power Reactor

The development of high-gain breeders will increase fuel utilization from

the few percent potentially useful in present day reactors to upward to 50 percent
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or more; thus the extraction of energy from a given core will be extended by an
order of magnitude or more. At the same time, the large amounts of uranium
available from high-cost ores will become useful because of the low sensitivity
of breeders to ore costs. The breeding feature results in very low fuel cycle
costs and, hence, these reactors have a high potential for producing low-cost
heat and electricity.

The fast breeders of major interest are divided into three categories-
sodium cooled, gas cooled, and steam cooled. The sodium-cooled fast breeder
has been established as a high-priority program on the basis of economic potential,
reactor manufacture interest, and technological experience in the United States
and abroad. Also, worldwide interest is concentrated on the sodium-cooled
breeder concept. The gas-cooled and steam-cooled fast breeders are being
evaluated as alternate concepts.

The evaluations used in this study were based on an Argonne National
Laboratory 1966 design of a 10, 000-tmw sodium-cooled fast breeder which

could be used in a dual-purpose, electric-power, and water-desalting plant
(VLFBR), and a very conservative design by the General Electric Company for
a 1,000-MWE power reactor. These two designs cover the spectrum of costs
likely to be characteristic of commercial plants available during 1985 to 1995.
The General Electric design has been used as the basis for the second phase
plant to be built in 1985 to 1990 while the ANL VLFBR design is representative
of the potential which might be obtainable by 1995. A Combustion Engineering
design also has been included for comparison.

Because these designs are several years old, and because the fast breeder
technology is constantly changing, it means that the information on which the
designs were based is no longer current. The AEC is conducting follow-on
studies on a 1, 000 -MWE LMFBR from which conceptual designs and related
cost information should be forthcoming sometime in 1968. This updated and
expanded information will provide a useful reference against which the estimates
used in this report may be checked later.

The ANL-VLFBR design has an annular core contained within a stainless

steel reactor vessel designed for 120 psi (fig. IV-A-4). The core is surrounded
by both axial and internal and external radial blankets, and the space at the
center of the reactor is used for storage and handling of spent fuel.

The annular core design alleviates the control reactivity problem by allowing

surplus neutrons to leak into the depleted uranium blanket generating additional
plutonium fuel. The overall breeding ratio of this system is 1.4 with a fissile
material doubling time of 7 years.
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The unit capital costs developed for the reactor island and for the power plant
for the ANL design are assumed to apply also to the Combustion Engineering and
General Electric designs within the rather broad limits of such estimates at this
time. The essential economic differences then would be in the fuel cycle costs
inasmuch as the breeding ratios and inventory doubling times are not the same
for these different designs.

A comparison of the fuel cycles of the three fast breeder reactor systems
is shown in table IV-A-3.

In summation, the Argonne and Combustion Engineering fuel cycle concepts
are believed to be typical of advanced breeder systems while the General
Electric concept is perhaps more typical of early developments in fast breeder

power reactors.

Unclad Metal Breeder Reactor (UMBR) for Process Heat Production

A breeder concept with potential for producing low-cost heat is under pre-
liminary study (fig. IV-A-5). It differs from the preceding designs in the
utilization of an unclad metal fuel of thorium-uranium-plutonium alloy and
uranium metal blankets. The absence of cladding reduces the core lifetime but
improves the breeding gain. This concept is mentioned here to cover the
possibility that the disposal of power from a large dual-purpose desalting pro-

ject might pose difficulties that can be avoided with high-ratio water to power
plants. Some power generation, however, is included because it is expected to

be economical to do so and because electrical power is needed for the water

plant, other "in-house" requirements, and for product water pumping. It is

Table IV-A-3. -Comparison of Fuel Cycle Performance for Different
Fast Breeder Reactor Designs

Argonne Combustion General
Engineering Electric

Breeding ratio..................1.40 1.37 1.25
Inventory doubling time, yr... 7 6.2 15.8
Core material................. .. UC+PuC UC+PuC U0 2 + Pu02
Blanket material.............. .. (U+Pu+Zr) metal UC (depleted) U0 2

Cladding........................304 SS 19-9 DLSS 316 SS
Fuel cycle cost at 6.5

percent
Interest, /million Btu......1.7 4.2 7.4
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representative of new reactor concepts which potentially could offer low cost

heat for desalting, and possibly could be developed within 1990 to 1995.

THE WATER PLANT FOR 1980 PERIOD (PHASE 1)

The basic plant model which is used for this study is depicted in the Con-

ceptual Design Study of a 1-bgd multistage flash distillation plant. 1 4

Each of the four 250-mgd trains is housed in a single building constructed

of steel for that portion of the plant operating above 2000F and of reinforced

concrete and steel for the low-temperature end. Exterior concrete walls, roof,

and floor are lined on the inside with steel plate, which forms a part of the rein-

forcement and also seals the building to ensure vacuum and pressure integrity.

The building houses the heat recovery and heat reject sections and the deaeration

equipment. Sea-water intakes, evaporator pumps, brine heaters, and a sulphuric

acid plant, and storage tank constitute the principal auxiliary structures, apart

from the power station.

The plant flows are divided into four trains. Each train is 567-feet long,

360-feet wide on the high-temperature end, and 420-feet wide at the low-

temperature end of the plant.

The flash chamber design incorporates two flashing brine levels and a

product water tray. The condenser tubing is a 0.35-inch wall, 90:10, copper-

nickel alloy. Sufficient condenser tubing is installed in the plant to allow for

tube plugging caused by failures. Tubes of up to 250 feet in length are installed

into the plant. A tube life of 30 years is anticipated.

The control of scaling in the condenser tubing is based on the use of the

sulfuric acid treatment successfully demonstrated in OSW Point Loma demon-

stration plant. Since the maintenance of 120 ppm of sulfuric acid in the makeup

stream requires the use of about 1,000 tons of acid per day, a 1,000-ton-per-day,
onsite sulfuric acid plant is provided in the design. With this type of feed treat-

ment, a brine concentration ratio of 2:1 can be tolerated without undue risk of
condenser fouling.

Included in table IV-A-4 is a summary of the principal parameters of the

plant. Figure IV-A-6 is a typical view of the plant structure. Table IV-A-5 gives

a cost breakdown for this facility.

One key item of cost is the tubing, representing over half the direct cost of

the evaporator as installed. Bases for this estimate include market prices of
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Table IV-A-4. -Summary of MSF Plant Parameters

Plant dimensions
Evaporator, 250 mgd train, ft..........
Water plant site dimensions, 1-bgd, ft..

Performance ratio, lb product/l,000 Btu.....
Brine temperature range, F................
Concentration ratio.......................
Shell construction..........................
Number of trains and product of each........
Module streams/train........................
Number of flashing brine levels .............
Power requirements, MW . . . . . . . . . . . . . . . . . . . . . .

Number of stages of heat recovery..........
Number of stages of heat reject............
Steam requirements, Btu/hr.................
Deaerator design

Number of spray stages.................
Water flow, lb/hr/ft2 .. . .. . . . . . . . . . . . . .

Steam required, lb/100 lb feed.........
Makeup water flow per train, lb/hr ..... .

Brine tray design
Maximum flow lb/hr ft of width.........
Number per train......................
Width, top tray, ft.....................

Width, bottom tray, ft ....... ... ....0.0 ..0 .

Stage design
Stage length, recovery................
Stage length, reject....................
Submergence loss, OF..................

Pumps and drives (all pumps are vertical
dry-pit-type centrifugal pumps)

Brine recycle
Number of pumps.........................
Flow per pump, gpm....................
Pump head, ft.........................
Type of drive...........................
Brake hp..............................

567L X 420W X 24H
920L x 1920W
12.8
250 to 102
2.0
Concrete and steel

4,- 250 mgd
10
2

303
48
2
26.8 x 109

2
20,000
0.0033

172.25 x 106

1,000,000
2
27.33 (high temperature)
31.33 (low temperature)
36 (high temperature)

42 (low temperature)

8 to 13 ft
42, 28 ft
0.8 to 2.4

16
330,000
160
Synchronous motor

17,000
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Table IV-A-4. -Concluded. Summary of MSF Plant Parameters

Pumps and drives (continued)

Deaerator feed
Number of pumps....
Flow per pump, gpm.
Pump head, ft......
Type of drive......
Brake hp...........

Product water

Number of pumps....
Flow per pump, gpm.
Pump head, ft......
Pump speed, rpm....

Type of drive......
Brake hp...........

Blowdown
Number of pumps....
Flow per pump, gpm.
Pump head, ft......
Type of drive......
Brake hp...........

8
167,000
25
Synchronous motor

1,500

8
86,ooo
120
450
Synchronous motor

3,500

8
86,ooo
42
Synchronous motor

1,250

Evaporator Evaporator Brine
recovery reject heater

Tube material................90:10 CuNi 90:10 CuNi 90:10 CuNi

Velocity, ft/sec............14.5 5 4.5

OD and wall, in..............0.75 X 0.035 0.75 X 0.049 0.75 X 0.035

Tube life, yr........ ... ...... 30 30 30

Overall U, Btu/hr-ft2 . . . . . ... . 591 461 660

Fouling factor...............0.0005 0.0007 0.0005

Surface area, ft 2 X 106..... 98.3 6.1 4.2

Tube length, ft..............250, 225 70 21

No. of tubes.................1,055,000 446,000 1,060,000

No. of tube bundles/stream.. 4 2 4

Brine temp., in-out, F ..... 239.9-250

Steam temp. leaving turbine,
OF ........................ 260

Steam flow, Btu/hr .......... 26.8 X 109
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Table IV-A-5. -Capital Cost Breakdown for 1-bgd
(1967 $U.S.)

MSF Plant

Capital cost items
Site work, buildings, cranes....................
Chemical treatment systems-........................
Pumps and drives (excludes sea water pump).......
Piping and valves .................................
Deaerator system................................
Evaporator shell and demisters ....................
Tubes, installed................................
Brine heater....................................
Electrical and instrument.......................
Product cooler. . . . . . ... . .. .. .. . . .... .. .. . . . . . . .. ..

Subtotal, direct costs ........................

Engineering, 4 percent of above..................
Owner's general and administrative cost, 1 percent
Contingency, 8 percent..........................
Interest during construction, 5.7 percent........

Grand total (excludes land, sea water intake)...

$ 2,928,000
5,862,000

28,304,000
25, 100,000
1,910,000

66,200,000
208,750,000
10,810,000
14,670,000
1,900,000

$366, 424,000

14,657,000
3,811,000

30,791,000
23,694,000

$439,377,000

$0.385 per lb for copper and $0.8525 per lb for nickel, with tubing fabri-
cation by current commercial methods. Two alternative methods of fabri-
cating the tubes, currently under development, might lead to reductions in
condenser bundle cost of up to 25 percent. These are:

1. The process of continuous casting, followed by block reduction into
coils. This process is similar to that for producing copper water tubing. Long
coils of seamless tubing would be delivered to the site, straightened, sized,
inspected, and installed.

2. Seam welding. Coiled strip would be delivered to the site, formed,
seam welded, inspected, and installed.

Many of the plant features will be developed as part of the OSW West
Coast Module program or in the Metropolitan Water District evaporator. These
include the large flash chambers and consenser bundles, and plant operating
procedures. Some additional developments would be required to achieve the
cost levels estimated here. These include the following:

1.
2.
3.

Development of large concrete-and-steel structures.
Development of the long-tube technology.
Development of the multilevel structure.
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EVAPORATORS CONSIDERED FOR PHASE 2

An evaluation was made of evaporator technology which might be available
by 1985 to 1995 for large, low-cost plants. Investigations were made in the
areas of process, feed treatment, heat transfer, materials, and high-temper-
ature structures. On the basis of these investigations a reference "1985" plant
was selected for the purpose of estimating water costs. The plant process is
of the combined multieffect vertical-tube and multistage-flash type. The fol-
lowing sections summarize the reference plant design and the supporting
investigations.

Reference Plant Description

The plant is divided into four reinforced concrete-and-steel structures
with steel roofs; each structure representing a 250 -mgd train which may be
operated independently of the remaining trains. The portions of the structures
operating at above 2500F are entirely of steel. Each train is associated with
two sea-water intake pumps, two blowdown pumps, two product pumps, four
makeup pumps, and four booster pumps. Two sets (15 per set) of effect brine
recycle pumps are provided for each train. Each 250-mgd train is further
divided into four 62-1/2-mgd modules, each having its own preheater bundles,
product water stream, brine stream, final condenser, deaerator, booster
pump, and makeup pump.

Each module is divided vertically into the multistage flash feed heater on the
lower floor and the vertical-tube effects on the upper floor. Lengthwise, the
plant is divided into 45 flash evaporator stages and 16 vertical-tube effects.
To accommodate the increasing vapor flow area required with decreasing
pressure, each module is trapezoidal in plan view with a length of 283 feet and
width of 40 feet on the high-pressure end, increasing to 100 feet on the low-
pressure end.

The layout of the four trains with the trapezoidal-shaped modules results in
a semicircular- (half-doughnut) shaped plant with an inside diameter which
logically could be occupied by the reactor and power plant.

The plant is illustrated in figure IV-A -7. A summary of the plant para-
meters is given in table IV-A-6 and a cost breakdown is given in table IV-A-7.

Process and Materials Investigations

It is not possible to predict with certainty what processes will be most
economical for large desalting plants in 1985. Rather, one can survey the
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possibilities now known and estimate how many will be fruitful. The closer
the technology postulated to what is now known, the more certain it is that the
cost of water will be equal or less than what is predicted.

Investigations were limited to the distillation systems, although memran&-

or crystallization systems also have some potential for the application within
the time framework.

Table IV-A-6. -Summary of Advanced Evaporator Parameters
(Combined VTE -MS F)

Evaporator dimensions, ft...........
Water plant plan, ft................

Performance ratio, lb/l,000 Btu .....
Steam temperature, OF...............
Brine temperature range, F.........

Concentration ratio.................
Shell construction..................

No. of trains.......................
Streams per train...................

Upper level.........................
Lower level.........................

Power requirements, MW..............

Number of effects, VTE..............
Number of stages, preheater.........

Steam requirements..................

283L x 1,580W x 26H
600L X 2,000W

13.6
310
300 to 112

2.5
Concrete and steel

4
4
VTE
MSF preheater

179
16

45

25.3 x 109 Btu/hr

Evaporator tubes VTE MSF Condenser

Material.................90:10 CuNi 90:10 CuNi 90:10 CuNi

Velocity, ft/sec......... 4.5 5

Type tube.................Double-fluted Spiral-groove Spiral-groove

OD, in....................1 to 3 0.875 0.75

Wall, in..................0.035 0.035 0.049

Tube life, yr............ 30 30 30

Overall U, Btu/hr-ft 2 -F. 805 to 1,485 807 to 1,160 684

Surface area, ft2 . . . . . . . . 23,000,000 8,900,000 1,770,000

Max. submergence loss at
1000F. . .. 0 ........ 1.5
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Table IV-A-7. -Capital Cost Breakdown for 1-bgd Advanced Plant
(1967 $U.S.)

Capital cost items
Site work, buildings, cranes....................
Chemical treatment systems......................
Pumps and drives (excludes sea water pump)........
Piping and valves...............................
Deaerator system................................
Evaporator shell and demisters...................
Effect tube bundles, installed..................
Preheater tubes, installed......................

Condenser.........................................
Electrical and instruments......................
Product cooler..................................

Subtotal, direct costs........................

Engineering, 6 percent of above..................

Owners' general and administrative cost, 1 percent
Contingency, 8 percent..........................
Interest during construction, 5.7 percent........

Grand total (excludes land, sea water intake)...

$ 2,314,000
4,910,000

21,146,000
19,890,000
1,542,000

40,015,000
62,105,000
20,030,000

5,500,000
14,911,000
3,000,000

195,363,000

11,722,000
2,070,000
16,567,000
12,748,000

$236,400,000

Of the distillation processes, the combined multieffect vertical tube and
multistage flash process appeared to offer the highest probability of low cost
and feasibility. It is entirely possible that variations of the multistage flash
process or the vapor-compression process would yield equally low water costs
in two decades.

Maximum Brine Temperature and Feed Treatment

A major limitation on the performance of sea-water distillation plants is
imposed by the deposition of scale on heat-transfer surfaces of the plant. The
method used for scale prevention has important bearing on the selection of process
flowsheet and, consequently, on the overall economics of sea-water distillation.

Initially, when sea-water distillation was carried out without any form of
feed treatment, the maximum operating temperature was limited to 170 0 F to
prevent scaling. With the advent of polyphosphate treatment the maximum
temperature was extended to approximately 1900 F. A major advance in scale
control occurred when OSW-sponsored investigations demonstrated that addition
of sulfuric acid to sea water would prevent formation of alkaline scales, that
is, calcium carbonate and magnesium hydroxide in distillation plants at tem-
peratures up to 2650F.
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Above this temperature, various forms of calcium sulfate form scales
because they become less soluble with increasing temperatures. Methods for
the prevention of these scales have not as yet been perfected. However,
OSW has an intensive research program underway to develop dependable and
economic methods to control scale deposition. Thus suitable scale-prevention
methods will undoubtedly be available for application in large distillation
plants in the 1980 to 1995 time period.

The treatments fall into two groups. The first group offers the possibility
of significant cost reduction over sulfuric acid treatment but without an increase
in temperature, and includes the following:

1. Caustic-Hydrochloric Acid Treatment. -With very low-cost electric
power typical of large breeder reactors, electrolytic caustic-chlorine may
be more economical reagents than sulfuric acid for neutralizing alkalinity.

2. Lime Treatment. -Lime produced onsite by calcining calcium car-
bonate precipitated from sea water may also offer a more economical reagent
than sulfuric acid.

3. CO2 -Suppression of Alkaline Scale. -Uses only the carbon dioxide which
occurs naturally in sea water. Twenty-five ppm of carbon dioxide injected into
sea water will prevent scale in the brine heaters of a distillation plant. The
carbon dioxide which is evolved when the water is flashed is recycled to provide
a self-sustaining cycle which eliminates the need for acid or other chemical
additives.

The second group of feed treatments has potential for operating in the
3000 to 3250 F range, and include the following:

1. Lime-Magnesium Carbonate Process. -OSW has developed a process
for removing calcium from sea water with reagents produced from sea water.
The method will soon be tested at the OSW Clair Engle plant in San Diego,
California.

2. Ion Exchange. -Recent work using continuous ion exchanger equipment
which is available commercially demonstrated that 65 percent of the calcium and
30 percent of the magnesium in sea water can be removed and that the resin can
be regenerated using only waste brine from a distillation plant.

3. CO2 Suppression-Thermal Shock. -This process has been used to descale
sea water used in the Frasch sulfur-mining process. It combines the suppression
of alkaline scales by carbon dioxide and removal of calcium sulfate along with
alkaline scale by thermal shock nucleation of the scaling constituents on a bed
of seed particles.
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It appears that at least one of the three descaling processes is going to be

economically feasible and, therefore, by 1980 to 1985 evaporator temperatures
of 3000 to 325 0 F will be feasible.

Investigations were made of the effect of temperature on process costs in
the temperature range 2500 to 3250 F. The effects of temperature on the process

are very complex but may be summarized as follows:

1. Energy Cost. -Higher temperature steam is more costly than low-
temperature steam, but a higher plant efficiency is possible.

2. Shell Cost. -The choice of materials is limited as temperature increases,
and heavier sections are required to contain the pressure. These disadvantages
are balanced by the more compact heat exchangers and ducts which are

feasible with denser high-temperature steam.

3. Heat Transfer. -Heat-transfer coefficients are higher as temperature
is increased, assuming no scale.

On balance, water costs were estimated to be lower at 3000 to 3250 F than

at 250 0 F maximum brine temperature provided that the feed treatment costs
were still in the same range. Higher temperature plants enable higher water-
to-power ratios in dual-purpose plants of the back-pressure type.

For these reasons, a reference of 300 0 F maximum brine temperature

appeared to be appropriate for a 1985 plant.

Heat Transfer

OSW contractors have developed a number of methods of intensifying heat
transfer, and thereby reducing the cost of heat exchangers. Although these
developments are still in the pilot plant stage, they offer significant potential
for cost reduction relative to conventional systems. The high-flux heat-
transfer systems are made practical by improved methods of controlling foul-
ing such as acid feed treatment.

The enhanced heat-transfer systems include:

1. Film-Thinning Vertical Tubes. -Flutes, corrugations, or ribs tend
to use surface tension forces to provide thin condensing or evaporating films
over part of a tube. These thin films have been observed to give very high
heat-transfer rates. Double-fluted tubes have been given two to three times
the heat transfer of smooth tubes in pilot plant tests.
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2. Vapor Shear Processes. -High vapor velocities promote high con-
densing or evaporating rates.

3. Turbulence Promoters.-Spiral-grooved or corrugated condenser
tubes increase the turbulence and heat transfer to liquid flowing inside the tubes.

4. Dropwise Condensation.

5. Nucleate Boiling Promotion.

The vertical double-fluted tubes assumed for the advanced plant have
about twice the heat-transfer rates of smooth tubes at Freeport, while the
spiral-groove, horizontal condenser tubes have about 1.7 times the heat fluxes
expected for smooth flash-evaporator tubes.

Materials

Improved materials offer outstanding potential for reduced cost of distilled

water. The advanced plant is relatively conservative in this regard.

A reinforced concrete structure has been assumed for that portion of the
plant which operates at 250 0 F and below, while steel has been retained for higher
temperature structure. All external concrete walls are lined with steel to
minimize air inleakage. The cost of a concrete-and-steel structure is about half
that of an all-steel structure.

A number of possibilities exist for reducing heat exchange tubing cost
below what has been assumed here:

1. Use of thinner wall tubes.

2. Substitution of higher conductivity alloys for fluted tubes. Copper-
iron or aluminum tubes would increase heat-transfer rates by approximately
20 percent above the rates predicted for 90:10 cupronickel tubes.

3. Aluminum tubes would reduce heat exchanger costs to about 40 percent

of those predicted for 90:10 cupronickel. Aluminum is very promising as a
material if techniques can be perfected for eliminating electrolytic and heavy
ion corrosion.

4. Titanium could become a competitive material in thin-wall sections.

5. Iron alloys may ultimately be developed.
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Design of Very Large Water-Power Complexes

Possible expansion of the U.S. /Mexican/IAEA project beyond the first two
1-bgd plants is envisioned. An additional capacity of perhaps 5 bgd may be
added after 1990.

While each of the first two installations produce close to 2,000 MW net of
electric power, power from additional installations may have to be limited
to what can be marketed. A survey was made of evaporator designs for
achieving high water-to-power ratios. Two general approaches were investi-
gated: high-temperature evaporators and vapor-compression evaporators.

As temperature is increased above the 300 0 F maximum temperature of
the phase 2 plant, evaporator efficiency improves while the water cost remains
fairly constant. A 325 0 F plant would have a performance ratio of about 15.5 lb
per 1,000 Btu compared to the reference 300 0 F plant value of 13.6. If the
evaporator used only back-pressure steam from a fast reactor, the net salable
electric power would be about 1.5 MWE per mgd water. Additional water
would be produced by increasing the evaporator temperature further if that
were feasible, or by bypassing prime steam from the nuclear island to the
evaporator. The anticipated relative cost of water plotted against ratio of
MWE/mgd is shown in figure IV-A-8.

If vapor-compression evaporators were used, it would not be necessary
to increase brine temperatures above 3000F, and possibly an even lower
maximum temperature would be desired. Prime steam from the reactor
would be expanded through turbines coupled to large vapor compressors. The
compressed steam would heat several vertical effects, while the feed heating
would be done in a multistage flash evaporator. The water costs are expected
to be comparable to those with high temperature evaporation. Advanced
vapor-compression water-only plants are discussed in greater detail; Appendix
IV-B.

Scope and Timing of Development Program

It is assumed that development of sea-water distillation will be continued
by the scientific community and by industry. While the construction of advanced
1-bgd plants is many years off, it will take many years to provide technology
for truly low-cost water. Some of the key development steps required for the
plants discussed in this report are indicated below:

1968 to 1970

Multistage Flash Module. -To develop the technology of large evaporators.
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1971 to 1975

LAWE Evaporator. -Prototype of large multistage flash plants.

Development of Concrete Structures. -To develop the technology of concrete

shells for large evaporators. This could be combined with an advanced MSF
process of VTE process module.

1976 to 1980

Combined VTE-MSF Prototype Plant. -Prototype (50- to 100-mgd capacity)
of a large advanced plant, 250 0 F maximum temperature.

Advanced Water-Only Module. -To develop the process and structural

technology of large high-temperature plants.

Large Water-Only Vapor-Compression Plant. -Prototype of a large water-

only plant of the vapor-compression type. The need for this prototype is related
to the comparative promise of vapor-compression and high-temperature plants

for water-only applications.

1981 to 1985

High-Temperature Combined VTE-MSF Prototype. -Prototype plant of a

3000 to 3250 F advanced process.

THE 1980 PERIOD DUAL-PURPOSE PLANT

Coupling

The nuclear island is sized to provide a gross thermal output of 10, 000 tmw

by using a cluster of two or three light-water reactors. This output is sufficient
to drive a 1-bgd multistage flash evaporator plant using 260 0 F saturated exhaust
steam from the turbine generators where the evaporator plant has a performance
ratio of approximately 13. (That is, 13 pounds of fresh water are produced per
1, 000 Btu of heat supplied.) As a rough rule of thumb, the performance ratio R,

is also given by the formula

R = 100 mgd
tmw

where tmw refers to the heat supplied the evaporator. Because the thermal

efficiency of a power plant in which 500 0 F prime steam is expanded down to
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2600 F is approximately 22 percent, 7,800 tmw is available for the evaporator
from a 10, 000-tmw reactor complex. Therefore, R must equal approximately 13
to produce 1 bgd of water. Within limits the water cost from a dual-purpose plant
is not very sensitive to choice of performance ratio. If a lower performance
ratio is preferred, the thermal rating of the reactor would increase as would the
amount of power produced. For example, for a performance ratio of 10, the
reactor thermal rating and gross power production would be about 13, 000 tmw
and 2,850 MWE, respectively. This high-energy requirement could be met
through the use of three 4,300 tmw reactors.

Ground Rules for Cost Calculations

Investment Costs

Annual capital costs for reactor, power plant, and water plant were cal-
culated for four fixed charge rates of 4, 6, 8, and 10 percent broken down as

shown in table IV-A-8. (Inventory charges on fissile and fertile material are at
the indicated interest rates.) Two types of assumptions are made on interest
rates:

1. That the fixed charges are composed of a variable interest rate, sinking
fund amortization, and interim replacements.

2. That the fixed charges are composed of interest fixed at 3.85 percent,
sinking fund amortization, replacements, and variable taxes, and insurance.

The effect of fixed charge rate on power cost is shown in figure IV-A-9.
There is a corresponding effect on water costs. It should be noted that there are
two fixed charge rates at each 8 and 10 percent, one using zero percent for taxes,
insurance, etc. , and the other using an assumed amount different from zero per-
cent for these charges.

Table IV-A-8. -Assumed Distribution of Fixed Charge Rates

Interest on borrowed money,
percent........................... 0.60 3.85 3.85 6.50 3.85 8.92

Sinking fund factor (30 yr),
percent........................... 3.05 1.80 1.80 1.15 1.80 0.73

Interim replacement, percent.......0.35 0.35 0.35 0.35 0.35 0.35

Other fixed charges (taxes and in-
surance), percent...............0 0 2.00 0 4.00 0

Total fixed charge rate, percent.. 4.00 6.00 8.00 8.00 10.00 10.00
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Fuel Cycle Costs

The reactors evaluated begin operating using unirradiated fuel. The plant
lifetime is 30 years, while fuel costs are based on the integral number of fueling
cycles that comes closest to 30 years. All costs are computed as if the conditions
at the time of initial operation prevailed throughout the plant lifetime. It is con-
sidered that the uranium and thorium from thorium systems would be recycled
throughout the reactor lifetime, but the sale of plutonium without recycle is
assumed in the uranium systems studied. The fuel cycle cost is composed of the
following components: (1) burnup cost, (2) fabrication cost, (3) processing cost,
(4) shipping cost, (5) interest charges on fissile and fertile inventories, and
(6) interest charges on operating capital invested in fabrication, processing,
inventories of special nuclear materials, and shipping. Basic assumptions used
in determining fuel cycle costs are as given in table IV-A-9 for 1975 to 1985 and
for beyond 1985.

Estimated Costs

Tables IV-A-10a, 10b, and 10c summarize light-water reactor dual-purpose
plant station performance, capital costs, and annual and unit costs, respectively.
The costs shown have been estimated for a set of ideal site conditions and an iso-
lated nuclear power-water plant island. Therefore, they are not necessarily
identical with the systems costs developed in chapter VI though the two are
consistent. The purpose of the cost estimates in this appendix is to provide
comparative evaluations and a perspective view of the nuclear island part of the
system. The site is characterized by fairly level ground at essentially sea-level
elevation, easily excavated or otherwise prepared, and relatively uninhabited.
No allowance has been made for costs associated with particular locations or site
conditions such as nuclear safety requirements or unusual construction that might
be required for remote sites or ones in seismically active regions, cost estimates
are based on 1966 to 1967 price indices and no escalation is included. Also, the
ground rules do not take into account the most recently announced costs of
separative work or revised costs of uranium ore. These two factors tend to cancel
one another.

The cost of turbine exhaust steam (charged to the evaporator) is calculated as
that fraction of the prime steam cost which represents the additional work that
could have been extracted by the turbine if the expansion had been carried all the
way to the usual condensing temperature (e.g. , 900 F) as is done in power-only
plants. This cost is reduced by a small amount to take into account the fact that
the water plant also serves as the power plant condenser, thus saving some of the
capital investment required in a power-only plant. The contribution to water cost,

in cents per 1, 000 gallons, of the price of exhaust steam from the first phase
reactors is obtained by multiplying the exhaust steam cost in cents per thousand
Btu by 0. 64 (which corresponds to a performance ratio of 13).
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Table IV-A-9. -Fuel Cycle Cost Economic Factorsa

1975 to 1985 Period beyond
Description period 1985

Materials values

Natural uranium as U308, $/lb U308. . . . . . . .  6. 8.

Unirradiated thorium As Th02, $/lb Th02 . 5.  5.

Separative work cost, $/kg..................30. 30.

Tails enrichment, percent U235 . . . . . . . . . . .. . . 0.28 0.26

U235, $/g................................... .10.84 11.71

u233, $/g................................... .16.26 17.57

Fissile Pu, $/g..............................9.04 9.76

D20, $/lb................................... .20. 20.

Conversion U308 to UF, $/kgU............ 2.70 1.35

Fabrication plant

Charge rate on depreciating capital,
percent/yr................................ .22 22

Reactor capacity served, tmw.............. 25,000 75,000

Losses, percent/pass........................ 0.2 0.2

Processing plant

Charge rate on depreciating capital,
percent/yr............................... . 22 22

Plant capacity, MT/day...................... 2 10

Losses, percent/pass........................ 1. .25

Shipping

Distance to processing and fabrication
plant, miles...............................1,000 1,000

Cask cost, $/lb............................ . 1 1

Cask handling cost, $/round trip......... 500 500

Cask freight rates, $/lb

Loaded.................................... .0.019 0.019

Empty..................................... .0.018 0.018

aNote that conditions existing as of 12/31/66 were used. This fails
to reflect changes in separate work charges, tail enrichments, Pu credit,
and changes in market costs that have occurred since.
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Table IV-A-10a. -Summary of Light-Water Reactor Station Performance
Dual-Purpose Power and Water Plants

Boiling-water Graphite-moderated
Station performance reactor (BwR) pressure-tube

reactor (GPTR)

Station thermal power, tmw............. .. 10,000 10,000
Gross thermal efficiency, percent...... 21.6 21.3
Gross electrical generation, MWE........ 2,160 2,130
Reactor auxiliary power, MWE........... 41 37
Turbine plant auxiliary power, MWE..... 51 54
Net saleable electric power, MWE........ 1,765 1,741
Prime steam temperature, F............... 540 527
Prime steam pressure, psia................ 965 860
Prime steam production, 106 million
Btu/yr.............................. 269 269

Exhaust steam production, 106 million
Btu/yr................................... 210 211

Exhaust steam pressure and temperature,
psia and F.............................35, 260 35, 260

Evaporator performance ratio,
lb H20/103 Btu....................... 13 13

Water plant power, MWE.................... 303 303
Water production, mgd.....................1,000 1,000

Table IV-A-10b. -Summary of Light-Water Reactor Station Capital Costs
Dual-Purpose Power and Water Plants

(Generalized backup data-specific analysis in chapter VI)

Cost (106 $)

Capital cost item Nuclear Power Water Total First
Island plant plant plant core

Boiling-water reactor (BWR)

Three-reactor station, 3,333 tmw
each ........................... 14.9
Direct cost....................117.5 79.9 384.4
Indirect cost................. 29.3 17. 51.6
Total........................146.8 97.2 436.0 680.0

Two-reactor station, 5,000 tmw
each ........................... 14.9

Direct cost....................105.6 76.8 384.4
Indirect cost...................26.5 16.6 51.6

Total...................... 132.1 93T 436.5 661.5

Graphite-moderated pressure-tube
reactor (GPTR)

Two-reactor station, 5,000 tmw
each

Direct cost....................153.4 73.0 384.4
Indirect cost...................37.4 16.0 51.6
Total........................190.8 89.0 715.8



Table IV-A-lOc. -Summary of Annual and Unit Costs of Light Water Reactor Dual-Purpose Power and Water
Plants at Fixed-Charge Rates and Costs of Money

(Generalized backup data-specific analysis in chapter VI)

Boiling-water reactor (BWR) Graphite-moderated pressure-tube reactor
Cost items (GPTR), two-reactor station, 5,000 tmw

Three-reactor station, 3,333 tmw each Two-reactor station, 5,000 tmw each each

Fixed charge rate (depreciation capi-

tal), percent/yr.................

Cost of money, percent/year........

Interest during construction, 106 $..

Total amortized capital, 106 $.......

Annual charges, 10
6 

$/yr

Total fixed charges............

Fuel cycle charges.............

Nuclear island O&M + nuclear in-
surance (0.6)................

Power plant OM.................
Water plant O&M................
Water plant chemicals..........

Total........................

Unit operating cost only

Electric power,a mills/kw-hr.....

Prime steam, e/millions Btu......

Exhaust steam, t/million Btu.....

Total unit costs

Fuel cycle, million Btu........

Prime steam, million Btu.......

Exhaust steam, million Btu.....

Electric power,a mills/kw-hr.....

C

1

r

1

W

00

4.00 6.00 8.oo 8.oo 10.oo 10.00 4.00 6.00 8.00 8.00 10.00 10.00 1 4.oo 6.00 8.00 8.00 10.00 10.00

0.60 3.85 3.85 6.50 3.85 8.921 0.60 3.85 3.85 6.50 3.85 8.92

8.4 53.4 53.4 90.0 53.4 123.6

688.4 733.4 733.4 770.0 733.4 803.6

27.5 44.0 58.7 61.6 73.3 80.4

29.2 32.6 32.6 35.4 32.6 37.9

3.0 3.0 3.0 3.0 3.0 3.0

1.0 1.0 1.0 1.0 1.0 1.0

3.6 3.6 3.6 3.6 3.6 3.6

6.3 6.3 6.3 6.3 6.3 6.3

70.6 90.5 105.2 110.9 119.8 132.2

1.34 1.47 1.47 1.58 1.47 1.68

11.97 13.23 13.23 14.27 13.23 15.20

5.4 6.0 6.0 6.48 6.0 6.91

10.9 12.1 12.1 13.1 12.1 14.1

14.4 17.0 18.2 19.2 19.4 22.1

6.27 7.54 8.12 8.75 8.69 9.98

1.83 2.25 2.50 2.66 2.75 3.09

8.1 51.9 51.9 87.6 51.9 120.2

669.6 713.4 713.4 749.1 713.4 781.7

26.8 42.8 57.1 59.9 71.3 78.2

29.2 32.6 32.6 35.4 32.6 37.9

2.8 2.8 2.8 2.8 2.8 2.8

1.0 1.0 1.0 1.0 1.0 1.0

3.6 3.6 3.6 3.6 3.6 3.6

6.3 6.3 6.3 6.3 6.3 6.3

69.7 89.1 103.4 109.0 117.0 128.0

1.33 1.46 1.46 1.57 1.46 1.67

11.93 13.16 13.16 14.20 13.16 15.13

5.40 5.97 5.97 6.45 5.97 6.87

10.9 12.1 12.1 13.1 12.1 14.1

14.0 16.5 17.6 18.9 18.7 21.3

6.11 7.31 7.82 8.44 8.34 9.58

1.78 2.18 2.41 2.57 2.64 2.97

0.60 3.85 3.85 6.50 3.85 8.92

8.8 56.2 56.2 94.9 56.2 130.2

724.6 772.0 772.0 810.7 772.0 846.0

29.0 46.3 61.8 64.9 77.2 84.6

22.7 24.3 24.3 25.6 24.3 26.9

2.8 2.8 2.8 2.8 2.8 2.8

1.0 1.0 1.0 1.0 1.0 1.0

3.6 3.6 3.6 3.6 3.6 3.6

6.3 6.3 6.3 6.3 6.3 6.3

65.4 84.3 98.8 104.2 115.2 125.2

1.07 1.13 1.13 1.18 1.13 1.23

9.48 10.07 10.07 10.56 10.07 11.04

4.29 4.56 4.56 4.79 4.56 5.01

10.9 12.1 12.1 13.1 12.1 14.1

12.6 15.0 16.6 17.5 18.1 20.1

5.42 6.58 7.32 7.78 8.07 8.99

1.65 2.04 2.32 2.45 2.56 2.86

aUnit costa for power include the pro-rata share of the steam cost.



As can be seen in table IV-A-10c, the total annual cost of running the
combined nuclear island, power plant, and water plant is the sum of all of the
fixed and operating charges. For this report the costs of the two saleable products
(water and electric power) have been balanced against the total charges. The cost
of electric power includes the fixed and operating charges of the power plant plus
that fraction of prime steam cost which corresponds to the fraction of available
work that was converted to electrical energy. The prime steam cost is made up
of both the fixed and operating charges (including fuel) of the nuclear island.
Both of these costs are therefore shown on a unit basis for comparing the relative
merits of different nuclear islands, and are adequate for planning purposes.

Effect of Product Cost Allocation

Although the method of distributing costs between exhaust steam and electric
power used in tables IV-A-10a, 10b, and 10c provides a logical guide based on
the cost to produce power, the distribution need not be made in this way. The

effect of the price assigned to power on the cost of water is shown graphically in
figure IV-A-10 for the BWR 2-reactor station for three fixed charge rates. The

corresponding curves for the BWR 3-reactor station and the GPTR lie very close
to the ones shown.

THE 1990 PERIOD DUAL-PURPOSE PLANT

Coupling

For application to a dual-purpose power and water desalination project, the

1985 to 1990 power-only reactor concepts were extrapolated in size to 5, 000 tmw
and cost estimates made for a complex of two 5, 000-tmw reactors. The prime

steam generated by the nuclear reactor complexes (referred to as the "nuclear
island") was then expanded through turbine generator systems (referred to as the
"power plant") to a temperature of 260 0 F at 34. 5 psia for the boiling-water reactor
and to a temperature of 3100 F at 78 psia for the breeder reactor and the advanced
converters. The higher evaporator crossover temperature for the more advanced
systems was chosen to minimize power production and effectively utilize the
turbine exhaust heat from a 10, 000-tmw reactor in the production of 1 bgd of
water.

As can be seen from table IV-A-11a, the gross electrical generation ranges

from 1, 900 MWE for the HWOCR to over 3, 600 MWE for the HTGR although the

water production remains constant at 1 bgd. These quantities emphasize the fact
that a 1 bgd dual-purpose plant in which the prime steam is generated at the high
temperatures characteristic of efficient power stations of necessity produces
large blocks of electrical power. The possibilities of developing evaporators with
lower power-to-water ratios have been discussed in this appendix.
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Table IV-A-11a. -Assumed Station Performance, Dual-Purpose
Plants-Post-1985 Time Period

Station performance BWR VLFBR HTGR HWOCR

Station thermal power, tmw.........10,000 10,000 10,000 10,000
Gross thermal efficiency, percent. 21.6 23.3 36.2 19.1
Gross electric generation, MWE.... 2,160 2,330 3,620 1,910
Reactor auxiliary power, MWE.......41 78 20 23
Turbine plant auxiliary power,

MWE............................. 51 128 158 39
Net saleable electric power, MWE.. 1,894 1,945 3,242 1,668
Prime steam temperature, OF....... 540 900 1,050 725
Prime steam pressure, psia.........965 2,400 3,500 900
Prime steam production, 106 mil-

lion Btu/yr................... 269 269 269 255
Exhaust steam production, 106
million Btu/yr.................. 210 206 171 204

Exhaust steam pressure and temper-
ature, psia and F..............35, 260 78, 310 78, 310 78, 310

Evaporator performance ratio,
lb H20/l0 Btu................... 13 13 16 13

Water plant power, MWE.............173 179 188 179
Water production, mgd............. 1,000 1,000 1,000 1,000

A possible method of limiting electric power production exists in the unclad
metal breeder reactor (UMBR) concept which may be operable only at relatively
low temperatures. This concept requires extensive development before its feasi-
bility is established, but it could potentially provide low-cost heat for high water-
to-power ratio desalting plants.

Estimated Costs

Tables IV-A-lla, lib, and 11c present typical performance and cost data on
post-1985 dual-purpose plants.

The fuel cycle charges for breeder reactors (and hence power and water costs
at reasonable charge rates) are low because of the offsetting income assumed
from the sale of plutonium. Consequently, a change in plutonium value from that

assumed herein ($9. 76 per g) will affect the fuel cycle costs, and therefore product
costs. The sensitivity of fuel cycle costs to plutonium value at different in-
ventory charge rates for the VLFBR is shown in figure IV-A-11 for charges of

t20 and 40 percent from the reference plutonium value.
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Table IV-A-11b. -Station Capital Costs, Dual-Purpose
Plants-Post-1985 Time Period

(Generalized backup data-specific analysis in chapter VI)

Cost (106 $)

Capital cost item Nuclear Power Water Total First

island plant plant plant core

Boiling-water reactor (BWR) .... 14.9
Direct cost..................105.6 76.8 260.0
Indirect cost.................26.5 16.6 40.0

Total...................... 132.1 93.4 300.0 525.5

Fast-breeder reactor (VLFBR)... 13.8
Direct cost..................147.9 77.8 206.5
Indirect cost.............. 37.7 17.9 32.3

Total...................... 185.6 95.7 238.8 520.1

High-temperature gas-cooled re-

actor (HTGR) ................. 19.2
Direct cost..................156.1 109.0 240.0
Indirect cost.................39.8 25.1 37.5

Total...................... 195.9 134.1 277.5 607.5

Typical heavy-water reactor

(HWoCR) ........ .............. 13.2
Direct cost..................110.8 68.0 200.0
Indirect cost............... 28.5 15.6 31.3

Total...................... 149.1 83.6 231.3 506.0
D20...................... 42.0

Although the method of distributing costs between exhaust steam and electric
power used here provides a logical guide based on the cost to produce power, the
distribution need not be made in this way. The effect of the price assigned to
power on the cost of water is shown graphically in figure IV-A-12 for the BWR and
VLFBR in which fixed charges of 6 and 14 percent were used in each case.

In the capital cost estimates (which are based on construction in the United
States) no allowance has been made for land costs in populous areas or costs
associated with particular nuclear safety requirements caused by location such as
unusual construction that might be required, for sites in seismically active regions.
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Table IV-A-11c. -Annual and Unit Costs, Post-1985 Time Period, Dual-Purpose Plants Based on Various Fixed Charge Rates and Cost of Money

(Generalized backup data-specific analysis in chapter VI)

Cost items Boiling-water reactor (BWR) Fast breeder reactor (VLFBR)

Fixed charge rate (depreciation capital), $/yr ... 4.00 6.00 8.00 8.00 10.00 10.00 14.00 18.00 4.00 6.00 8.00 8.00 10.00 10.00 14.00 18

Cost of money, percent/year ........................ 0.60 3.85 3.85 6.5 3.85 8.92 8.92 11.00 0.60 3.85 3.85 6.50 3.85 8.92 8.92 1

Interest during construction, 10 6$ ............... 6.3 40.5 40.5 68.3 40.5 93.7 93.7 115.6 6.2 40.0 40.0 67.6 40.0 92.9 92.9 111

Total amortized capital, 106$ .................... 531.8 566.0 566.0 593.8 566.0 619.2 619.2 641.1 526.3 560.1 560.1 587.7 560.1 613.0 613.0 634

Annual charges, 106 $/yr

Total fixed charges ............................. 21.3 34.0 45.3 47.5 56.6 61.9 86.7 113.4 21.1 33.6 44.8 47.0 56.0 61.3 85.8 111
Fuel cycle charges .............................. 25.3 27.2 27.2 28.8 27.2 30.2 30.2 31.4 a-4.4 0.6 0.6 4.5 0.6 8.3 8.3 12
Nuclear island 0&i + nuclear insurance (0.6) ... 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.7 2.7 2.7 2.7 2.7 2.7 2.7
Power plant 0&M .................................. 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1

Water plant 0&M .................................. 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.3 2.3 2.3 2.3 2.3 2.3 2.3

Water plant chemicals ............................ 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1

Total ......................................... 58.0 72.6 53-9 7.7 95.2 103.5 1.3 158.2 27.. 56.5 62. 67.7 807 105.2 13

Unit operating cost only

Electric powerb, mills/kw-hr ..................... 1.17 1.24 1.24 1.31 1.24 1.36 1.36 1.41 a-0.16 0.19 0.19 0.33 0.19 0.47 0.47 C

Prime steam, //million Btu ....................... 10.37 11.08 11.08 11.67 11.08 12.19 12.19 12.63 a-0 .63 1.22 1.22 2.68 1.22 4.09 4.09

Exhaust steam, /million Btu ..................... 4.68 5.01 5.01 5.28 5.01 5.52 5.52 5.72 a-0.44 0.56 0.56 1.36 0.35 2.13 2.13

Total unit costs

Fuel cycle, f/million Btu ........................ 9.4 10.1 10.1 10.8 10.1 11.3 11.3 11.7 a-l.64 0.22 0.22 1.68 0.22 3.10 3.10

Prime steam, f/million Btu ...................... 12.36 14.25 15.31 16.11 16.37 17.98 20.29 23.42 2.16 5.69 7.17 8.91 8.66 12.22 15.47 2

Exhaust steam, million Btu ................... ... 5.05 5.92 6.41 6.78 6.90 7.64 8.7 10.15 0.63 2.55 3.36 4.31 4.17 6.11 7.88 1

Electric power,0 mills/kw-hr ..................... 1.68 2.02 2.1 2.36 2.49 2.72 3.23 3.88 0.56 1.03 1.29 1.48 1.55 1.94 2.52

aGain.

bnit costs for power include the pro-rate share of the steam cost.
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Table IV-A-11c. -Concluded. Annual and Unit C osts, Post-1985 Time Period, Dual-Purpose Plants Based on Various Fixed Charge Rates and Cost of Money

(Generalized backup data-specific analysis in chapter VI)

Cost items High-temperature gas-cooled reactor (HTGR) Typical heavy-water reactor (HWOCR)

Mixed charge rate (depreciation capital), $/yr ... 4.00 6.00 8.00 8.00 10.00 10.00 14.00 18.00 4.00 6.00 8.00 8.00 10.00 10.00 14.00 1

Cost of money, percent/yr .......................... 0.60 3.85 3.85 6.5 3.85 8.92 8.92 11.0 0.60 3.85 3.85 6.5 3.85 8.92 8.92 1

Interest during construction, 10 6 $................ 7.3 46.8 46.8 68.6 46.8 108.4 108.4 133.7 5.6 35.7 35.7 52.4 35.7 82.8 82.8 10,

Total amortized capital, 106$ ..................... 614.8 654.3 654.3 676.1 654.3 715.9 715.9 741.2 511.6 541.7 541.7 558.4 541.7 588.8 588.8 60

Annual charges, 106 $/yr

Total fixed charges ............................. 24.6 39.3 52.3 54.1 65.4 71.6 100.2 133.4 19.0 31.6 41.6 44.0 51.6 58.4 80.3 10
Fuel cycle charges .............................. 18.3 22.5 22.5 27.3 22.5 30.0 30.0 33.0 15.9 17.2 17.2 18.3 17.2 19.3 19.3 2C
Nuclear island 0&M + nuclear insurance (0.6) ... 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2
Power plant 0&M...................................1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1
Water plant 0&M .................................. 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2
Water plant chemicals ............................ 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 . 5

Total 54.2 73.1 $6.1 $79 99.2 112.9 141.5 177.7 4.0- 59.9 699 73. 79.9 88.8 110.7 137

Unit operating cost only

Electric powera, mills/kw-hr ..................... 0.63 0.74 0.74 0.88 0.74 0.96 0.96 1.04 0.74 0.79 0.79 0.83 0.79 0.86 0.86 C

Prime steam, >/million Btu ....................... 7.77 9.33 9.33 11.12 9.33 12.12 12.12 13.23 7.29 7.8 7.8 8.24 7.8 8.63 8.63 E
Exhaust steam, /million Btu ..................... 2.84 3.44 3.44 4.11 3.44 4.49 4.49 4.91 4.30 4.61 4.61 4.88 4.61 5.11 5.11 5

Total unit costs

Fuel cycle, million Btu ......................... 7.8 9.6 9.6 11.6 9.6 12.8 12.8 14.0 6.6 7.1 7.1 7.6 7.1 8.0 8.0 E
Prime steam, 0/million Btu ....................... 10.72 14.04 15.61 17.70 17.17 20.70 24.13 29.23 9.76 12.22 13.48 14.12 14.74 16.99 19.74 23
Exhaust steam, //million Btu ..................... 3.32 4.58 5.17 5.96 5.76 7.10 8.40 10.33 5.42 6.91 7.67 8.05 8.43 9.79 11.45 13
Electric powera, mills/kw-hr ..................... 1.09 1.46 1.68 1.86 1.91 2.22 2.71 3.37 1.25 1.61 1.85 1.93 2.09 2.35 2.87 3

aUnit costs for power include the pro-rate share of the steam cost.
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Figure IV-A-11. -Sensitivity of Net Fuel Cycle Cost to Value of Plutonium
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Figure IV-A-12. -Typical Tradeoffs Between Power and Water Cost-1990 Time Period
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None of the advanced converter reactor concepts described herein are
offered commercially in the sizes contemplated; therefore, costs for the con-
verters presented here are not as firm as those presented for the light-water
reactors in the phase 1 study. However, the 830-tmw HTGR prototype is cur-
rently planned for construction in Colorado and will provide useful cost and
operating information prior to construction of the first dual-purpose plant.

Breeders are in an earlier stage of development than the HTGR's, hence the
cost projections on them are even more speculative.

In general, however, the data shown are believed to reflect the relative
merits of the different reactor concepts and assumptions, and they are therefore
considered suitable for planning purposes. The absolute costs for the various
reactor concepts are less certain, for construction and operating costs at a

remote site may be greater than shown. Conversely, a trend to improved core

designs operating at higher power densities may lower investment costs. How-
ever, for present studies it is believed that further work is not necessary prior

to a design study except for normalizing site and safety costs.
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Appendix IV-B

ADVANCED VAPOR-COMPRESSION WATER-ONLY PLANTS
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INTRODUCTION

Chapter IV includes a discussion of the possibility of advanced water-only
plants. This appendix describes such a plant of the vapor-compression (VC)
vertical-tube (VTE) process.

CYCLE DESCRIPTION

Figure IV-B-1 provides a simplified cycle description. Steam at 2400 psig
and 900 0 F is generated in a 5700 tmw fast breeder reactor. The steam is
expanded through a number of back-pressure turbines; one of these drives a
380 MW generator for station power, while four others drive vapor compressors
requiring 285, 000 hp each. Steam is bled from these turbines for conventional
feed water heating serving the steam generator. Each vapor compressor has a
capacity of 2. 5 million cfm at the suction pressure of 23 psia and discharges
vapor at 78 psia, corresponding to 3100 F at saturation.

The vapor compressor pumps steam through 6 VTE effects. Additional
steam at 78 psia is delivered from the back-pressure turbines to the same 6 effects.
A portion of the steam evaporated in the sixth effect provides the energy for
8 low-temperature VTE effects, while the balance of steam from the sixth effect

goes to the vapor compressors.

The entire complex of VTE effects is served by trains of multistage flash
evaporators which heat feed for the effects and cool brine and product.

EVAPORATOR PLANT DESCRIPTION

The plant is divided into four reinforced concrete and steel structures with
steel roofs, each structure representing a 250 mgd train which may be operated
independently of the remaining trains. The portions of the structures operating
at above 2500 F are entirely of steel. Each train is associated with two sea-
water intake pumps, two blowdown pumps, two product pumps, four makeup
pumps, and four booster pumps. Two sets (15 per set) of effect brine recycle
pumps are provided for each train. Each 250 mgd train is further divided into
four 62-1/2 mgd modules, each having its own preheater bundles, product water
stream, brine stream, final condenser, deaerator, booster pump, and makeup
pump.

Each module is divided vertically into the multistage flash feed heater on the
lower floor and the vertical tube effects on the upper floor. Lengthwise, the
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plant is divided into 42 flash evaporator stages and 14 vertical-tube effects.
Large steam ducts run from the vapor compressors to the first effect and then
back to the vapor compressors from the sixth effect. The first six effects con-
tain 20-foot-long fluted tubes, while the balance of the plant has 10-foot tubes.
The plan view of each structure is generally trapezoidal in shape, increasing in
width at the low temperature end.

The layout of the four trains with the trapezoidal-shaped modules results in
a semicircular (half-doughnut) shaped plant with an inside diameter which
logically could be occupied by the reactor and power plant.

A summary of plant parameters is given in table IV-B-1 and a cost break-
down in table IV-B-2.

DISCUSSION OF TECHNOLOGY

The technology of the advanced vapor-compression plant is basically the
same as that of the combined VTE-MSF plant described earlier, with the
addition of large vapor compressors.

A considerable number of axial flow compressors for fluids other than steam
have been built to date with capacities ranging up to 1, 500, 000 cfm. Specialized
compressors with capacities from 4, 500, 000 to 13, 000, 000 cfm have been built.
The largest compressor built to date is the 13,000,000-cfm compressor located
at the United States Air Force Propulsion Wind Tunnel at Tullahoma, Tennessee.
Flows in this compressor system range from 7,000,000 to 13,000,000 cfm at the
inlets with Mach numbers from 1.4 to 3. 5 at the supersonic test section.

While there is no doubt about the feasibility of large vapor compressors, the
optimization of any particular unit will require extensive model testing so that
the proper flow configuration and efficiency are obtained. Methods of injecting
moisture to reduce superheat and improve efficiency should be developed. The
development of low-cost materials for blades, such as epoxy-impregnated fiber
glass, would also be desirable to reduce the cost of the equipment. Development
of 2, 500, 000 cfm vapor compressors of pressure ratio 3.4, required for the
1-bgd plant, should be possible by 1985 or sooner.
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Table IV-B-1. -Summary of Advanced 1-bgd Vapor-Compression Water-Only Plant Parameters

High temperature Low temperature Total evaporator
VC-VTE portion VTE portion

Evaporator dimensions, ft.........
Water plant plan, ft.............

Performance ratio, lb/l,000 Btu...
Steam temp., F...................
Brine temp. range, 0F............

Concentration ratio..............
Shell construction................

No. of trains....................
Streams per train................
Upper level.....................
Lower level.....................

Power requirements, M1...........
Number of effects, VTE...........
Number of stages, MSF preheater...

Steam requirements, tmw..........

72L x 607W x 37H

300 to 226

Steel, some concrete

4
4

VTE
MSF preheater

6
18

172L x 984W x 29H

223 to 115

Concrete and steel

4
4

VTE
MSF preheater

8
24

244L x 984W x 37H
550L x 1500W

17.7
310

300 to 115

2.5

4
4

VTE
MSF preheater

143
14
42

5,700



Table IV-B-1. -Concluded. Summary of Advanced 1-bgd Vapor-Compression Water-Only Plant Parameters

VTE MSF Condenser
} I

Material...........................
Velocity, ft/sec..................
Tube type.........................
OD, length VC-VTE.................

Low temp. VTE..........
Wall..............................
Tube life, yr.............
Overall U, Btu/hr-ft2  F..........
Surface area, ft 2 VC -VTE ......... .

Low temp. VTE.. .

90:10 CuNi

Double fluted
1 in to 1-1/2 in x 20 ft
1-1/2 ft to 3 ft x 10 ft

0.035 in

30
812 to 1484
12,100,000
6,960,000

90:10 CuNi
5

Spiral
3/4 in
3/4 in

groove
x 72 ft
x 172 ft
0.035 in

30
930 average
3,000,000
4,300,000

90:10 CuNi
5

Spiral groove

3/4 in x 32 ft
0.0149 in

30
783

990, 000



Table IV-B-2. -Capital Cost Breakdown for Advanced 1-bgd
Vapor-Compression Water-Only Plant

(1967 $U. S.)

Site work, buildings, cranes........................
Chemical treatment systems..........................
Pumps and drives....................................
Piping and valves...................................
Deaerator system......................................
Evaporator shells and demisters.....................
Effect tube bundles, installed......................
Preheater tubes, installed.........................
Condenser.............................................
Electrical and instruments.........................
Product cooler.....................................
Turbine and generator plant.........................
Vapor compressors..................................

Subtotal, direct costs..........................

Engineering, 6 percent of above.....................
Owners' general and administrative cost, 1 percent....
Contingency, 8 percent..............................
Interest during construction, 5.7 percent..............

Grant Totala......................................

$ 2,314,000
4,910,000

19,710,000
13,750,000
1,542,000

25,000,000
62,100,000
19,400,000
3,770,000

14,300,000
3,000,000

22,900,000
8,600,000

$201,296,000

12,078,000
2,134,000

17,241,000
13,267,000

$246,016,000

aCostdoes not include nuclear island, sea-water intake, or land.
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GENERAL

The following data were assembled for use in determining the location for

the dual-purpose desalting plant and in developing the detailed studies for each
site which are discussed in the main report.

GENERAL INFORMATION FOR THE AREAS UNDER CONSIDERATION

Meteorology

Introduction

The region under study is that of the lower Colorado River basin from the
U. S. -Mexican border to the mouth of the Colorado River; also the coastal plains

from San Felipe on the Baja California peninsula to Puerto Peasco in Sonora

(fig. V-A-1). The Colorado Desert lies to the west of the delta region, and some
15 miles from the Colorado River are the Cucapas and El Mayor Mountains, with

elevations of 3, 000 feet (930 m). To the east lies the Sonora Desert, the main
elevations being the Gila Mountains (with maximum elevation of 2, 770 feet (844

m)), and much farther to the southeast is the Sierra del Pinacate, with elevations

of 4, 560 feet (1, 400 m). A southern extension of this Sierra almost reaches the
coast near Puerto Penasco. To the north of the U. S. -Mexican border are the
Mohave Desert (west of the Colorado River) and the Yuma Desert in Arizona
toward the east, which is an extension of the Mexican Sonora Desert.

The terrain in the delta region and coastal plains is relatively flat, with a

gentle slope toward the north reaching about 100 feet (30. 5 m) near the border.

The region just described is the driest in Mexico and one of the most arid in

the world.

The Data

Climatological data were obtained from seven meteorological stations. The
Mexican Meteorological Service and the Secretaria de Recursos Hidriulicos
operate the following five stations: San Felipe, El Mayor and Mexicali in Baja

California Norte and Puerto Penasco and San Luis Rio Colorado in Sonora.

Data for surface wind roses and wet bulb temperatures were taken from the
station at the Puerto Peiasco airport operated by Compania Mexicana de
Aviacion.
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The seventh station at the Yuma International Airport is operated by the U. S.
Weather Bureau. Radiosonde (upper air) observations taken by U. S. Army
meteorological teams at the Yuma Proving Ground were also used. The loca-
tions of the climatological stations are shown in figure V-A-1.

Climatological data for the five Mexican stations and Yuma are shown in
table V-A-1. The data are monthly and yearly averages over a period of 10 to 15
years for the following meteorological elements:

1. Maximum and minimum recorded temperature.
2. Extreme maximum and minimum temperature.
3. Average daily temperatures.

4. Precipitation.

5. Evaporation.
6. Prevailing winds.
7. Number of days with rain, clear skies, fog, dust storms, and sleet.

Also shown in table V-A-1 are data for the station at Yuma containing nor-

mals, means, and extremes for various meteorological elements.

Temperature

Average maximum temperatures for the region from June to August are from

40 to 42 C (1040 to 108 F) and average minimum temperatures in January are
40 to 5oC (390 to 41 F) near the U. S. -Mexican border. At the southern end of
the region, the minimum temperatures are slightly higher (6 to 70 C (430 to
450 F)).

The highest recorded temperatures are 57*C (134 F) in San Felipe and ap-
proximately 490 (1200 F) and 540 C (1200 and 129 F) near the U. S. -Mexican bor-
der. Lower (410 C (106 F)) maximum temperatures are observed at Puerto
Penasco because of the cooling effect of the sea breeze from the south during the

summer (fig. V-A-2).

The lowest recorded minimum temperatures are -20 C (280 F) at Yuma and
-7* C (19 F) at Mexicali. Toward the coast the minimum temperature values get

slightly higher (00 C (320 F)).

Wet Bulb Temperature and Relative Humidity

Average daily variation of humidity and dry and wet bulb temperature for
Puerto Peniasco are representative of humidity conditions at coastal sites (fig.
V-A-3).
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Table V-A-1. -Climatological Data-Puerto Pejiasco, Son.
(Period: 1954 to 1965)

Number of days with--

Month Daily max. Daily min. Precipitation Prevailing
temp. temp. mm wind.Rain Clear Fog Dust

Skies storm

Jan. 21.4 5.7 10.8 W 2 12 10 4 1

Feb. 22.0 8.0 5.5 W 1 15 8 3 0

Mar. 26.0 9.7 2.5 W 0 15 2 0 0

Apr. 27.5 12.2 0.4 W 0 17 2 0 0

May 28.1 15.1 1.5 SE 0 18 0 1 0

June 32.8 17.8 0.5 SE 0 23 0 0 0

July 34.9 22.1 2.3 S 0 13 1 2 0

Aug. 35.4 23.1 5.6 S 1 12 2 1 0

Sept. 35.2 20.1 7.7 S 1 20 6 1 0

Oct. 33.0 14.5 22.8 W 1 19 5 0 0

Nov. 24.0 10.0 7.3 W 1 15 4 1 0

Dec. 22.4 8.1 12.8 NW 1 14 4 0 0

Annual 79.7 8 193 44 13 1



Table V-A-1. -Continued. Climatological Data-San Felipe, B. C. N.
(Period: 1949 to 1965)

Number of days with--

Month Daily max. Daily min. Precipitation, Evaporation, Prevailing
temp. temp. mm mm wind Rai Clear Sleet Thunder

skiesF storm

Jan. 24.8 6.8 2.4 27.5 NW 1 25 1 0 0

Feb. 26.8 7.3 1.5 149.5 NW 0 25 1 0 0

Mar. 28.9 9.2 4.8 137.7 NW 0 27 0 0 0

Apr. 33.1 12.0 2.2 219.9 NW 0 27 0 0 0

May 36.0 15.0 0.0 271.8 NW 0 30 0 0 0

June 39.3 18.6 2.0 277.8 NE 0 29 0 0 0

July 41.6 22.8 2.0 296.7 NE 0 27 0 0 0

Aug. 41.5 22.7 10.7 268.2 NW 1 27 0 0 0

Sept. 4o.5 20.9 5.9 255.8 E 1 27 0 0 0

Oct. 36.2 15.6 7.1 208.0 NW 1 28 0 0 0

Nov. 31.1 11.2 2.1 156.0 NW 0 24 0 0 0

Dec. 26.5 8.3 10.0 132.4 W 1 23 0 0 0

Annual 50.7 2,537.3 5 319 2 0 0

c

OD



Table V-A-1. -Continued. Climatological Data-San Luis Rio Colorado, Son.
(Period: 1951 to 1965)

Number of days with--

Month Daily max. Daily min. Precipitation, Evaporation, Prevailing
temp. temp. mm mm wind Rain Clear Fog Thunder storm

skies

Jan. 20.6 4.4 9.8 85.0 N 2 26 0 0

Feb. 23.3 6.5 2.9 103.3 NW 1 23 0 0

Mar. 26.8 9.1 1.8 155.9 NW 0 28 0 0

Apr. 30.3 12.3 0.4 213.3 W 0 27 0 0

May 34.2 16.0 0.0 277.4 W 0 28 0 0

June 39.3 20.0 0.1 317.5 SE 0 29 0 0

July 41.7 25.6 1.4 359.2 SE 0 29 0 0

Aug. 41.7 25.9 13.0 324.7 SE 1 27 0 0

Sept. 39.3 21.9 7.2 260.6 N 0 8 0 0

Oct. 33.7 15.2 4.7 178.2 N 1 8 0 0

Nov. 26.7 8.1 0.5 108.1 W 0 28 0 0

Dec. 21.9 4.4 6.8 90.8 N 1 26 0 0

Annual 48.6 2,472.0 6 327 0 0



Table V-A-1. -Continued. Climatological Data-Mexicali, B. C. N.
(Period: 1949 to 1965)

Number of days with--

Month Daily max. Daily min. Evaporation, Precipitation, Prevailing
temp. temp. mm mm wind ClearRain s Sleet Hail Fog

skies

Jan. 20.5 4.2 66.9 11.8 W 3 21 4 0 1

Feb. 23.1 6.2 94.7 4.5 NW 2 22 1 0 0

Mar. 25.9 8.4 155.0 1.9 NW 1 25 0 0 0

Apr. 30.9 12.7 213.0 1.6 1 25 0 0 0

May 34.5 15.3 284.0 0.2 0 28 0 0 0

June 39.7 19.4 315.3 0.4 NW 0 27 0 0 0

July 42.1 24.5 324.6 1.8 1 23 0 0 0

Aug. 41.0 24.3 282.1 7.8 1 22 0 0 0

Sept. 39.8 20.9 220.1 3.3 1 26 0 0 0

Oct. 33.7 15.1 150.4 7.4 0 27 0 0 0

Nov. 25.9 8.7 82.4 3.7 NW 1 22 0 0 0

Dec. 20.9 4.7 57.0 9.5 NW 2 21 3 0 1

Annual 2,245.5 53.9 13 289 8 0 2

I-a
0



Table V-A-1. -Continued. Climatological Data-El Mayor, B. C. N.
(Period: 1950 to 1965)

Number of days with--

Month Daily max. Daily min. Precipitation, Evaporation, Prevailing
temp. temp. mm mm wind Rain Clear Sleet Thunder

skiesF storm

Jan. 22.5 6.3 4.8 93.9 N 1 23 2 0 0

Feb. 24.0 7.4 2.2 110.8 N 1 21 1 0 0

Mar. 26.5 8.9 3.2 159.9 S 1 25 0 0 0

Apr. 30.7 10.8 1.0 201.5 E 0 27 0 0 0

May 33.9 12.5 0.1 258.4 S 0 26 0 0 0

June 38.9 15.4 0.1 295.4 S 0 28 0 0 0

July 40.8 19.1 2.1 325.3 E 1 24 0 0 0

Aug. 39.7 19.3 10.2 303.2 E 1 25 0 0 0

Sept. 38.1 17.3 10.5 273.6 E 1 26 0 0 0

Oct. 33.8 14.2 5.8 207.7 E 1 26 0 0 0

Nov. 27.8 9.6 1.4 119.9 N 1 23 0 0 0

Dec. 24.8 6.4 6.2 95.0 N 1 23 3 0 0

Annual 47.6 2,440.6 9 297 6 0 0



Table V-A-1. -Concluded. Climatological Data-Yuma, Ariz.

Temperature Precipitation Relative humidity Wind Mean number of days

Daily Daily Normal Maximum Maximum Mean Prevail- Sunrise to Precipita-
Month maxi- mini- Monthly Record Record total monthly rainfall 5:00 am 11:00 am hourly ing di- sunset tion 0.1 inch Thunder Heavy

mum mum highest lowest rainfall rainfall in 24 hr M ST MST speed rection clear or more storms fog

Jan. 69.3 41.5 55.4 86 28 0.39 1.29 0.56 53 35 7.2 N 16 2 0 (a)

Feb. 73.9 44.2 59.1 94 28 0.36 1.82 1.34 49 29 7.6 N 17 2 (a) (a)

Mar. 80.8 50.1 65.5 97 32 0.24 0.62 0.27 45 25 8.0 WNW 18 2 0 0

Apr. 86.3 56.5 72.4 107 42 0.09 1.20 1.08 43 21 8.4 W 21 1 (a) 0

May 95.8 63.3 79.6 115 49 0.01 0.37 0.37 39 19 8.5 WNW 24 (a) (a) 0

June 103.4 71.0 87.2 120 54 0.01 0.02 0.02 36 19 8.5 SSE 26 (a) (a) 0

July 108.2 80.3 94.3 119 63 0.23 1.07 1.06 47 29 9.6 SSE 22 1 2 0

Aug. 108.3 78.4 92.5 117 64 0.50 1.31 0.90 55 34 9.1 SSE 22 2 2 0

Sept. 103.4 72.8 88.1 115 58 0.38 2.47 2.42 53 29 7.0 SSE 26 (a) 1 0

Oct. 92.0 60.6 76.3 109 44 0.38 2.68 2.09 49 27 6.4 N 24 1 1 0

Nov. 78.7 49.0 63.9 98 30 0.12 0.58 0.32 48 28 6.8 N 19 1 (a) (a)

Dec. 70.8 43.1 57.0 86 28 0.32 1.67 1.37 47 32 7.0 N 18 2 (a) 1

aLess than 1/2 day.
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Wet bulb temperatures are of the order of 24 C (750 F) at noon in July and
get down to 120 C (540 F) in January. Relative humidity varies from 50 to 80
percent during the day at Puerto Peniasco, with January being slightly drier than
July.

Precipitation

Average yearly precipitation amounts to 50 to 75 millimeters (2 to 3 in.) in
the area. But annual rainfall variability is very high. It ranges from less than
5 millimeters in dry years (1954, 1956, and 1964) to more than 100 millimeters
(290 mm in Yuma) in wet years (1957 and 1963) (fig. V-A-4)).

Measured by the coefficient of variation rainfall, annual variability for the
area ranges from 60 to 80 percent.

Rainfall occurs briefly during two parts of the year. There is a primary

maximum from July-October and a secondary during the winter season. Summer
rains are mostly local in nature and occur in thunderstorms.

Heavy general rains can occur in late summer or early fall in connection
with the arrival of tropical air originating in tropical cyclones off the west coast
of Mexico which occasionally move into the area. These storms occur once in 7
years over the delta region. Winter precipitation is the result of extra tropical
depressions moving into the area from the Pacific Ocean, usually from the north-
west or west.

The largest rainfall amount during this century registered at Yuma was 53

millimeters (2 in.) in 12 hours on October 27, 1957.

Surface Air Movement

Temperature differentials between air and water should generally result in
nighttime land breezes and afternoon breezes along the coastal plains affecting

the climatology as follows:

1. The frequency and severity of low-level temperature inversions along

the coast would be significantly less than farther inland toward the border. This
is because the night land breeze would create some turbulent exchange. At
Puerto Penasco, this breeze circulation effect is clearly shown (fig. V-A-5).

2. The incidence of calm or light winds along the coast would be less than
at places farther inland along the river valley.

3. Because of influence, extremes of temperature are generally less

severe near the coast than farther inland.
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Surface wind roses for Yuma indicate that the predominant wind directions in
the warmer part of the year (June through August) are from the southern quadrant
while in the colder months (November through February) predominant wind direc-

tions are from the northern quadrant (fig. V-A-6). The Yuma wind data are be-
lieved to be reasonably representative for the inland places of the area. In
December there were winds from the northern quadrant 62 percent of the time
and in July from the southern quadrant 55 percent of the time. The average

yearly wind speed is 7. 9 mph (12. 7 km/hr); wind speeds are greatest in summer
(9. 6 mph (15.4 km/hr) in July) and least in winter (7. 0 mph (11.3 km/hr) in
December). This is largely because of the existence in summer of a well-defined
stationary thermal low-pressure area centered in southwestern Arizona. Maximum
wind gusts recorded at Yuma are 54 mph (86. 9 km/hr) from the south in August.
Dust devils are frequent afternoon occurrences in the hot dry months, and
tornadoes averaging approximately five a year have also been observed east of the
region. Possible tornadic activity in the inland areas cannot be ruled out,
although it is extremely unlikely.

Because the accumulation of pollutants from a continuous source is related
to the persistence of light winds, it was found that in the 4 years of record for
Yuma, the longest period of calm was 10 hours which occurred once in November
and once in December. Winds of less than 4 mph (6.4 km/hr) persisted a
maximum of 18 hours which occurred in November and once in December.

The percentage of calm conditions as indicated by observations made once
an hour increases from a minimum of 5 percent in July to a maximum of 14
percent in November. As would be expected, calms occur primarily during the
night and early morning.

Along the coastal plains, the local air circulation is controlled mainly by
the orientation of the coastline. At Puerto Penasco, the land breeze blows
from the east at night and early morning as is shown for 9 a. m. wind roses in
figure V-A-6. At this hour, however, the frequency of calms is high, partic-
ularly during the winter and spring months.

The sea breeze is established (from the south and west) once the temperature
of the air gets higher over the coast than at sea (fig. V-A-6). It can be seen
also from the Puerto Penasco wind roses that the frequency of calms is reduced
during the warm period of the day throughout the year.

Frequency of calms and light winds from hourly observations at Puerto
Penasco is shown in table V-A-2. Light winds and stagnant air are more frequent

during the fall and winter months.
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Figure V-A-6. -Surface Wind Roses, Yuma, Arizona.
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Figure V-A-6. -Continued. Surface Wind Roses, Yuma, Arizona.
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Table V-A-2. -Frequency of Calms and Light Winds in Puerto Penasco
(Period: 1962 to 1963)

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

C alms,
Percent 36 33 39 31 15 13 13 18 22 28 24 33

Winds 1 to 5
mph, percent 19 17 16 17 17 16 11 12 18 20 21 27

Figure V-A-7 shows the diurnal variation of wind intensity at Puerto Pefiasco.
Again, here, as in Yuma, calms and light winds occur mainly at night and during
early morning.

Air Movement in Layer up to 5, 000 Feet (1, 524 m)

The wind at this layer should be somewhat indicative of the trajectory along
which the pollutant would be carried. "Tabulation of Frequency of Occurrence

of Mean Layer Wind"1 contains data showing the frequency of occurrence by month
of mean winds in the layer between the surface and 5, 000 feet (1, 524 m). The
following listing shows the quadrants from- which the prevailing mean layer winds
blew.

Month

January
February
March
April

May
June

July
August
September

October
November

December

Quadrant centered on:

North
North

West
West
West-southwest
West-southwest
Southwest
Southwest
Southwest

West southwest
Data not available
North

These winds for the layer up to 5, 000 feet should be representative of most

of the area under study except for sites on the coast.

1U. S. Weather Bureau, Tabulation of Frequency of Occurrence of Mean Layer

Wind, Yuma, Arizona, Signal Corps. Test Station Job 5906, Oct. , 1964.
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Atmospheric Stability

Dispersion of pollutants introduced into the atmosphere from the ground is
promoted by atmosphere instability. Instability is a function of the rate of de-
crease of temperature with elevation. Conversely, pollutants tend to accumulate
in the lower layer of the air near the ground if the atmosphere is stable. Stability
becomes more severe as temperature increases with elevation. This condition is
termed a temperature inversion. Inversions can be present with their bases on
the ground or the base may be at higher elevations. Inversions are caused by sub-
sidence, radiation cooling at ground level, or advection at higher levels of warm-
er air moving over a lower stratum of colder air.

The radiation inversion is the most common type in the area under study as
prevailing low atmospheric moisture and frequent clear skies permit rapid night-
time radiation from the ground. Table V-A-3 shows by season and time of day
the estimated percentage frequency of occurrence of an inversion whose base is
below 500 feet (152.4 iM). 

2

It should be mentioned that the results shown in table V-A-3 are only ap-
proximations to actual conditions because of the use in the reference of certain
simplifying assumptions which may not be entirely valid.

Undoubtedly, strong ground-base inversions occur particularly during winter
nights under clear skies and with light wind conditions. Under such conditions,

Table V-A-3. -Estimated Percentage Frequency of Occurrence

sion Whose Base is Below 500 Feet

of an Inver-

Time, Mountain Standard

Season a b a b

5:00 pm 8:00 pm 5:00 am 8:00 am

Winter ... 0 88 96 92

Spring ... 0 58 86 68

Summer ... 0 59 86 38

Fall .... 0 95 92 88

2Hostler, C.: Low Level Inversion
Sept., 1961.

Frequency, U. S. Monthly Weather Rev. ,
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the pollutant being discharged from a stack whose orifice is within the inversion
layer will be concentrated in the atmosphere at stack level. As soon as the in-

version is eliminated by daytime heating, vertical mixing will take place which

will bring substantial pollution down to ground level, an effect termed
"fumigation. "

Characteristic Synoptic Condition

The following is a description of the most frequent weather systems that are

characteristic for the area under study.

Summer thermal low pressure

In July and August a surface low-pressure area develops over the region

centered in southwest Arizona. This is caused by the extreme desert heating
which produces rising currents of heated air. The low pressure develops a
pressure gradient which, in turn, causes winds to occur which have greater

speeds on the average than at any other season.

Great Basin high pressure

This is a surface high-pressure system centered over the Great Basin of

the western United States which is a frequently observed feature of the surface
chart in the winter season. It is largely responsible for the prevailing winds
over the area under study, being from a northerly quadrant in winter.

Fronts and storms

1. Occasionally during the winter, cold fronts moving southward from

Canada can reach as far south as the Colorado River delta, causing abnormally
low temperatures together with strong northerly winds.

2. Infrequently during the winter, a frontal wave develops southwest of the

California coast. The area under study is then northeast of the warm front band.
These fronts move easterly and northeasterly, bringing bad weather for as much
as 24 hours and sometimes flood-producing rains.

3. Most of the winter storms move in from the west and northwest accompanied

by occluded and cold fronts. These occur approximately every two weeks on the
average and produce relatively light rains, together with cooler weather.

4. Summer thunderstorms are mainly high-level types associated with the
thermal low over the desert area. The moisture for these storms is advected into
the area from either the Gulf of Mexico or the waters off lower California.
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5. The tropical cyclone season generally runs from late May through
November with September having the greatest frequency of storm occurrence.
In figure V-A-8, tracks are shown of tropical cyclones which have occurred in
the Baja California area during 1947 to 1961.3 Approximately four of these can
be said to have affected the waters of the northern portion of the Gulf of Baja
California. Although these storms are usually weak when they reach the area
under study, the general influx of moist tropical air can still cause intense rain-
fall and flooding over wide areas. The exceptionally rare storms that actually
reach the area move northward along the Gulf of California.

The data and interpretation herein have been compiled from the following
sources:

Joint United States-Mexico Desalting Study, No. 4.

Informes I y II Climatologfa, Oceanografia e Hidrologi'a del Noroeste
de Mexico, Com. Nal. de Energia Nuclear. Direccion del Reactor.

Grupo de Estudio Mexico-Estados Unidos, 0.1. E. A., Sria. de Recursos
Hidraulicos.

Regional Geology 4

The Gulf of California is located in a structural trough, about 100-miles
(160-km) wide by 800-miles (1, 300-km) long, extending from the Transverse
Ranges in southern California southeastward into Mexico. Figure V-A-9 illus-
trates the general geology of the area of study.

The trough is divided into two physiographic basins by the Colorado River
delta, which forms a natural barrier between the Salton trough to the northwest
and the Gulf of California trough to the southeast.

Deltaic deposits of the Colorado River, predominantly fine-grained alluvium
of Quaternary age, constitute the bulk of the exposed post-Cretaceous rocks
within the Gulf of California trough. Intermittent marine incursions into the delta
region have taken place at least since late Miocene-lower Pliocene time (10 to 14
million years ago), when the marine Imperial formation, 3, 000-feet (900-m)
thick, was deposited. Subsequent deposition consisted of intermittent and inter-
fingering deposits derived from alluvial fans, lakes, the Colorado River, and
occasional marine incursions from the Gulf of California. Within this area of
deltaic sediments is the Sonora Mesa, a portion of the Altar Desert.

3 Rosendal, H.: Mexican West Coast Tropical Cyclones, 1947-61, Weatherwise,
Oct. , 1963.

4The data and interpretations herein have been compiled from many published and
unplublished sources.
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Seismic refraction surveys have recorded 19,400 feet (5, 900 m) of sediments
in the Salton Sea trough, and 4, 650 feet (1, 420 m) of unconsolidated and 7, 200 feet
(2,200 m) of semiconsolidated sediments at a location 21 miles (34 km) south of
Punta Gorda, Mexico, in the Gulf of California trough.

The Gulf of California trough is intimately associated with the southern arm
of the San Andreas fault system (fig. V-A-9). It has been estimated that a strike-
slip displacement of up to 350 miles (563 km) has occurred along the San Andreas
fault. The San Andreas fault system is the locus of some of the most intense
seismic activity in the United States and Mexico.

A prominent fault trending southeast of Mexicali, Baja California, into the

Gulf of California, is generally considered to be a continuation of the San Jacinto
fault, a branch of the San Andreas fault system in California. It is considered to
be the most active branch of the San Andreas fault system in the delta regions.
Near the east side of the present delta, the fault splits (fig. V-A-9); one branch

enters the Gulf of California and the other, bearing a few degrees to the east,
passes through the Sonora Mesa. A strip of badlands up to 5 miles (8 km) in
width, extending from the mouth of the Colorado River southeastward, approxi-
mately 25 miles (40 km) along the shoreline, provides an excellent exposure of
the San Jacinto fault. In the reach of badlands in the vicinity of El Golfo de Santa
Clara, numerous southwest facing fault scarps 10 to 100 feet (3 to 30 m) in height
are well exposed.

To the east of the San Jacinto fault system lies the Imperial, Banning Mis-
sion Creek, and Algodones faults (fig. V-A-9). The Algodones fault (believed to
be a zone of paralleling faults) is the most easterly of the three faults and lies
near the poorly defined northeast border of the Gulf of California trough in the
Yuma area. This fault does not appear to cut the lower Yuma Mesa, late
Pleistocene terrace in Arizona and its apparent correlative uppermost terrace in

the Altar Desert in Sonora, Mexico. It is therefore presumed that because sur-
face evidence of faulting in these terrace areas has not been found, surficial
movement has not occurred along the Algodones fault zone since mid-Pleistocene
time. Recent seismic reflection work along the Algodones fault suggests that
the overall vertical displacement near Morelos Dam is approximately 500 feet
(152 m) and approximately 350 feet (107 m) of vertical displacement at a point
some distance to the southeast of the dam.

The Banning Mission Creek fault has recently been traced by a detailed
gravity survey from the Salton Sea to the U. S. -Mexican border in a study not
yet published. Gravity lows indicate it to be a zone of parallel faults. Although
there is no evidence of recent known surface deformation along its trace, it is
possible that some movement may have taken place in the past 200 years. A
projected continuation of this fault zone into the Altar Desert has been inferred
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from topographic features. This extension and other inferred traces of the fault
are intended to show their approximate location. There appear to be sufficient

topographic features in the Altar Desert area to warrant this interpretation.

The Imperial fault, marked by a line of displacement (1940 earthquake) ex-
tending over a distance of 40 miles (64 km), showed a right-lateral displacement,
with a maximum of nearly 20 feet (6 m) of horizontal movement near the U. S. -
Mexican border. The maximum vertical displacement along the fault was approxi-
mately 5 feet (1. 5 m). Considerable damage occurred in the Imperial Valley in

California and adjacent Mexico.

The San Jacinto fault zone paralleling the western edge of the Sonora Mesa
is the most active branch of the San Andreas fault system in the Colorado delta
area (fig. V-A-9). The San Jacinto fault appears to split near the mouth of the

Colorado River, with one branch entering the Gulf of California, a second
running parallel to the coast to Punta Gorda, and a third somewhat discontinuous
branch forming the eastern border of the badlands. This fault zone lines up with
a recent break that extends approximately 60 miles (97 km) southeastward from
Cerro Prieto across the lower delta into the Gulf of California. The December
1934 earthquake, centered near the Santa Clara slough, was probably associated
with ground displacement along this southern extension of the fault. Seismic and
geologic evidence indicates that the San Jacinto and Imperial fault zones are
active.

The faults (San Jacinto fault zone) along the beach in the badlands area are
inferred by ground-water phenomena along linear sand ridges. Individual faults
can be traced by the fresh water plants that grow along these sand ridges.

Seismic and geologic evidence for the Algodones and Banning Mission Creek
faults suggests that the tectonic activity is relatively less in northeastern Sonora
and that the possibility of faulting and earthquakes decreases eastwardly from the
San Jacinto and Imperial faults.

Any structures located along the Gulf of California coast between the mouth

of the Colorado River and Punta Gorda will be subjected to earthquake and fault
displacement hazards. Although geologic and seismic evidence suggests that the
tectonic activity decreases farther inland toward the Sonora Mesa, this does not
indicate that this area might not be subjected to secondary rupture generated by
movements along the San Jacinto or Imperial fault systems. It should be em-
phasized that much of the Sonora Mesa is covered by active dune sand, especially
the area west of and along the Sierra del Rosario; therefore, any surface evi-
dence of faulting in this sector may be hidden or destroyed.

Recent volcanic activity is present in the upper Gulf of California structural
trough. A volcanic crater approximately 30 miles (48 km) west of San Luis is
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the site of seven geothermal wells drilled by the Mexican Government, and the

massive Pinacate volcanic field is located in the Altar Desert approximately 59

miles (95 km) east of El Golfo de Santa Clara.

The Sonora Mesa is a part of the northwest Altar Desert in Sonora, Mexico,

which is a vast desert area of low relief, lying east of the delta and north of the

Gulf of California. The Sonora Mesa is considered to be the southern extension
of the Yuma Mesa in Arizona.

The Sonora Mesa rises 50 to 200 feet (15 to 60 m) above the delta. The

coastal badlands area, a strip along the Gulf of California coast, and exposed
adjacent mesa consist of poorly consolidated quaternary sediments (Pleistocene

deltaic deposits) which are largely of nonmarine origin. Most of the upper 200

feet (60 m) of the section consists of permeable, loose to semiconsolidated, fine

sand. Minor layers of fat clays give a bedded appearance to the sediments ex-

posed in the cliffs along the eastern edge of the badlands. At Punta Gorda, a

section exposed in the sea cliffs contains an unusually high percentage of fat

clay. Patches of coquina (firmly cemented aggregate of seashells) crop out

along fault scarps in sea cliffs as far as a half mile (0. 8 km) inland from the

coast in some areas of the badlands and extend as much as 50 to 100 feet (15 to

30 m) above the Gulf of California. Limy siltstone concretions are present in

some areas.

The Sonora Mesa east and northeast of the badlands is covered in some

areas by active dune sand. Large active areas of sand dunes are found on the

eastern edge of the Sonora Mesa and west of the Sierra del Rosario. Problems

can be expected from the active dune sand during construction and operation of

the structures in this project.

Ground water should not be encountered during construction except in the

badlands reach along the Gulf of California coast and possibly where structure

excavations cross faults which may be ground-water barriers. Such barriers

may elevate the ground water within the limits of foundation excavation. There

is evidence that faults act as ground-water barriers in the Yuma area.

The features for the schemes being considered for this project are located

as follows:

Scheme I: Desalting Plant Near Gulf of California Coast

Study I-A and I-B: highline route

The intake pumping plant is on the badlands on the Gulf of California coast

near Rincon del Burro and the desalting plant and conveyance system are inland

on the Sonora Mesa.
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Study I-C and I-D: beachside route

The intake pumping plant is near El Golfo de Santa Clara, the relift pumping
plant is approximately 10 miles (16 km) northwest of El Golfo de Santa Clara.
Both are located on the badlands. The desalting plant is located on the Sonora
Mesa north of the relift pumping plant. Approximately 12 miles (19 km) of the
conveyance system is located on the badlands and the remainder is located on
the Sonora Mesa.

Scheme II: Desalting Plant Near San Luis

Study II-A and II-B: highline and beachside routes

The pumping plant locations and conveyance system alinements are the same
as those given in scheme I. The desalting plant is located east of San Luis on the
U. S. -Mexican border on the Sonora Mesa.

Scheme III: Desalting Plant Near Riito

The plant located in Riito would be situated some 28 miles (45 km) northwest
of the proposed northern Santa Clara site, very close to the Sonora-Baja
California railroad line and near the station at Riito. This plant is also located
approximately 28 miles (45 km) south of San Luis Rio Colorado and the plant site
is connected by highway to San Luis. Routing of sea water, product water, and
brine are shown in figure V-A-1.

Site Geology

The pumping plants and intake structure sites for studies I-A through I-D
and II-A and II-B will be located on the coastal badlands. The badlands are cut
by numerous fault scarps ranging from a few to 100 or more feet (30 m) above
the Gulf of California. These fault scarps are the result of movement along the
San Jacinto fault system which enters the Gulf of California area near the mouth
of the Colorado River and parallels the Gulf of California coast area to the south
along the Gulf of California. The San Jacinto fault system is considered to be
one of the most active faults in the Colorado River delta area. Horizontal and
vertical displacement has occurred along the San Jacinto fault zone, with most
of the displacement being horizontal right-lateral movement.

Highline Route Intake Pumping Plant Site

The highline route pumping plant site is located on a broad marine terrace
approximately 13 miles (20 km) southeast of Santa Clara, just north of a prom-
inent cusp known as Rincon del Burro. The terrace is relatively flat, though
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small alluvial fans are present around its edge. It is dissected by two arroyos
grading to sea level. The terrace is bounded on the east by a dissected scarp
cut by several lime-cemented faults. These faults are truncated by the older
mesa surface and, therefore, are presumed to be older than the terrace, which
is thought to be late Pleistocene. The dissected scarp is considered to be an
eroded fault scarp produced by uplift along several prominent faults exposed in
arroyos north of the low marine terrace. A linear dune of the type thought to
represent a fault trace lies along the beach west of the terrace. Cliffs about

75-feet (23-m) high border the badlands to the northeast and east.

The intake pumping plant site is located in an area that appears to be ade-

quate from existing knowledge of the geology. In the future, however, when sub-
surface investigations are carried out, it may be necessary to move the pumping
plant inland to the northeast beyond the influence of the San Jacinto and Imperial
fault systems. This would involve an extension of the intake system from the

Gulf of California to the pumping plant.

The pumping plant and intake structure located on the immediate Gulf of

California coast will be under the influence of hazardous earthquakes and
faulting.

Excavation for the pumping plant will be in soft, fine sand with minor beds

of clay. Some ripping may be required in cemented fault zones. Thin deposits
of beach gravel may be encountered below the marine terrace. Dewatering and
cribbing will be required below the water table.

It is recommended that a pile foundation be considered for this plant.

Highline Route Conveyance System

The highline route conveyance alinement lies entirely in the Altar Desert

area. The location of the conveyance system, as far as can be determined, will
be between the active San Jacinto-Imperial fault zones and the relatively inactive
Algodones-Banning Mission Creek fault zones. Much of this area is covered with

dune sand, which is presumed to be underlain by fluviodeltaic sediments of the
Colorado River. These sediments consist predominantly of fine sand with inter-
beds of clay. It is anticipated that none of this material will require blasting, but
some ripping may be required where the conveyance crosses cemented fault

zones and in areas of caliche deposits.

No ground water is anticipated during the excavation of the conveyance system.
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Beachside Route Intake and Relift Pumping Plant Sites

The beachside route intake and relift pumping plant sites are located in the
coastal badlands approximately 2 miles (3. 2 km) south of Santa Clara and 10
miles (16 km) northwest, respectively, on a narrow marine terrace. The coastal
badlands, dissected by the San Jacinto fault zone, are cut by numerous southwest-
facing fault scarps ranging from 10 to 100 feet (3 to 30 m) in height. It is ex-
tremely doubtful that a site for either pumping plant can be found in this reach of

the badlands area that would be free from faults. Since this area is subject to
severe earthquakes, it is likely that fault movement could occur in this area dur-
ing the life of the plants. No advantage would be gained by shifting the pumping
plant locations along the reach of the canal as the canal parallels these faults.
An abrupt rise in ground elevation along the beach to approximately 500 feet (150
m) to the northeast eliminates the possibility of moving the pumping plants
farther inland.

Excavation for the beachside pumping plant and relift pumping plant will be
in deltaic material consisting of fine sands with minor beds of clay which should
not require blasting. Dewatering and cribbing will be required below the water

table.

Piles are recommended for the foundations of the intake and relift pumping

plants.

Beachside Route Conveyance System

The beachside route conveyance will, for the first 12 to 15 miles (19 to 24
km), be located in the coastal badlands and will parallel or subparallel the faults

of the San Jacinto system. As stated, the San Jacinto fault system is one of the
most active in the delta area, and earthquakes and faulting can be expected in this
area. Any movement in or near the area of the canal alinement could affect or
destroy a fairly long reach of the canal.

The canal excavation will be below ground-water level. Faults in some
areas may act as a barrier to the ground water, which would aggravate dewater-
ing problems.

The alinement of the beachside canal on the Sonora Mesa will be within the
influence of the San Jacinto and Imperial fault zones for the first few miles. The
Imperial fault zone, located to the east of the San Jacinto fault zone, is also con-
sidered to be active, and earthquakes and surface displacement can be expected
along this zone. Beyond these fault zones the canal will be on the flat Sonora
Mesa and in an area which is believed to be free from faulting in recent times
(past 200 years), except possibly along the Banning Mission Creek fault.
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Excavation for the conveyance system on the Sonora Mesa will be in deltaic
sediments of fine sand with minor clay beds. Some gravel and possibly some
caliche deposits can be expected. It is anticipated that blasting will not be re-
quired in excavating any of the material, but ripping may be required where the
canal crosses fault planes and caliche zones.

The ground-water level is expected to be lower than the canal invert on the

Sonora Mesa.

Desalting Plant Sites

The desalting plant sites for the highline and beachside routes near Santa
Clara and the site east of San Luis on the U. S. -Mexican border are all located

on the Altar Desert northeast of the San Jacinto and Imperial fault zones and in-
land from the Gulf of California coast in an area presumed to be relatively free
from faulting.

Although the proposed desalting plant site selected for each route is sup-

posedly outside the immediate influence of the active San Jacinto and Imperial
fault zones, detailed seismic and geologic explorations will be required before
the final selection of the site can be made.

Because the areas considered for the desalting plant sites are covered with

dune sand, it is difficult to determine from a cursory surface examination if these
sites are free of faults. Fault-free areas (blocks) in the Sonora Mesa may rea-

sonably be expected, but the present studies are not sufficient to determine the
tectonic framework of this area.

Although there is geologic and seismic evidence of decreased recent tec-

tonic activity in the direction northeast from the San Jacinto and Imperial fault
zones, the construction of a nuclear plant anywhere in the Sonora Mesa will re-

quire very careful foundation investigation and a critical analysis of the potential
earthquake damage.

Foundation material for the desalting plant at any one of the three sites will
be fluviodeltaic sediments of the Colorado River, predominantly fine sand with
minor interbeds of clay. No ground-water problems are anticipated.

Santa Clara Site

For the Santa Clara site, a reconnaissance geological study was performed
over a surface area of the order of 400 square miles (1, 000 km2) as shown in
figure V-A-10.

V-A-37



67 11500' 71

U. S. A.

- MEXICALI
++ +++++

N0 NO
NO. 0.e

62 63 NO.1

75

I ~ 1 ,-+.+- t I I-

41 1

000

0.1 RIITO

Ko~b

Iq

z
.2/

67 115 00' 71

'1

U. S. A.

NS.+1

78
33 00'

LN

EL DOCTOR

36 2

35 8

32 00'

N5..4

GOLFO DE

PUNTA MACHORRO SANTA 35 0

EL TORN ILLA CLARA

F DE C114N00'
GOLFO DE CALIFORNIA

75

E SCA LA 1:1, 000, 000

78 34 7

JOINT UNITED STATES-MEXICO-IAEA DESALTING STUDY
DUAL PURPOSE DESALTING PLANT

Location map. Region of El Golfo de Santa Clara, Son.

CNEN DECTRO NNUCLEAR DE ECTOEXICO

Figure V-A-10

V-A-38

33,0062 63

3200'

UNITED STATES
OF AMERICAJ'

GULF OF
. e MEXICO

PACIFIC
OCEAN

-
++ a

Il



A geological survey and a geophysical study were performed in this area.
The geophysical study consisted of several magnetic and gravimetric survey
lines totaling 40 miles, refraction seismology survey lines totaling 16 miles,
and a 16-mile gravimetric survey along the Sonora-Baja California railroad.
Based on the results of the data obtained from this study, a tentative location
for this site is shown in figure V-A-1. Thoroughly detailed geologic and geo-
physical studies will be required before a final site location can be made.

Oceanography

The desalination plant intakes are located at the northern end of the Gulf of
California near El Golfo de Santa Clara (fig. V-A-1). Intake lines extend several
thousand feet from the shore line and are terminated at an intake structure which
is designed to deter the inflow of fish. Oceanographic data were obtained pri-
marily from reports furnished by Mexico. Additional research on oceanography
should be undertaken in the next phase of the study.

The Gulf of California 5 is a basin with tremendous evaporation over 8. 2 feet
in dams (2. 5 m), 6 which is connected to the south with the Pacific Ocean and
which is surrounded on the east and west by arid lands. The Colorado River
flows into the Gulf of California from a northerly direction. An almost contin-
uous mountain chain 3, 280 to 9, 840 feet (1 to 3 km) high in lower California con-
siderably reduces the effect of the ocean on the Gulf of California climate and
produces a more continental climate in the Gulf of California zone. The majority
of the marine basins in the Gulf of California are deep, and are connected with
the Pacific Ocean.

Tides and Sea Level

At the mouth of the Colorado River, the tides during the spring are almost

33 feet (10 m), with averages of 23 feet (7 m), and the neap tides vary around
6. 6 feet (2 m). The tide enters the bed of the Colorado River, forming almost

vertical walls up to 4. 9 to 9. 8 feet (1. 5 to 3. 0 m) high, which gradually subside
until a new front appears almost 12 hours later.

The time difference between the entry of the high tide into the Gulf of Cali-
fornia and in the vicinity of the Colorado River is approximately 5. 5 hours, and
for the low tide the difference is 6 hours. Therefore, when the tide is low at the

5The following data were taken largely from "Climatologia, Oceanografia e
Hidrologia del Noroeste de Mexico, Direcci 6n del Reactor Centro Nuclear de
Mexico. Comision Nacional de Energia Nuclear, Mexico, D. F. , 14 pp., 10
figs. , Febrero 1966.

6 Grupo de Estudio Organismo Internacional de Energia At6mica Mexico-Estados
Unidos de America-Secretaria de Recursos Hidraulicos, 66 pp. , maps, 1966.
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entrance to the Gulf of California, high tide is occurring in the vicinity of the

Colorado River. Whether or not the wave is progressive or stationary and

whether or not there is a horizontal transport of water is unknown.

Tide currents near the Colorado River are strong, possibly up to 9. 8 feet

per sec (3 m/sec) at full moon and occasionally cause rather heavy breakers.
Strong tide currents are also anticipated in narrow passages which connect the

half-enclosed lakes with the Gulf of California.

Surface Currents

No direct measurements of the currents in the interior of the Gulf of Cali-
fornia have been made. Based on information from boats in the area, the cur-
rents predominantly run from southeast to northwest in the winter and spring;
from northeast to southwest in the summer and autumn.

Currents produced by the tides predominate in the northern end of the Gulf
of California. These currents reach speeds of 3.3 to 9. 8 feet per sec (1 to 3

m/sec) and are frequently accompanied by breaker effects. On the basis of hy-

drodynamic calculations, the speed of rise of the surface layers (up-welling)
along the east coast is about 10. 5 feet per day (3. 2 m/day).

Temperature and Salt Content

The temperature difference between the water in the Gulf of California and

in the Pacific Ocean is less than 10 C during February, but during the months of

April and August it increases to as much as 16* and 27 F (90 and 150 C), with the

greatest difference at the mouth of the Colorado River.

The available temperature, density, and salinity data nearest the mouth of

the Colorado River are those obtained at the Puerto Peiiasco station located ap-
proximately 93 miles (150 km) from the Colorado River delta. Table V-A-4

shows the figures for the months of October through December 1964 and January
through September 1965.

The salinity figures in the northern part of the Gulf of California vary be-
tween 35 and 37 g/1 which means they are 1 to 3 g/1 more than at comparable

latitudes outside the Gulf of California. Salinity figures in excess of 36 g/1 are
generally found in half-enclosed and rather shallow bays in the northern region.

Vertical Temperature, Salinity, and Dissolved Oxygen Distribution

The region between the Colorado River and the Island of Tibur6n is charac-
terized by great seasonal and annual changes in temperatures and salinity within
a range of 490 feet (150 m) from the water surface. The water is almost iso-

thermic in the shallow basins to the north during winter. The temperature
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Table V-A-4. -Temperature, Density, and Salinity Data Obtained
at the Puerto Peijasco Station

Temperature, 0 C
Month Density, Salinity,

Average Max. Min. g/c g/1

1964

October 26.5 28.4 24.5 1.0269 36.2

November 21.2 24.8 18.2 1.0272 36.6

December 16.0 23.2 15.0 1.0268 36.0

1965

January 15.5 16.8 14.0 -- --

February 15.6 16.5 14.5 1.0269 36.2

March 16.9 20.0 14.5 1.0269 36.2

April 20.1 24.0 16.5 1.0269 36.2

May 24.0 25.0 23.0 1.0272 36.2

June 25.1 26.0 23.5 1.0272 36.6

July 28.9 31.5 27.0 1.0263 35.3
August 31.3 32.5 30.5 1.0275 37.0

September 29.4 31.5 26.5 1.0273 36.7

difference between the surface and a 490-foot (150-m) depth is of the order of
250 F (140 C) during the end of summer. The salinity tends to be greater along

lower California during the spring while in summer greater salinity figures are

encountered in the more central portion of the Gulf of California.

The quantity of dissolved oxygen on the surface decreases from almost 5. 5

ml/1 in April to 4. 5 ml/1 in August, primarily because of the temperature

increase.
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Water Samples

Twelve 1-gallon water samples were collected from the Gulf of California

during the morning of October 12, 1966. Sampling point locations are shown on

figure V-A-1. Also shown is the approximate location of the change in turbidity
observed.

Low tide occurred at 6:25 a. m. on October 12, 1966, and high tide at

12:40 p. m. The approximate difference in elevation between the tides was 16
feet (4.9 m).

Table V-A-5 shows water sample collection data.

The result of sample examinations is shown in table V-A-6. The percent-

ages given are not quantitative determinations but estimates based mainly on

Table V-A-5. -Sample Collection Data

El Golfo de Santa Clara site
(flood tide)

Sample Time of Distance Depth of water Depth to

no. sampling, from shore at sampling point sampling point

am ft m ft m ft m

1 7:30 3,000 914 25 7.6 22 6.7
2 7:30 3,000 914 25 7.6 12.5 3.8
3 7:30 3,000 914 25 7.6 Surface Surface
4 7:50 4,000 1,219 26 7.9 22.5 6.9
5 7:50 4,000 1,219 26 7.9 13 4.0
6 7:50 4,000 1,219 26 7.9 Surface Surface

Rincon del Burro site

(flood tide)

7 10:00 3,000 914 25 7.6 22 6.7
8 10:00 3,000 914 25 7.6 12.5 3.8
9 10:00 3,000 914 25 7.6 Surface Surface

10 10:20 4,000 1,219 56 17.1 49 14.9
11 10:20 4,ooo 1,219 56 17.1 28 8.5
12 10:20 4,000 1,219 56 17.1 Surface Surface
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Table V-A- 6. -Estimated Mineralogical Composition of Water Sediments

MineralApproximate 
percent present in each sample

No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No. 9 No. 10 No. 11 No. 12

Quartz ............... 30 15 20 15 15 10 15 18 12 20 20 15

Feldspars ........... 20 5 5 5 3 5 10 12 6 15 15 10

Calcite .............. 5 10 10 10 13 12 15 12 12 15 10 10

Dolomite ............. 3 5 5 5 5 4 5 3 6 8 3 2

Aragonitea .......... 20 0 0 3 2 3 1 1 1 2 3 3

Montmorillonite ... 10 30 25 30 30 25 10 20 10 10 10 10

Illite-micas ....... Trace 5 5 5 5 20 15 5 15 10 5 10

Kaolinite .......... Trace 5 5 5 5 5 5 5 5 5 5 5

Opalb...............Trace Trace Trace Trace Trace Trace Minor Minor Minor Trace Trace Trace

Sodium chloride0... 0 7 20 12 12 10 15 8 25 5 10 20

Miscellaneous ...... Balance Balance Balance Balance Balance Balance Balance Balance Balance Balance Balance Balance

aPresent as shells and shell fragments of various marine species.

As skeletal remains of marine micro-organisms.

cNot actually sediment--washed from filter disk along with sediment and crystallized during drying.



X-ray diffraction charts and, to some degree, on microscopic examination. In
general, the samples have much in common, except sample no. 1. Mineralogical

composition consists of silt and clay with a maximum particle size of around 50

microns. All samples contained quartz and feldspar grains; the carbonate min-

erals, calcite and dolomite; mixed clay minerals; and traces or small percent-

ages of opaline skeletal remains of various marine creatures, including diatoms,
various protozoa, and sponges. Other minerals are present in amounts too

small to estimate readily. Sample no. 1 differs in that it contains a large num-
ber of shells and shell fragments up to 6 millimeters across and sand grains up
to 0.4 millimeter diameter. Most of the samples contain sodium chloride (and,
presumably, the other sea salts as well) as a result of the filter not being washed
free of sea water. All the samples also contain an appreciable amount of fibers

of various kinds at least some of which are contaminants, but some may have

been present in the original water.

The clay minerals are mixtures of montmorillonite, illite, and kaolinite.
The montmorillonite appears to be either barely crystalline or of colloidal par-

ticle size judging by the broadness of the X-ray diffraction peaks. The illite
appears mixed with fine, altered, mica flakes. All the clays were in a highly
flocculated state because of the high salinity of the sediment.

The chemical analyses are tabulated in tables V-A-7 and V-A-7a. The or-
ganic matter was determined by the loss in weight of the evaporation residue
after gentle ignition. Complete analyses were performed on only those samples
taken at the midpoint elevations.

Table V-A-8 lists the results of particle-size analyses on selected samples

by the bottom-withdrawal method. The test method is given in report no. 7
entitled "Study of New Methods for Size Analysis of Suspended Samples," pub-
lished at the St. Paul U. S. Engineer District Sub-Office Hydraulic Laboratory,
University of Iowa, Iowa City, Iowa, June 1943. Four of the six samples
selected were taken at median elevations considered to be nearest the proposed
location of the plant intake structure. Suspended sediment tested was generally
below the 200 or 300 ppm minimum limit considered practicable for this type of
test for best accuracy of results, and, the time between sampling and testing
was somewhat longer than usually recommended for this type of test; therefore,
the test results should be considered as approximate.

Communications

There is a deep-water port with limited docking facilities at Guaymas,

Mexico.
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Table V-A-7. -Joint United States/Mexico/IAEA Desalting Plant Siting
(Chemical Analyses-October 1966)

Study-Gulf of California

Field sample no............
Laboratory no ...............
Location....................

Tidal conditions............
Date and time sampled.......

Distance from shore........
Depth of water.............

Depth to sampling point.....
Specific gravity............
Bc X 106 at 250C............
pH..........................
Total suspended solids, ppm.
TDS at 180 C................
Calcium, ppm................
Magnesium, ppm..............
Sodium, ppm...............
Potassium, ppm..............

Carbonate, ppm.............
Bicarbonate, ppm............
Sulfate, ppm..............
Chloride, ppm...............
Nitrate, ppm..............
Organic matter, ppm........
Soluble silica, ppm........

C1

1
C2738
El Golfo de Santa

Clara
Returning
10-12-66
7:30 am
3,000 ft
25 ft
22 ft

47,062
7.8
3,290

0.0
146

3
C2740

10-12-66
7:30 am
3,000 ft
25 ft
Surface

45,967
7.9
76

0.0
149

2
C2739

10-12-66
7:30 am
3,000 ft
25 ft
12.5 ft
1.0285
46,293
8.1
112
38,243
826
1,181
10,954
441
0.0
144
3,001
20,433
6.0
2,462
Trace

4
C2741

10-12-66
7:50 am
4,000 ft
26 ft
22.5 ft

48,210
8.1
104

0.0
145

6
C2743

10-12-66
7:50 am
4,000 ft
26 ft
Surface

45,967
8.0
37

0.0
140

5
C2742

10-12-66
7:50 am
4,000 ft
26 ft
13 ft
1.0286
46,293
8.0
71
38,,487
908
1,106
11,180
426
0.0
142
2,930
20,915
6.0
2,340
Trace

L L I



Table V-A-7a. -Joint United States/Mexico/IAEA Desalting Plant Siting Study-Gulf of California
(Chemical Analyses-October 1966)

Field sample no..............
Laboratory no .................
Location......................
Tidal conditions.............
Date and time sampled.........
Distance from shore ...........
Depth of water...............
Depth to sampling point......
Specifi gravity..............
Ec X 10 at 250C..............
pH............................
Total suspended solids, ppm...
TDS at 1800C.................
Calcium, ppm.................
Magnesium, ppm................
Sodium, ppm...................
Potassium, ppm...............
Carbonate, ppm..............
Bicarbonate, ppm..............
Sulfate, ppm................
Chloride, ppm...............
Nitrate, ppm................
Organic matter, ppm..........
Soluble silica...............

7
02744
Rincon Del
Coming in
10-12-66
3,000 ft
25 ft
22 ft

45,967
8.0
31

0.0
146

Burro

9
02746

10-12-66
3,000 ft
25 ft
Surface

45,335
7.9
23

0.0
146

8
02745

10-12-66
3,000 ft
25 ft
12.5 ft
1.0280
46,293
8.1
30
37,021
803
1,100
10,962
395
0.0
140
2,932
20,166
6.0
2,450
Trace

10
C2747

10-12-66
4,000 f t
56 ft
49 ft

45,967
8.3
91

0.0
146

12
C2749

10-12-66
4,000 ft
56 ft
Surface

44,923
8.1
19

0.0
142

11
C2748

10-12-66
4,000 ft
56 ft
28 ft
1.0280
46,293
8.2
36
37,204
761
1,138
10,040
396
0.0
138
2,801
20,097
6.0
2,657
Trace



Table V-A-8. -Particle-Size Analysis by Bottom-Withdrawal Method

Soils Field Percent finer than size in mm

lab sample

no. no. 0.125 0.0625 0.0312 0.0156 0.0078 0.0039

46U-4 2 100.0 99.8 97.5 90.6 83.3 72.2
46u-5 4 96.0 93.5 85.5 70.0 46.0 21.8
46u-6 5 100.0 97.5 85.3 75.8 74.8 74.2
46u-7 8 95.0 92.0 85.8 71.3 64.8 52.9
46U-8 10 92.0 90.0 86.0 76.8 70.0 52.3
46u-9 11 97.0 95.0 92.0 85.0 81.5 80.8

The Sonora- Baja California Railroad that extends from Mexicali to Benjamin
Hill (where it makes connection with the Pacific Railroad) traverses the project
area. The tracks are 120-pound rails set on slag-ballast ties. A spur and siding
from this railroad to the desalting plant have been provided for the desalting plant
located at El Golfo de Santa Clara.

Paved roads go from Mexicali to several towns in the area: one goes to the
coast at San Felipe, 122 miles (196 km) to the south; another one goes to San
Luis Rio Colorado and Algodones, some 41 miles (66 km) to the east. Another
road connects San Luis Rio Colorado with Riito and from this last town to El
Faro, on the Mexicali-San Felipe road (fig. V-A-1).

Construction and maintenance roads from existing roads are included in the
construction costs.

Hydrology

The area under study may be divided into two zones: The Baja-Californian
and Sonoran zones.

The Baja-Californian zone is integrated by the lower Colorado River Basin

by the Laguna Salada basin and by short numerous arroyos of scanty, intermittent

waters which often disappear into the sand beaches.

The main Colorado River traverses the United States along 1, 578 miles
(2, 540 km); a stretch of 19 miles (30 km) is used as the international limit be-

tween Mexico and the United States; and 99 miles (160 km) are within Mexican

territory.
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The total area of the Colorado River watershed amounts to 243, 000 square
miles (630, 000 km2 ), of which only 1, 930 square miles (5, 000 km2 ) (contributing
with negligible volumes to the runoff) are south of the international line. A

negligible portion of the runoff comes from the Mexican watershed.

Intermittent vagrant streams, which often infiltrate their waters into the

sands, traverse the Sonoran zone; very rarely do the waters of the streams
reach the sea.

Two groups of streams may be considered from the limit of the Colorado
River basin to the Sonora River. The first group is formed by the Pinacate,
Sonoita, and Sierra Prieta River basins with a total area of 5, 500 square miles

(14,300 km2 ) of arid land. The courses of these streams are not permanent and

their vagrant runoff infiltrates into the sands. Average annual runoff is approxi-
mately 111 million m3 .

The Concepcion River (also named Rio Asuncion) is within this group and its
catchment area is some 25, 895 km2 in extension. Its average annual runoff
amounts to 255 million m3 , which almost always disappears in the sand flats be-

fore reaching the sea.

The second group of streams is formed mainly by the Tepoca, San Ignacio,
and Seri Rivers, the total catchment area being approximately 8, 942 km2 . The
main stream is the San Ignacio River with an average annual runoff of 28 million
i 3 . The scanty precipitation makes the stream vagrant in its lower course.

Another important stream in this group is the Vacavachi River with an ap-

proximate catchment area of 9, 094 km2 . Its upper and middle course is easily
identified, but its inferior course is lost as the waters are infiltrated in the
sand fields. Its average annual runoff is about 75 million m3.

The southernmost stream in the area is the Sonora River with a catchment
area of 21,324 km2 . Its stream is recognizable up to Hermosillo, from there on
the waters are infiltrated in the sand fields. The average annual runoff is of the
order of 212 million m3.

It is clearly seen from table V-A-9 that the hydrologic resources (surface
and underground) of the region under study are very limited.

Land and Water Use

Cultivated fields in the Sonoran region are limited to areas in the vicinity of
the main streams like the Sonoita, Altar, Magdalena, and Sonora. Irrigated
areas cannot be increased because of unreliability of precipitation and runoff.
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Table V-A-9. -Hydrologic Resources of the Region of Northern
Gulf of California
(Annual Volumes)

Catchment Surface Ground

area, k2 runoff, water,
million m million m3

Baja Californian zone

Rio Colorado ............. .. 5,000 a1,8 50  1,055

Cuenca Laguna Salada..... i4,400 20 100

Senoran zone

Group 1

Pinacate, Sonoita, and

Sierra Prista Rivers. 14,300 116 120

Concepcion River....... 25,895 255 150

Group 2

Tepoca, San Ignacio and

Seri streams......... 8,940 80 190

Bacavachi River........ 9,090 75 150

Sonora River........... 21,320 210 570

aAccording to U.S.-Mexican agreement.

There are two irrigation districts in the area, the Altar River and the Costa

de Hermosillo, where some 3, 000 and 126, 000 hectares, respectively, are irri-
gated using surface and ground water. There is another irrigation area at
Caborca.

Some 137 million m3 of surface water were used in this region during the

1963 to 1964 season. About 117 million m3 of this volume were used to irrigate
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(by gravity) 13, 000 hectares in the Costa de Hermosillo; the rest of the water
was used in the Caborca-Altar district.

Some 1, 728 million m3 of ground water were used during the 1963 to 1964

season. Of these, 1,137 million m3 were used to irrigate 126, 650 hectares at
the Costa de Hermosillo and the rest was destined to the Caborca-Altar district.

As a result of overpumping, ground-water levels have gone down in the
area; consequently, pumping has been reduced to prevent sea-water invasion.
The maximum volume of ground water that can be extracted without risk of
overexploitation of the aquifers is estimated to be 570 million m3.

Increasing water demands for irrigation cannot be met unless new water
sources are available in the future.

Baja California and San Luis Area

This is the valley of Mexicali and San Luis Rio Colorado where the terrain
is relatively flat and of alluvial origin. The soil in the plain is very deep and of
a light texture.

Agricultural land in the valley covers 345, 000 hectares, comprising the
San Luis and Colorado irrigation districts. The area is limited to the west by
the Cucapas Range, to the east by the San Luis Mesa, and to the south by an
east-west line crossing near the Pescadores confluence with the Colorado River.

During the 1964 to 1965 season, a volume of 1, 834 million m3 was used from
the waters of the Colorado River and was supplemented by an additional ground-
water volume of 738 million m 3 .

Since surface-water volumes from the Colorado River flowing to Mexico
have been used to the maximum, ground-water wells have been opened since 1957
with increasing risk of salt intrusion as extraction volumes are augmented.

There are no aquifers of importance and there is no cultivatable land in the
Baja Californian zone outside of the Mexicali Valley.

Ecology

Predominant Species

Species of tropical and temperate regions are found in the Gulf of California
area. The wide annual temperature range acts, however, as a limiting factor in
the number of species. Winter temperatures are not adequate for tropical species
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whereas during the summer the waters are too warm for cold-water species.
The flora and fauna in the area show a mixture of tropical (panamic) and tem-
perate water (Californiensis) elements.

Tropical panamic fauna is predominant in the area as shown by the following:
Echinoderms: such as the sea cucumber (holothurian), starfishes and

sea urchins which are predominantly panamic.
Polychaetes: with predominant panamic influence.
Crustaceans: branchiura and cirripedia.
Mollusca: gastropoda, amphineura with marked panamic influences in

more than 50 percent of the species.

The sponges are the only different group. They are linked to the California
fauna and have no similarity with panamic fauna.

The prevailing panamic fauna in the Gulf of California shall be more pre-
pared to resist any changes leading to a relatively more tropicalized environment.

Sea temperature is therefore the main factor for the distribution of organ-
isms. In this context it is easy to explain some biogeographic peculiarities of
the Gulf of California. The central region of the Gulf of California or the island
region is characterized by low water temperature. Species that are character-
istic of the west coast of the peninsula are abundant in this area, the California
(or blue) sardine (sardinops caerulea) being one notable example. It can be as-

sumed that they can resist a certain degree of environmental change (salinity and
temperature) because of the peculiarities of the fauna in the northern portion of
the Gulf of California.

Brine water from the desalting plant will affect those communities pertaining
to neritic and eulittoral provinces. Associates of larvic forms of different taxo-
nomic groups shall represent the first case. Mollusca, crustaceans, and fishes
shall prevail in the second group.

Changes in abundance and composition of these associations shall be adequate
useful ecological indicators to establish any influence of the brine water on or-
ganisms living in the vicinity of the discharge area.

In general, the northern portion of the Gulf of California remains underex-
ploited. In their early stages of growth, many fish species seek refuge in the
neritic provinces and eulittoral zone (bays, estuaries, and coastal lagoons).

Climatological and oceanographic factors are such that a great biological
productivity is observed in the Gulf of California as well as a certain degree of

adaptability of the species to sudden changes in the environmental factors.
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Strong tidal currents contribute to uninterrupted renewal of fertilizers.

Temperature and Salinity Variations

Temperature and salinity are the main environmental factors for marine

life. An increase in the temperature of the water is much better resisted by

tropical species. Gradual changes in water temperature are better resisted than

sudden variations. Small changes in salinity are unimportant. Moderate to

large variations in salinity reduce the capacity of reproduction and growth. Ex-

treme changes in salinity produce shock reactions, marked metabolic disturb-

ances, and an increase in mortality. Solubility of oxygen and carbon dioxide,
which are the most important gases for marine life, decreases with increasing

salinity.

Capacity for tolerance, regulation, and adaptation is more restricted in
oceanic forms than in those living in brakish or hypersaline waters.

The Catch

The total catch averaged 3, 225 metric tons during the past years. The bulk

of the harvest consists of shrimp, totoaba and corvina, California sardine, dol-
phins, and sharks.

Effects of Brine Blowdown to Marine Life

Brine water from the desalting plant shall affect those communities living in
neritic and eulittoral waters in the vicinity of the point of discharge. Such com-
munities are naturally exposed and adapted to variations in temperature and
salinity of shallow waters. Species of adult fishes and other swimming organisms
can swim away from the brine waters. Sedentary organisms, larvae, and plank-
tonic forms will have little opportunity to survive when subjected to extreme
changes of temperature and salinity at the point of discharge of the effluent.

If the conditions of discharge of the effluent from the desalting plant are
salinity 40, 000 ppm and temperature of brine water 390 C, the effects on marine
life in the area of discharge shall be negligible. However, if the values should
have to be increased to 70, 000 ppm and 390 C, eulittoral and neritic biological
communities would be seriously affected. Tidal currents, however, would favor
the dilution of brine waters.
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Analysis of Civil Works-Santa Clara and San Luis Sites

Sea-Water Intake Systems

Sea water enters the intake pumping plant for both the highline and beachside
routes through three reinforced concrete conduits buried below the ocean floor.
The intake structure is located approximately 3, 850 feet (1, 173 m) from the
shore for the highline route and 5, 000 feet (1, 524 m) for the beachside route.
The intake structure is of reinforced concrete, and the top of the structure is at
sufficient depth, 15 feet (4. 6 m) below minimum water surface, to allow normal
ship movement without special precautions. Provisions are included to prevent
marine fouling of the intake.

Marine fouling in the intake structure and intake pipes can almost be en-
tirely eliminated by use of a copper alloy lining which produces a biocidal effect
by the release of copper ions. Arsenical admiralty 30, which is composed of
70-percent copper, 1-percent tin, 29-percent zinc, and 0. 04-percent arsenic,
appears to be the best alloy for this purpose7 and was chosen as the material of
construction for lining the intake structure and the initial 400 feet (122 m) of the
intake lines. The corrosion rate for admiralty 30, 9. 2 milligrams per square
decimenter per day, is considered to be low. Chlorination, introduced at the
intake structure, will be required for protection of the remainder of the sea-
water intake system and adequate mixing of the chlorine and sea water will
occur within the length of the metal lining. Chlorination by established methods
is satisfactory for preventing marine life growth in sea water.

Initially, chlorine will be injected only at the intake structure. However,
additional chlorination stations along the conveyance system may be required.
This will be determined from experience obtained during operation.

Each conduit is provided with a surge reservoir at the intake pumping plant.
In the event of a power outage at the pumping plant, the return flow from the dis-
charge lines to the forebay plus the continued flow in the intake conduit would rise
into and be contained within these reservoirs. Siphon breakers are provided in
the pumping plant discharge lines at the siphon crest to break the siphon action
when the pumps are stopped.

To provide for inspection and maintenance of the intake lines, inflow through
each line may be blocked by use of stoplogs at the outlet end.

No provision has been made in the sea-water intake facilities for settling out
the suspended solids in the sea water for the desalting plant. An indication of the
quantity of suspended material is shown in the water-sample analysis.

?Bridgeport Brass and Copper Alloy Handbook, 1957, p. 147.
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Sea-Water Pumping Plants (See figs. V-A-11 and V-A-12)

The three sea-water pumping plants for the 1-bgd (3. 8 million m3 /day) de-
salting plant studies each contain six motor-driven units, each with a rated dis-

charge of 1, 083. 3 cfs (30. 7 m 3 /sec) and a maximum discharge (one unit out of serv-
ice) of 1,300 cfs (36.8 m 3 /sec). The total rated capacity of 6, 500 cfs (184 m3/
sec) was established for the study as the sum of the desalting plant requirements
plus an allowance for miscellaneous cooling water requirements throughout the
plant area. Canal seepage and evaporation losses are assumed negligible for
this study. All sea-water pumps will be of stainless steel construction.

Pump characteristics for each sea-water pumping plant are given in table
V-A-10. Motors are vertical, synchronous, air-water cooled, and equipped
with direct-connected exciters. Motor characteristics are also given in table
V-A-10.

The nameplate ratings of the motors correspond to the pump overload rat-
ings. Accordingly, the motors will be operating at considerably less than name-
plate rating for normal pumping operations.

It is anticipated that a relatively weak power system will be used to start up
the desalting plant; therefore, two units will have wound-rotor induction motors
for starting at each of the sea-water pumping plants.

A 14.4-kv isolated-phase bus will be provided to connect the motors to the

power transformers. Metal enclosed 14.4-ky, withdrawal-type switchgear as-
semblies, potential transformers and surge protective cubicles, neutral ground-
ing equipment, and excitation cubicles will be provided for each pumping unit
motor.

Two power transformers are provided at each sea-water pumping plant.
Each transformer has one self-cooled and two force-cooled ratings. Normal
operation will use both power transformers at the forced-air rating. However,
each transformer, at the forced-oil and forced-air rating, is capable of supply-
ing power for all six pumping units when operating at rated head.

Conventional station-service equipment will be provided at each pumping
plant.

The sea-water pumping plants are indoor-type plants consisting of reinforced
concrete substructures resting on battered prestressed concrete piles and super-
structures of structural-steel framework with reinforced brick masonry walls.
Each plant is provided with an overhead traveling crane for installation and gen-
eral servicing of the pumps.
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Table V-A-10. -Sea-Water Pump and Motor Characteristics

Pumps, 6 (each) Motors, 6 (each)

Rated Q Total head Max. Q (1 unit
Rated out of service) Rated

hp/unit rpm hp kv pf
cfs m3/sec ft m cfs m3/sec

Highline routes

Intake pumping plant

Santa Clara routes.. 1,083.3 30.7 169 51.5 31,000 1,300 36.8 200 32,500 13.2 1.0

San Luis route...... 1,083.3 30.7 192 58.5 34,000 1,300 36.8 225 35,000 13.2 1.0

Beachside routes

Intake pumping plant

Santa Clara routes
and San Luis
route..............1,083.3 30.7 54 16.5 10,000 1,300 36.8 138.5 10,000 13.2 1.0

Relift pumping plant

Santa Clara routes.. 1,083.3 30.7 121 36.9 21,000 1,300 36.8 138.5 22,500 13.2 1.0

San Luis route...... 1,083.3 30.7 110 33.5 19,100 1,300 36.8 138.5 20,000 13.2 1.0
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The machine shop at the desalting plant site will service all features in the

system. Therefore, machine shop facilities have not been incorporated into the

sea-water pumping plants.

Trashracks are provided at each plant to prevent large debris from entering
the pumps. Suitable transitions between the intake lines and trashracks for the
intake pumping plants and between the canal section and trashracks at the relift
pumping plant are provided. A gantry crane is also provided at each plant to
service the trashracks.

Intake pumping plant-highline route

The sea-water intake pumping plant for the highline route contains six motor-
driven, vertical-shaft, volute-case, adjustable-blade (Deriaz)-type, pumping
units which supply sea water to the desalting plant.

Rated head of the pumping units is based on a sump level (-17. 5 feet msl
(-5.3 m)) corresponding to ocean level at mean lower low water (-9. 8 feet msl
(-3. 0 m)). The adopted setting with the pump centerline at -29. 0 feet msl
(-8.8 m), in conjunction with the speed selection, provides self-priming under

extreme low-water conditions, best efficiency net positive suction head (npsh)
with ocean level at mean lower low water, and adequate npsh with ocean level at
the very infrequent lower low-water level and maximum pump discharge (one
unit out of service).

At maximum blade angle, five pumps can supply 100 percent of the design

flow, permitting maintenance on one pump at any time. Motors are sized to
provide the additional horsepower required under this condition. The very low
starting and pull-in torques obtainable with closed blades are favorable to
economic motor design.

Intake pumping plant-beachside route

The sea-water intake pumping plant for the beachside route contains six
motor-driven, adjustable-blade, mixed-flow vertical-column-type pumping

units.

Rated head of the pumping units is based on a sump level (-17. 5 feet msl
(-5.3 m)) corresponding to ocean level at mean lower low water (-9. 8 feet msl
(-3. 0 m)). The adopted setting of the pump in conjunction with the speed selec-
tion provides self-priming under extreme lower low-water conditions with ocean
level at mean lower low water and maximum pump discharge (one unit out of
service).
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Relift pumping plant-beachside route

The sea-water relift pumping plant for the beachside route contains six
motor-driven, vertical-shaft, fixed-blade, centrifugal-type pumping units.

Rated head of the pumping units is based on the normal water surface eleva-
tions in the two canals.

Sea-water pumping plant auxiliaries

The sea-water pumping plants are provided with a drainage and unwatering
system; compressed-air systems for service, brake, and instrument air; a ser-
vice and domestic water system; cooling-water systems for the unit bearings and
air coolers; a lubricating-oil storage handling and purification system; and fire
protection system including carbon dioxide systems for the pump motors and oil
purifier room, automatic sprinkler system for the oil storage and purifier
rooms, fire hose cabinets, and portable carbon dioxide extinguishers strategi-
cally located throughout the pumping plants.

Electric power for the auxiliaries at each sea-water pumping plant is pro-
vided by two station-service transformers. Low voltage switchgear is provided
as necessary for the auxiliaries.

Water Conveyance Systems

In the event of a power failure or desalting plant shutdown, storage for the
normal water volume contained within the canal is provided by the canal prism.
Check structures are also provided where necessary to confine the water within
definite reaches of the canal to control the water-surface drawdown. This pro-
cedure also protects the canal linings, when linings are used, from excessive,
unequal hydrostatic pressures.

Gravel-surfaced operation and maintenance roads are provided on each side
of the intake, brine, and product water canals. Periodic removal of blowing sand
from the operation and maintenance roads and canal is anticipated.

Pumping plant discharge line outlet structures, terminal structures on the
intake canals, canal transition structures, check structures, and energy dissi-
pation structures for the brine canals are provided where necessary and all are
of conventional reinforced concrete design.
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Sea-water intake near Rincon del Burro-highline route

Studies I-A and I-B

Sea water is pumped at the intake pumping plant through six 12-foot (3. 7-m)
diameter concrete discharge lines into a concrete-lined intake canal. The canal

extends inland approximately 2 miles (3. 2 km) to the desalting plant. It was as-

sumed that the facilities within the desalting plant will operate at full or partial

capacity without exceeding the normal design water surface in the canal, and
operate without additional pumping while passing sea water through the heat re-

ject section of the system.

Submerged traveling water screens are built into the terminal structure of

the intake canal to supply sea water free of debris to the desalting plant. Screens
are motor driven and continuous.

Waste sea water and blowdown are pumped into an unlined canal which re-
turns the brine to the Gulf of California.

The brine canal alinement parallels the intake canal to the pumping plant,

then diverges from the intake lines for approximately 1-1/2 miles (2.4 km) and
discharges into the ocean. An energy dissipation structure is located approxi-

mately opposite the pumping plant. Brine is discharged directly into the Gulf of
California on the shoreline without further treatment. The distance between the
point of brine discharge and sea-water intake is believed to be sufficient to pre-
vent recirculation.

The sea-water intake canal and brine return canal alinements and dimen-
sions are shown on figures V-A-13 and V-A-14.

Cross-drainage volumes anticipated are of small magnitude and will be
ponded adjacent to the uphill canal bank.

Study II-A

The sea-water conveyance system for the desalting plant located near San

Luis is similar to that described for studies I-A and I-B except the conveyance

system extends approximately 69. 5 miles (112 km) to the border. The pumping
head requirements for the intake pumping plant will be higher in this study as

shown in table V-A-10. A cut and cover section consisting of two 24-foot (7.3-
m) diameter concrete pipes was used for approximately 14. 5 miles (23.3 km)
where the cut varies from approximately 100 to 150 feet (30. 5 to 45.7 m) in the

active sand-dune area. Sea water from the intake pumping plant flows by
gravity to the desalting plant at the border.
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Structures for the conveyance system from the intake pumping plant to the
desalting plant on the border are similar to those described for studies I-A and
I-B.

Waste sea water and blowdown are pumped from the desalting plant into a
concrete-lined canal. The canal alinement runs 10 miles (16 km) westerly to
the east edge of the flood plain of the Colorado River where an energy dissipa-
tion structure is provided. It then follows the eastern edge of the flood plain ap-
proximately 25 miles (40.2 km) to the salt flats. The brine flows through natural
channels in the salt flats and eventually returns to the Gulf of California.

The sea-water intake and brine return canal alinements and dimensions are
shown on figure V-A-15.

A pumped underdrain system is provided for a reach of the brine canal where
the canal invert is located in ground water. The canal lining will thus be pro-
tected from damaging hydrostatic uplift. The concrete lining for the brine canal
should also prevent contamination of the ground water from the brine.

Five desert trail bridges and one railroad bridge are provided across the
sea-water intake canal. Two desert trail bridges, six road bridges, and one
railroad bridge are provided across the brine return canal. Trail and road
bridges will also serve as canal operation and maintenance bridges. Extension
of the sea-water intake pipes and brine return pipes at the desalting pipes at the
desalting plant will serve as crossings for Mexico Highway 2.

Sea-water intake near Santa Clara-beachside route

Studies I-C and I-D

Sea water is pumped at the intake pumping plant through six 12-foot (3. 7-m)
diameter concrete discharge lines into a concrete-lined intake canal. The canal
extends northwesterly along the coastline approximately 10 miles (16. 1 km) to a
relift pumping plant. An underdrain system with flap valve weeps is provided

for this reach of the canal to protect the canal lining from ground-water hydro-
static uplift. Seismic activity along the beachside route appears to be much
more severe than along the highline route. The canal side slopes along the
beachside route from the intake pumping plant to the relift pumping plant were
therefore flattened to 2-1/2:1, and relatively wide and shallow canal section was
used in the design.

The relift pumping plant located near the mouth of the Colorado River pumps
the incoming sea water from the low-level beachside canal (intake canal no. 1)
through six 12-foot (3. 7-m) diameter concrete discharge lines into a second canal
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(intake canal no. 2) located on top of the mesa. Intake canal no. 2 extends north-

ward approximately 7 miles (11.3 km) to the desalting plant.

Waste sea water and blowdown are pumped into an unlined canal which re-

turns the brine to the Gulf of California at a point near the mouth of the Colorado

River. Brine is discharged directly onto the salt flats without further treatment
and flows through natural channels to the Gulf of California. An energy dissipa-
tion structure is located along the brine return canal.

The sea-water intake and brine return canal alinements and dimensions are

shown on figures V-A-16 and 17.

The beachside canal is located between the existing highway and the escarp-
ment, thus avoiding a relocation of the highway. A bridge will be provided for

the desert trail from the highway to station Sanches Islas and also for a roadway
approximately 2 miles (3. 2 km) from the relift pumping plant.

Numerous overchute structures will be required for cross drainage along the
beachside canal. These will be of conventional design.

Fencing will be required along intake canal no. 1 to exclude domestic animals
from the canal.

Study II- B

The sea-water conveyance system for the desalting plant located near San
Luis is similar to that described for studies I-C and I-D except that the intake
canal on the mesa extends approximately 47 miles (75. 6 km) to the border. The
relift pumping plant pumps against a lower head as shown in table V-A-10. Sea
water from the relift pumping plant flows by gravity to the desalting plant at the
border. The brine return canal is the same as that described in study II-A.

The sea-water intake and brine return alinements and dimensions are shown
on figure V-A-18.

Riito site sea-water and brine conveyance system

The intake for the Riito plant site will be located at the same point as that

shown for the northern Santa Clara site. From the seashore, an open unlined
canal having a length of 12-1/2 miles (20 km) will conduct water to a pumping
plant for further conveyance by means of a concrete lined canal 9 miles (14 km)
north to the desalting plant. Both canals will have a delivery capability of
184 m 3/sec. The unlined canal will have a depth of approximately 18 feet
(5. 5 m) and a bottom width of approximately 70 feet (21.3 m). The canal leading
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to the desalting plant will have a depth of approximately 22.6 feet (6. 9 m) and a
bottom width of approximately 40 feet (12.2 m).

The brine outflow canal from the Riito plant will be conducted to a location
in the salt flat region at the mouth of the Colorado River. This canal will have a
capacity of 135 m 3 /sec with a bottom width of 95 feet (29 m) and a nominal depth
of 16 feet (4. 9 m). The side slopes are 2:1 and the canal length is 11. 2 miles
(18 km).

Product Water Conveyance Systems

Studies I-A through I-D

The total product water is pumped from the desalting plant through the pas-
sivation system. Half of the product water will be conveyed to the U. S. -Mexican
border for studies I-A and I-C and the total product will be conveyed to the bor-
der in studies I-B and I-D.

For studies I-A and I-B (highline route), the product water flows by gravity
from the desalting plant to the border. Part of the conveyance system will be a
concrete-lined canal and part will be a concrete pipe in a cut and cover section.
The concrete pipe in the cut and cover section will convey the product water

through an area of active sand dunes where the cut varies from 100-150 feet
(30-45 m). The pipe diameters are 13. 25 feet (4. 0 m) and 17 feet (5. 2 m) for

studies I-A and I-B, respectively.

For studies I-C and I-D (beachside route), the product water flows by gravity
in a concrete-lined canal from the desalting plant to the border.

The highline and beachside route studies use the same conveyance alinement

for the final 34 miles (55 km) to the U. S. -Mexican border and terminate approx-
imately 5. 5 miles (8. 9 km) east of San Luis as shown on figures V-A-13,

V-A-14, V-A-16, and V-A-17.

Studies II-A and II-B

The total product water is pumped from the desalting plant at the border
through the passivation system and is then available for further distribution to
the United States and Mexico.

Riito site - product water conveyance

Product water will be conveyed through two reinforced concrete pipelines,

each with a diameter of 12. 8 feet (3. 9 m). These pipes will be buried. The
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length of these pipes will be 12. 5 miles (20 km), terminating at a transition box.
It will then be conducted to a distribution box by means of a concrete-lined canal
having a trapezoidal cross section with a bottom width of 6. 6 feet (2 m) and a
nominal depth of 10. 5 feet (3.2 m).

Side slopes will be 1. 5:1. The line length for this canal will be 14.4 miles
(23 km). From this distributing box the flow assigned to the United States will
be carried to San Luis. This water will be carried in an open canal 3. 5 miles
(5. 5 km) in length, having a nominal bottom width of 5.4 feet (1. 65 m) and a
depth of 8. 9 feet (2.7 m). The flow assigned to Mexico is also carried through a
concrete-lined canal having a length of 23. 8 miles (38 km). This canal will term-
inate in a sump where different flow volumes can then be delivered to the main
canals of the Rio Colorado irrigation district which, in turn, will allow distribu-
tion to lands newly opened to irrigation. So that high zones of the irrigation
district can be supplied with water, some of the product water will be pumped
from the sump to a transition box and then through a 13. 1-mile (21-km) canal
to these high zones.

If water were to be supplied to the Mexicali area for M&I use, a pipeline
6. 5 feet (1. 98 m) in diameter would have to be carried a total distance of approx-
imately 44 miles (70.3 km). The flow rate in this pipeline would be 4 m3 /sec. A
branch takeoff would be provided 25 miles (40 km) from the desalting plant to
serve certain communities. The diameter of the pipe to the Mexicali region
beyond this takeoff point would be 6 feet (1.83 m).

Although detailed water and power costs were not developed for the Riito
site, capital and operating costs were derived. These data are shown in table
V-A-11.

Product Water Conveyance and Reservoir Storage in the United States

Half of the product water produced at the desalting plant complex will be
conveyed into the United States and half will be retained in Mexico for Mexican
use. The distribution and storage systems from the border to a site in the United
States for the United States' share of the water have not been fully developed.
However, the following construction costs and energy requirements should cover
these systems, and they have been used in the cost studies.

Total construction cost ------------------------ $50, 000, 000

Annual pumping requirements ------------------ 100, 000, 000 kw-hr

Operation, maintenance, and replacement cost--- $290, 000
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Product Water Conveyance and Reservoir Storage in Mexico

In studies I-A and I-C, the Mexican share of the product water will be fur-
nished at the desalting plant boundary near Santa Clara. In studies I-B, I-D,
II-A, and II-B, the Mexican share of the product water will be furnished near

the U. S. -Mexican border east of San Luis. The storage and distribution systems
for the Mexicans' share of the water have not been fully developed. The follow-
ing construction costs and energy requirements have been used in the cost
studies:

Total construction cost ------------------------ $25, 000, 000

Annual pumping requirements ------------------ 50, 000, 000 kw-hr

Operation, maintenance, and replacement cost--- $140, 000

Water Conveyance Electrical Systems

Transmission lines from the desalting plant to the various pumping plant
sites within Mexico and the switchyards for the sea-water pumping plants are
included in this study. For reliability, double transmission lines, separated by
at least half a mile (0. 8 km) where practical, are provided to supply power to
the sea-water pumping plants.

Transmission Lines

The transmission lines required for each alternate under study are given in
the following paragraphs.

Scheme I-desalting plant near Santa Clara

Study I-A and I-B-highline route

Two 230-kv lines are provided from the desalting plant to the intake pumping

plant, approximately 2 miles (3. 2 km) in length.

Study I-C and I-D-beachside route

Two 115-kv lines are provided from the desalting plant to the relift pumping

plant, approximately 7 miles (11 km) in length, and two 115-kv lines (smaller

conductor size) are provided from the relift pumping plant to the intake pumping

plant, approximately 10 miles (16 km) in length.
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Scheme II-desalting plant near San Luis

Study II-A-highline route

Two 161-kv lines, approximately 64 miles (103 km) in length, are provided
from the border to the intake pumping plant.

Study II-B-beachside route

Two 161-kv lines are provided from the border to the relift pumping plant,
approximately 46 miles (74 km) in length. Two 161-kv lines (smaller conductor
size) are provided from the relift pumping plant to the intake pumping plant, ap-
proximately 10 miles (16 km) in length.

All construction will be wood pole with two high-strength steel overhead
ground wires.

For this study, it has been assumed that all electrical equipment will be
suitable for use with 60-cycle per second alternating current and that the output
of the generators would be at that same frequency. No provision has been made
for supplying to the system or using within the system any frequency other than
60 cycles per second.

Switchyards

Switchyards are provided at each of the sea-water pumping plants. The
switchyard locations are shown in figures V-A-11 and V-A-12.

The sea-water pumping plant loads will be distributed between the two in-
coming lines during normal operation. However, should one line fail, the en-
tire load may be switched to the remaining line.

Water Conveyance Cost Summary
Sites Near Santa Clara, Sonora, and San Luis, Sonora

(Studies I-A Through I-D and II-A and 11-B)

Cost data for water conveyance in the various studies are summarized in
tables V-A-12 through V-A-18. Estimates involve the entire sea-water intake
system including intake conduits and canal, traveling water screen, intake
pumping plant with required electrical supply system, and pumping energy re-
quirements. Costs for the brine outfall system are also included.
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At the desalting plant location, only site preparation is considered. Costs
for the desalting plant proper, nuclear reactors, and a turbine-generating plant
are not included-neither are schemes for transmission of saleable power.

For product water, a passivation basin has been included, along with the
canals composing the main conveyance system for distribution. Costs for final
distribution into Mexico and the United States are not included.

Chemical costs for treatment of sea water in the sea-water intake and for
treatment of product water in the passivation basin are included.

Construction Costs and Right-of-Way Requirements

Estimated construction costs and right-of-way requirements for the water
conveyance systems for the 1-bgd (3. 8-million m3 /d) desalting studies are
shown in tables V-A-11 through V-A-16. Corresponding estimates for the 5-bgd
(18. 9-million m3 /d) studies appear in table V-A-17.

Construction cost estimates are based on experience gained during design
and construction of similar features in the southwestern United States and were
adapted for Mexican conditions. The costs are for furnishing materials and per-
forming the work as required at the construction areas as of January, 1967.
The costs shown are total construction costs and include allowances for contin-
gencies and overhead expenses. Allowances for interest during construction are
not included.

Cost estimates for the 1-bgd (3. 8-million m3 /d) studies were developed from
reconnaissance designs and work item quantity computations for the major por-
tions of work. Minor portions of work such as the electrical system for pumping
power and the pumping units and controls were estimated from experience cost
curves. These estimates are considered adequate for economic evaluations and
cost programing.

Cost estimates for the 5-bgd (18.9-million m3 /d) studies result from extra-
polating the quantities and costs for the 1-bgd (3. 8-million m3 /d) studies. These
estimates are intended to give general magnitude of costs only. Features in-
cluded in the cost estimates for the 5-bgd (18. 9-million m3 /d) studies correspond
to those listed in the cost tabulations for the 1-bgd (3.8-million m3 /d) studies.

Operation, Maintenance, and Replacement Costs and Pumping
Energy Requirements

Included in tables V-A-12 through V-A-17 are estimated annual operation,
maintenance, and replacement costs as well as pumping energy requirements
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of water conveyance for the 1-bgd (3. 8-million m3 /d) desalting studies. Table
V-A-18 shows the corresponding figures for the 5-bgd (18. 9-million m 3 /d)
studies.

Estimated operation, maintenance, and replacement costs are based on
United States labor and materials costs as of January 1, 1967, as experienced
on United States Bureau of Reclamation projects in southwestern United States.
Provisions for replacements are based on the September 1963, report of the
Committee on Replacement for the Bureau of Reclamation, using an interest
rate of 4 percent.

The estimates for pumping energy and chemicals are based on a plant fac-
tor of 90 percent or 328 days per year.
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Table V-A-11. -Study III. -Dual-Purpose Nuclear Plant in Northern Zone of Gulf of California
Riito Alternative Estimates and Costs of Pumping and Conduction

of Water to Delivery Points

Amount Capital replacement power

Item Mex. $ Annual total, Unit cost,

106 Met.$ Met.$ Meg. $ Mex. $ lo /yr Mex. $/m3
10 /yr lOD/yr 100/yr

(1) (2) (3) (4) (5) (6) (7) (8)

Mexico Tapping operation.................... 182.05 14.67 -- -- 14.67 0.0216
Pumping and repumping plant (civil

engineering)....................... 71.38 5.75 -- -- 5.75 0.0085
Plant site........................... 27.43 2.21 -- -- 2.21 0.0032
Sliding water screens................ 12.29 0.99 -- -- 0.99 0.0015
Storage tanks........................ 15.50 1.25 -- -- 1.25 0.0018
Brine duct........................... 20.33 1.64 -- -- 1.64 0.0024
Pumping and repumping plant (electro-
mechanical equipment)...............186.44 17.60 5.27 7.63 30.50 0.0450

Ordinary transmission (by pressure
and duct).......................... 240.10 19.35 -- -- 19.35 0.0285

Special transmission (by pressure and
duct).............................. 74.91 6.04 -- -- 6.04 0.0089

Total............................ 830.43 69.50 5.27 7.63 82.40 0.1214

Volumes delivered, m3/yr -
678,024,000 *66.43 5.56 0.42 0.61 6.59 3.68 (f/K gal)

United Tapping operation.................... 182.05 14.67 -- -- 14.67 0.0216
States Pumping and repumping plant (civil

engineering)....................... 71.38 5.75 -- -- 5.75 0.0085
Plant site........................... 27.43 2.21 -- -- 2.21 0.0032
Sliding water screens................ 12.29 0.99 -- -- 0.99 0.0015
Storage tanks........................ 15.50 1.25 -- -- 1.25 0.0018
Brine duct........................... 20.33 1.64 -- -- 1.64 0.0024
Pumping and repumping plant (electro-
mechanical equipment).............. 186.44 17.60 5.27 7.63 30.50 0.0450

Ordinary transmission (by pressure
and duct).......................... 240.10 19.35 -- -- 19.35 0.0285

Special transmission (by pressure and
duct).............................. 20.93 1.69 -- -- 1.69 0.0025

Total............................ 776.45 65.15 5.27 7.63 78.05 0.1150

Volumes delivered, m3/yr -
678,024,000 *62.12 5.21 0.42 0.61 6.24 3.48 ( /K gal)

Notes: Coefficients used:
Civil engineering
Electrical-mechanical equip.

*Totals converted to U.S. dollars.

Capital Reemplazo
0.08059
0.09439 0.02832

(Grupo de Estudio OIEA-Mexico-Estados Unidos--
Mexico, D.F., Septiembre de 1967)
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Table V-A-12. -Study I-A. -Santa Clara Site, Highline Route, 500 mgd to Border.
Joint United States/Mexico/IAEA 1-bgd (3.8 million m3 /day) Desalting Study

Reconnaissance Estimate Summary
(December 15, 1967-January 1967 prices)

Annual Annual operation,
Capacity Rightrofway pumping maintenance, and Construction costa

Feature requirements energy, replacement costs
million,

cfs cms acres hectares kw-hr $ U.S. Mex. $ U.S. Mex.

Sea water intake, 1.3 miles (2.1 km)
three concrete conduits.................6,500 184 70 28 9,000 112,500 25,088,000 313,600,000

Intake pumping plant, 169 ft head
(51.5 m).............................. 6,500 184 36 15 832 245,000 3,062,500 31,872,000 398,400,000

Intake canal, 2 miles (3.2 km) concrete
lined................................. 6,500 184 290 117 16,000 200,000 6,488,ooo 81,100,000

Traveling water screen ..................- - 27,000 337,500 2,000,000 25,000,000

Brine outfall, 3.5 miles (5.6 km)
unlined............................... 4,750 135 580 235 26,000 325,000 5,592,000 69,900,000

Site preparationfor desalting plant..... 230 93 7,176,000 89,700,000

Passivation basin........................................- - 18,ooo 225,000 2,480,000 31,000,000

Product canal, 69 miles (111 km) con-
crete lined........................... 775 22 7,050 2,855 273,000 3,412,500 85,448,000 1,068,100,000

Electrical system, 4 miles (6.4 km)
230-kv transmission line and intake
pumping plant switchyard.............. 61 25 99,000 1,237,500 2,000,000 25,000,000

Chemicals for sea water intake and
passivation basin .................... _.912,000 11,400,000

Total ............................... 832 1,625,000 20,312,500 168,144,000 2,101,800,000

aConstruction cost estimates were prepared by Mexico using quantity estimates prepared by U.S. Bureau of Reclamation.
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Table V-A-13. -Study 1-B. -Santa Clara Site, Highline Route, 1, 000 mgd to Border.
Joint United States/Mexico/IAEA 1-bgd (3.8 million m3 /day) Desalting Study

Reconnaissance Estimate Summary
December 15, 1967-January 1967 prices)

Right-of-way Annual Annual operation,
Capacity requirements pumping maintenance, and Construction costa

Feature energy replacement costs
million

cfs cms acres hectares kw-hr $ U.S. Mex. $ $ U.S. Mex. $

Sea water intake, 1.3 miles (2.1 km)
three concrete conduits.................6,500 184 70 28 9,000 112,500 25,088,000 313,600,000

Intake pumping plant, 169 ft head
(51.5 m).............................. 6,500 184 36 15 832 245,000 3,062,500 31,872,000 398,400,000

Intake canal, 2 miles (3.2 km) con-
crete lined........................... 6,500 184 290 117 16,000 200,000 6,488,000 81,100,000

Traveling water screen ..................- - 27,000 337,500 2,000,000 25,000,000

Brine outfall, 3.5 miles (5.6 km)
unlined............................... 4,750 135 580 235 26,000 325,000 5,592,000 69,900,000

Site preparation for desalting plant.... 230 93 7,176,000 89,700,000

Passivation basin....................... - - 18,000 225,000 2,480,000 31,000,000

Product canal, 69 miles (111 km) con-
crete lined............................ 1,550 44 7,910 3,204 300,000 3,750,000 108,904,000 1,361,300,000

Electrical system, 4 miles (6.4 km)
230-kv transmission line and intake
pumping plant switchyard .............. 61 25 99,000 1,237,500 2,000,000 25,000,000

Chemicals for sea water intake and
passivation basin..................... ___ 912,000 11,400,000

Total ............................... 832 1,652,000 20,650,000 191,600,000 2,395,000,000

aConstruction cost estimates were prepared by Mexico using quantity estimates prepared by U.S. Bureau of Reclamation.
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Table V-A-14. -Study I-C. -Santa Clara Site, Beachside Route, 500 mgd to Border.
Joint United States/Mexico/IAEA 1-bgd (3.8 million m3/day) Desalting Study

Reconnaissance Estimate Summary
December 15, 1967-January 1967 prices)

Right-of-way Annual Annual operation,Capacity requirements pumping maintenance, and Construction costa
Feature energy, replacement costs

million
cfs cms acres hectares kw-hr $ U.S. Mex. $ $ U.S. Mex. $

Sea water intake, 1.1 miles, (1.8 km)
three concrete conduits ................. 6,500 184 25 10 10,000 125,000 20,000,000 250,000,000

Intake pumping plant, 54 ft head
(16.5 m)............................... 6,500 184 12 5 232 126,000 1,575,000 22,872,000 285,900,000

Intake canal section 1, 10 miles (16.1
km) concrete lined..................... 6,500 184 680 275 85,000 1,062,500 10,112,000 126,400,000

Relift pumping plant, 121 ft head
(36.9 m)-...............................6,500 184 28 11 633 189,000 2,362,500 17,336,000 216,700,000

Intake canal section 2, 7 miles (11.3 km)
concrete lined......................... 6,500 184 610 247 59,000 737,500 10,024,000 125,300,000

Traveling water screen ...................- - 27,000 337,500 1,968,000 24,600,000

Brine outfall, 3.5 miles (5.6 km)
unlined................................ 4,750 135 520 211 29,000 362,500 4,336,000 54,200,000

Site preparation for desalting plant..... 230 93 4,496,000 56,200,000

Passivation basin ........................ - 18,000 225,000 2,480,000 31,000,000

Product canal, 40.5 miles (65.2 km) con-
crete lined............................ 775 22 2,700 1,094 184,000 2,300,000 19,608,000 245,100,000

Electrical system, 34 miles (54.7 km)
115-kv transmission line, and two
pumping plant switchyards .............. 309 125 106,000 1,325,000 2,600,000 32,500,000

Chemicals for sea water intake and
passivation basin ...................... _ 912,000 11,400,000

Total ................................ 865 1,745,000 21,812,500 115,832,000 1,447,900,000

Construction cost estimates were prepared by Mexico using quantity estimates prepared by U.S. Bureau of Reclamation.

00
m



Table V-A-15. -Study I-D. -Santa Clara Site, Beachside Route, 1, 000 mgd to Border.
Joint United States/Mexico/IAEA 1-bgd (3.8 million m3 /day) Desalting Study

Reconnaissance Estimate Summary

(December 15, 1967-January 1967 prices)

Right-of-way Annual Annual operation,
Capacity requirements pumping maintenance, and Construction cost

Feature energy, replacement costs
million

cfs cms acres hectares kw-hr $ U.S. Mex. $ $ U.S. Mex. $

Sea water intake, 1.1 miles (1.8 km)
three concrete conduits.................6,500 184 25 10 10,000 125,000 20,000,000 250,000,000

Intake pumping plant, 54 ft head
(16.5 m) ............................... 6,500 184 12 5 232 126,000 1,575,000 22,872,000 285,900,000

Intake canal section 1, 10 miles (16.1
km) concrete lined.....................6,500 184 680 275 85,000 1,062,500 10,112,000 126,400,000

Relift pumping plant, 121 ft head
(36.9 m).............................. 6,500 184 28 11 633 189,000 2,362,500 17,336,000 216,700,000

Intake canal section 2, 7 miles (11.3
km) concrete lined.....................6,500 184 610 247 59,000 737,500 10,024,000 125,300,000

Traveling water screen .................. - - 27,000 337,500 1,968,000 24,600,000

Brine outfall, 3.5 miles (5.6 km)
unlined...............................4,750 135 520 211 29,000 362,500 4,336,000 54,200,000

Site preparation for desalting plant.... 230 93 4,496,000 56,200,000

Passivation basin........................................- - 18,000 225,000 2,480,000 31,000,000

Product canal, 40.5 miles (65.2 km)
concrete lined........................ 1,550 44 3,100 1,256 200,000 2,500,000 22,432,000 280,400,000

Electrical system, 34 miles (54.7 km)
115-kv transmission line, and two
pumping plant switchyards ............. 309 125 106,000 1,325,000 2,600,000 32,500,000

Chemicals for sea water intake and
passivation basin;.................... 912,000 11,400,000

Total............................... 865 1,761,000 22,012,500 118,656,000 1,483,200,000

Construction cost estimates were prepared by Mexico using quantity estimates prepared by U.S. Bureau of Reclamation.



Table V-A- 16. -Study II-A. -San Luis Site, Highline Route.
Joint United States/Mexico/IAEA 1-bgd (3.8 million m3 /day) Desalting Study

Reconnaissance Estimate Summary
(December 15, 1967-January 1967 prices)

Right-of-way Annual Annual operation,
Capacityrequirements pumping maintenance, and Construction costa

Featurerenergy, replacement costs
million

cfs cms acres hectares kw-hr $ U.S. Mex. $ $ U.S. Mex. $

Sea water intake, 1.3 miles (2.1 km)
three concrete conduits.................6,500 184 70 28 9,000 112,500 25,088,000 313,600,000

Intake pumping plant, 192 ft head
(58.5 m).............................. 6,500 184 36 15 952 254,000 3,175,000 33,976,000 424,700,000

Intake canal, 69.5 miles concrete
lined................................. 6,500 184 12,200 4,940 476,000 5,950,000 232,240,000 2,903,000,000

Traveling water screen .................. - - 27,000 337,500 2,000,000 25,000,000

Brine outfall, 35 miles (56.4 km) con-
crete lined........................... 4,750 135 1,320 535 258,000 3,225,000 27,632,000 345,400,000

Site preparation for desalting plant.... 230 93 5,552,000 69,400,000

Passivation basin........................................- - 18,000 225,000 2,480,000 31,000,000

Electrical system, 128 miles (206 km)
161-kv transmission line and intake
pumping plant switchyard ............. 1,320 535 149,000 1,862,500 3,696,000 46,200,000

Chemicals for sea water intake and
passivation basin.......... __ 912,000 11,400,000

Total............................... 952 2,103,000 26,287,500 332,664,000 4,158,300,000
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Table V-A-17. -Study II-B. -San Luis Route, Beachside Route.
Joint United States/Mexico/IAEA 1-bgd (3.8 million m3 /day) Desalting Study

Reconnaissance Estimate Summary
(December 15, 1967-January 1967 prices)

Right-of-way Annual Annual operation,
Capacity requirements pumping maintenance, and Construction costa

Feature energy, replacement costs
million

cfs cms acres hectares kw-hr $ U.S. Mex. $ $ U.S. Mex. $

Sea water intake, 1.1 miles (1.8 km)
three concrete conduits.................6,500 184 25 10 10,000 125,000 20,000,000 250,000,000

Intake pumping plant, 54 ft head
(16.5 m).............................. 6,500 184 12 5 232 126,000 1,575,000 22,872,000 285,900,000

Intake canal section 1, 10 miles
(16.1 m) concrete lined.................6,500 184 680 275 85,000 1,062,500 10,112,000 126,400,000

Relift pumping plant, 110 ft head
(33.5 m).............................. 6,500 184 28 11 575 174,000 2,175,000 28,440,000 355,500,000

Intake canal section 2, 47 miles (75.7
km) concrete lined.....................6,500 184 5,060 2,050 364,000 4,550,000 41,816,000 522,700,000

Traveling water screen ..................- - 27,000 337,500 1,968,000 24,600,000

Brine outfall, 35 miles (56.4 km) con-
crete lined........................... 4,750 135 1,320 535 258,000 3 ,225,000 27,632,000 3 45,400,000

Site preparation for desalting plant.... 230 93 5,552,000 69,400,000

Passivation basin.........................- - 18,000 225,000 2,480,0003 1,000,000

Electrical system, 112 miles (180 km)
161-kv transmission line, and two
pumping plant switchyards ............. 1,150 466 150,000 1,875,000 4,504,000 56,300,000

Chemicals for sea water intake and
passivation basin ..................... 912,000 11,400,000

Total ............................... 807 2,124,000 26,550,000 165,376,000 2,067,200,000

aConstruction cost estimates were prepared by Mexico using quantity estimates prepared by U.S. Bureau of Reclamation.
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Table V-A-18. -Joint United States/Mexico/IAEA 5-bgd (18. 9 million m3 /day) Desalting Study
Reconnaissance Estimate Summary

(December 15, 1967-January 1967 prices)
Conveyance System and Site Preparation for 5-Billion-Gallon-Per-Day Desalting Plant

Annual operation,

Right-of-way Annual maintenance, anda Construction cost
Right-of-way Pmigrpaeetcss osrcincs

Study requirements energy,preplacementcosts
Stud enegykw-hr

acres hectares million U.S. $ Mex. $ U.S. $ Mex. $

I-A
Santa Clara highline route

500 mgd to border.................. 19,600 7,900 4,160 1,980,000 24,750,000 500,000,000 6,250,000,000

I-B
Santag a oailine route, 1,000.... 21,500 8,700 4,160 2,056,000 25,700,000 561,500,000 7,018,750,000

I-C
Santa Clara eachside route, 500......12,400 5,000 4,325 2,233,000 27,912,500 420,000,000 5,250,000,000mgd to bore

I-D
Santa Clara beachside route, 1,000... 13,300 5,400 4,325 2,285,000 28,562,500 423,500,000 5,293,750,000igd to border
II-A
Santa Luis highline route.............35,900 14,600 4,760 3,023,000 37,787,500 686,900,000 8,586,250,000

II-B
San Luis beachside route................20,700 8,400 4,035 2,899,000 36,237,500 552,104,000 6,901,300,000

aAnnual O&R costs do not include

bConstruction cost estimates were

annual cost of $4,556,000 for chemicals used in sea water intake and passivation basin.

prepared by Mexico using quantity estimates prepared by U.S. Bureau of Reclamation.
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Appendix VI-A

COST ESTIMATES
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Table VI-A-1. -Total Capital Investment and Annual Costs for Complete System-
1980 Time Perioda

Santa Clara sites San Luis site

Highline Route Beachside route Highline route Beachside route

Study I-A Study I-B Study I-C Study I-D Study II-A Study II-B

Product water to border, mgd.............................500 1,000 500 1,000 1,000 1,000
Product water to U.S. reservoir, mgd............. .... 500 500 500 500 500 500
Product water to Mexico reservoir, mgd........... 500 500 500 500 500 500
Power exported to Hermosillo, MWE................ .......351 351 351 351 351 351
Power exported to Mexicali...............................219 219 219 219 219 219
Power exported to U.S. grid, MWE........................1107 1107 1104 1104 1092 1111

Base interest rate, percent/yr..........................0.60 0.60 0.60 0.60 0.60 0.60
Total construction cost ($1,000)

Nuclear island......................................134,898 134,898 134,898 134,898 134,898 134,898
Power plant..........................................95,673 95,673 95,673 95,673 95,673 95,673
Water plant (less intake and outflow systems).. 428,660 428,660 428,660 428,660 428,660 428,660
Sea water intake and brine outflow systems..... 77,269 77,269 90,453 90,453 330,737 161,192
Product water canal to border.......................86,140 110,080 19,767 22,674 0 0
Product water canal border to U.S. reservoir... 50,608 50,608 50,608 50,608 50,608 50,608
Product water canal to Mexico reservoir........ 25,203 25,203 25,203 25,203 25,203 25,203
Power transmission to U.S. grid................. 21,227 2122 11,632 11,632 0 0

Total investment ($1,000).......................919,678 943,618 856,894 859,801 1,065,779 896,234

Annual costs, $/
Nuclear island..................................38,321,200 38,321,200 38,321,200 38,321,200 38,321,200 38,321,200
Power plantb....................................30,565,200 30,565,200 30,565,200 30,565,200 30,565,200 30,565,200
Water plant (less intake and outflow systems)... 44,536,600 44,536,600 44,536,600 44,536,600 44,536,600 44,536,600
Sea water intake and brine outflow systems'.... 2,460,500 2,460,500 2,904,100 2,904,100 8,620,800 4,467,600
Product water canal to border....................2,271,400 2,853,800 642,600 726,000 0 0
Product water canal to U.S. reservoir.......... 1,647,900 1,647,900 1,647,900 1,647,900 1,647,900 1,647,900
Product water canal to Mexico reservoir........ 876,700 876,700 876,700 876,700 876,700 876,700
Power transmission to U.S. grid...................502,3 0 52300 275,300 2750 0 0

Total (net) annual cost, $/yr.................82,860,600 83,4 3,000 81, , 0 81,531, 00 86,247,200 82,094,000

aExcluding land cost and construction premiums on nuclear island, power and water plants for seismic design and for

construction outside contiguous portion of United States.
bIncludes annual cost of nuclear island as prime steam cost and credit for exhaust steam sales to water plant. Also

includes cost equivalent of power only condenser system.
cAllocated to water cost.
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Table VI-A-1. -Continued. -Total Capital Investment and Annual Costs for Complete System-1980 Time Perioda

Santa Clara sites San Luis site

Highline route Beachside route Highline route Beachside route

Study I-A Study I-B Study I-C Study I-D Study II-A Study II-B

Product water to border, mgd..............................500 1,000 500 1,000 1,000 1,000
Product water to U.S. reservoir, mgd............. ....500 500 500 500 500 500
Product water to Mexico reservoir, mgd........... 500 500 500 500 500 500
Power exported to Hermosillo, MWE ................. 351 351 351 351 351 351
Power exported to Mexicali ....................... .. 219 219 219 219 219 219
Power exported to U.S. grid, MWE........................1107 1107 1104 1104 1092 1111

Base interest rate, percent/yr..........................6.50 6.50 6.50 6.50 6.50 6.50
Total construction cost ($1,000)

Nuclear island................................. .. 152,567 152,567 152,567 152,567 152,567 152,567
Power plant ................................. . ... 108,205 108,205 108,205 108,205 108,205 108,205
Water plant(less intake and outf low systems) 466,488 466,488 466,488 466,488 466,488 466,488
Sea water intake and brine outflow systems..... 87,390 87,390 102,301 102,301 374,058 182,305
Product water canal to border .................. .... 92,946 121,646 21,329 25,057 0 0
Product water canal border to U.S. reservoir... 56,581 56,581 56,581 56,581 56,581 56,581
Product water canal to Mexico reservoir........ 27,194 27,194 27,194 27,194 27,194 27,194
Power transmission to U.S. grid .................. 21.89 21,789 11,939 11,939 0 0

Total investment ($1,000).................... 1,013,i6 1,0i1,86 46,6& 950,332 1,185,093 993,30

Annual costs, $/
Nuclear island ................................ .. 51,342,900 51,342,900 51,342,900 51,342,900 51,342,900 51,342,900
Power plantb................................... .. 44,874,700 44,874,700 44,874,700 44,874,700 44,874,700 44,874,700
Water plant(less intake and outflow systems)... 71,419,000 71,419,000 71,419,000 71,419,000 71,419,000 71,419,000
Sea water intake and brine outflow systemsc 6,172,200 6,172,200 7,350,700 6,172,200 26,019,900 12,655,400
Product water canal to border ................... 6,584,000 8,559,800 1,632,200 1,901,400 0 0
Product water canal to U.S. reservoir.......... .. 4,401,700 4,401,700 4,401,700 4,401,700 4,401,700 4,401,700
Product water canal to Mexico reservoir........ ... 2,207,400 2,207,400 2,207,400 2,207,400 2,207,400 2,207,400
Power transmission to U.S. grid................. 1,59,100 1,509100 826 ,00 826,900 0 0

Total (net) annual cost, $/yr ................. 137,168,100 139,1143,900 132,712,600 132,981,800 148,922,700 135,558,200

aExcluding land cost and construction premiums on nuclear island, power, and water plants for seismic design and for

construction outside contiguous portion of United States.
bIncludes annual cost of nuclear island as prime steam cost and credit for exhaust steam sales to water plant. Also

includes cost equivalent of power only condenser system.
cAllocated to water cost.



Table VI-A-1. -Continued. Total Capital Investment and Annual Costs for Complete System-1980 Time Perioda

Santa Clara sites San Luis site

Highline route Beachside route Highline route Beachside route

Study I-A Study I-B Study I-C Study I-D Study II-A Study II-B

Product water to border, mgd..............................500 1,000 500 1,000 1,000 1,000
Product water to U.S. reservoir, mgd............. ....500 500 500 500 500 500
Product water to Mexico reservoir, mgd-........ 500 500 500 500 500 500
Power exported to Hermosillo, MWE............... ....... 351 351 351 351 351 351
Power exported to Mexicali...............................219 219 219 219 219 219
Power exported to U.S. grid, MWE........................1107 1107 1104 1104 1092 1111

Base interest rate, percent/yr..........................3.85 3.85 3.85 3.85 3.85 3.85
Total construction cost ($1,000)

Nuclear island................................. 144,632 144,632 144,632 144,632 144,632 144,632
Power plant........................................102,577 102,577 102,577 102,577 102,577 102,577
Water plant (less intake and outflow systems... 453,469 453,469 453,469 453,469 453,469 453,469
Sea water intake and brine outflow systems..... 82,845 82,845 96,980 96,980 354,602 172,823
Product water canal to border.......................89,889 116,451 20,627 23,987 0 0
Product water canal border to U.S. reservoir... 53,898 53,898 53,898 53,898 53,898 53,898
Product water canal to Mexico reservoir........ 26,299 26,299 26,299 26,299 26,299 26,299
Power transmission to U.S. grid ................ 21,6 21,536 11,801 11,801 0 0

Total investment ($L,000)...................... 975,15 1,001,707 910,283 913,643 1,135,477 953,698

Annual costs, $/yr
Nuclear islandb.................................44,979,200 44,979,200 44,979,200 44,979,200 44,979,200 44,979,200
Power plantb....................................37,730,200 37,730,200 37,730,200 37,730,200 37,730,200 37,730,200
Water plant (less intake and outflow systems).. 58,034,400 58,034,400 58,034,400 58,034,400 58,034,400 58,034,400
Sea water intake and brine outflow systems..... 4,214,800 4,214,800 5,008,400 5,008,400 16,883,900 8,349,100
Product water canal to border....................4,354,000 5,586,900 1,120,500 1,289,000 0 0
Product water canal to U.S. reservoir.......... 2,963,900 2,963,900 2,963,900 2,963,900 2,963,900 2,963,900
Product water canal to Mexico reservoir........ 1,520,500 1,520,500 1,520,500 1,520,500 1,520,500 1,520,500
Power transmission to U.S. grid...................997,200 997,200 546 500 546,500 0 0

Total (net) annual cost, $/yr................ 109,815,000 111,047,900 10 ,92 ,00 107,092,900 117,132,900 108,598,100

aExcluding land cost and construction premiums on nuclear island, power and water plants for seismic design and for
construction outside contiguous portion of United States.

bIncludes annual cost of nuclear island as prime steam cost and credit for exhaust steam sales to water plant. Also
includes cost equivalent of power only condenser system.

cAllocated to water cost.
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Table VI-A-1. -Concluded. Total Capital Investment and Annual Costs for Complete System-1980 Time Perioda

Santa Clara sites San Luis site

Highline route Beachside route Highline route Beachside route

Study I-A Study I-B Study I-C Study I-D Study II-A Study II-B

Product water to border....................................500 1,000 500 1,000 1,000 1,000
Product water to U.S. reservoir, mgd...............500 500 500 500 500 500
Product water to Mexico reservoir, mgd............ 500 500 500 500 500 500
Power exported to Hermosillo, MWE.........................351 351 3551 351 351 351
Power exported to Mexicali................................219 219 219 219 219 219
Power exported to U.S. grid, MWE.........................1107 1107 1104 1104 1092 1111

Base interest rate, percent/yr...........................8.92 8.92 8.92 8.92 8.92 8.92
Total construction cost ($1,000)..................

Nuclear island.................................. 159,814 159,814 159,814 159,814 159,814 159,814
Power plant..................................... 113,345 113,345 113,345 113,345 113,345 113,345
Water plant (less intake and outflow systems.... 492,170 492,170 492,170 492,170 492,170 492,170
Sea water intake and brine outflow systems...... 91,541 91,541 107,160 107,160 391,826 190,965
Product water canal to border........................95,738 126,390 21,969 26,034 0 0
Product water canal border to U.S. reservoir.... 59,032 59,032 59,032 59,032 59,032 59,032
Product water canal to Mexico reservoir......... 28,010 28,010 28,010 28,010 28,010 28,010
Power transmission to U.S. grid......................22,020 22,020 12,066 12,066 0 0

Total investment ($1,000) ...................... 1,061,670 1,092,322 993,566 997,631 1,244,197 1,043,336

Annual costs, $/yr
Nuclear islandb ................................. 57,961,000 57,961,000 57,961,000 57,961,000 57,961,000 57,961,000
Power plantb.................................... 52,371,100 52,371,100 52,371,100 52,371,100 52,371,100 52,371,100
Water plant (less intake and outflow systems.... 86,817,600 86,817,600 86,817,600 86,817,600 86,817,600 86,817,600
Sea water intake and brine outflow systems...... 8,324,300 8,324,300 9,918,800 9,918,800 35,937,100 17,349,400
Product water canal to border.....................8,937,300 11,738,300 2,172,200 2,556,800 0 0
Product water canal to U.S. reservoir........... 5,947,400 5,947,400 5,947,400 5,947,400 5,947,000 5,947,000
Product water canal to Mexico reservoir......... 2,931,900 2,931,900 2,931,900 2,931,900 2,931,900 2,931,900
Power transmission to U.S. grid....................2,032,700 2,032,700 1,113,800 1,113,800 0 0

Total (net) annual cost, $/yr................. 167,362,300 170,163,300 161,272,800 161,657,400 184,005,100 165,417,400

aExcluding land cost and construction premiums on nuclear island, power and water plant for seismic design and for

construction outside contiguous portion of United States.
bIncludes annual cost of nuclear island as prime steam cost and credit for exhaust steam sales to water plant. Also

includes cost equivalent of power only condenser system.
cAllocated to water costs.
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Table VI-A-2. -Electrical Power Generation and Consumption

1980 Time Period 1990 Time Period

Santa Clara sites San Luis site Santa Clara sites San Luis site

Highline Beachside Highline Beachside Highline Beachside Highline Beachside
route route route route route route rute route

Reactor thermal power, tmw........................10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000
Gross electrical generation, MWE.................. 2,160 2,160 2,160 2,160 2,330 2,330 2,330 2,330
Power plant auxiliary power, MWE......................51 51 51 51 128 128 128 128
Reactor plant auxiliary power, MWE................4 41 41 41 78 78 78 78
Water plant (less intake pumping) power, MWE.... 262 262 262 262 151 151 151 151
Intake pumping plant power, MWE......................106 29 121 29 106 29 121 29
Relift pumping plant power, MWE ................. 0.. . 80 0 73 0 80 0 73
Product water pumping to U.S. reservoira, MWE... 13 13 13 13 13 13 13 13
Product water pumping to Mexico
reservoir, MWE............................... 10 10 10 10 10 10 10 10

Net exported power, MWE........................... 1,677 1,674 1,662 1,681 1,844 1,841 1,829 1,848
Exported to U.S. grid, WE.................... 1,107 1,104 1,092 1,111 922 920.5 914.5 924
Exported to Mexico grids, MWE....................570 570 570 570 922 920.5 914.5 924

Annual energy consumption, 108 kw-hr/yr.........
Power plant auxiliaries........................4.02 4.02 4.02 4.02 10.09 10.09 10.09 10.09
Reactor plant auxiliaries......................3.23 3.23 3.23 3.23 6.15 6.15 6.15 6.15
Water plant (less intake pumps)............... 20.66 20.66 20.66 20.66 11.90 11.90 11.90 11.90
Intake pumping.............................. 8.32 2.32 9.52 2.32 8.32 2.32 9.52 2.32
Relift pumping....................................0 6.33 0 5.75 0 6.33 0 5.75
Product water pumping to U.S. reservoira.... 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Product water pumping to
Mexico reservoira............................0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80

Exported to U.S. grid......................... 87.32 86.99 86.12 87.57 72.72 72.55 72.12 72.84
Exported to Mexico grids.......................44.94 44.94 44.94 44.94 72.72 72.55 72.12 72.84

Total energy consumption..................170.29 170.29 170.29 170.29 183.70 183.70 183.70 183.70

aPumping power required to pump product through passivation treatment

water plant power requirements.

and to lift water to the level of product canal is included in

I
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Table VI-A-3. -Total Capital Investment and Annual Costs for Complete System-1990 Time Perioda

Product water to border, mgd.........
Product water to U.S. reservoir, mgd...
Product water to Mexico reservoir,

mgd................................
Power exported to Hermosillo, ?ME......
Power exported to Mexicali...........
Power exported to U.S. grid, ?41E.......

Base interest rate, percent/yr.......
Total construction costs ($1,000)

Nuclear Island....................
Power plant.........................
Water plant (less intake and

outflow system)..................
Sea water intake and brine

outflow system.....................
Product water canal to border........
Product water canal border to

U.S. reservoir.....................
Product water canal to Mexico

reservoir.......................
Power transmission to U.S. grid......

Total investment ($1,000).........

Annual costs, $/yr
Nuclear islandb......................
Power plantb.........................
Water plant (less intake and

brine outflow systems)...........
Sea water intake and brine

outflow systemsc ...................
Product water canal to border........
Product water canal to U.S.
reservoir..........................

Product water canal to Mexico
reservoir..........................

Power transmission to U.S. grid......
Total (net) annual cost, $/yr......

Santa Clara sites San Luis site

Highline route Beachside route Highline Beachside
route route

Study I-A Study I-B Study I-C Study I-D Study II-A Study II-B

500 1,000 500 1,000 1,000 1,000
500 500 500 500 500 500

500 500 500 500 500 500
449 449 447.5 447.5 441.5 451
473 473 473 473 473 473
922 922 920.5 920.5 914.5 924

0.60 0.60 0.60 0.60 0.60 0.60

189,120 189,120 189,120 189,120 189,120 189,120
98,004 98,004 98,004 98,004 98,004 98,004

204,144 204,144 204,144 204,144 204,144 204,144

72,269 72,269 90,453 90,453 330,737 161,192
86,140 110,080 19,767 22,674 0 0

50,608 50,608 50,608 50,608 50,608 50,608

25,203 25,203 25,203 25,203 25,203 25,203
21,227 21,227 11,632 11,632 0 0

751,715 775,655 688,931 691,838 897,816 728,271

21,879,500

18,675,400

25,912,000

2,027,600
2,271,400

1,571,700

815,800
502,400

51,776,300

21,879,500

18,675,400

25,912,000

2,027,600
2,853,800

1,571,700

815,800
502,400

52,358,700

21,879,500

18,675,400

25,912,000

2,466,000
642,600

1,571,700

815,800
275,300

50,338,800

21,879,500
18,675,400

25,912,000

2,446,000
726,000

1,571,700

815,800
275,300

50,422,200

21,879,500
18,675,400

25,912,000

8,096,200
0

1,571,700

815,800
0

55,071,100

21,879,500
18,675,400

25,912,000

4,053,800
0

1,571,700

815,800
0

51,028,700

00

aExcluding land cost and construction premiums on nuclear island, power and water plant for seismic design and for
construction outside contiguous portion of United States.

bIncludes annual cost of nuclear island as prime steam cost and credit for exhaust steam sales to water plant. Also
includes cost equivalent of power only condenser system.

cAllocated to water costs.



Table VI-A-3. -Continued. Total Capital Investment and Annual Costs for Complete System-1990 Time Perioda

Santa Clara sites San Luis site

Highline route Beachside route Highline Beachside
route route

Study I-A Study I-B Study I-C Study I-D Study II-A Study II-B

Product water to border, mgd........... 500 1,000 500 1,000 1,000 1,000
Product water to U.S. reservoir, mgd... 500 500 500 500 500 500
Product water to Mexico reservoir,

mgd...........................................500 500 500 500 500 500
Power exported to Hermosillo, MWE...... 449 449 447.5 447.5 441.5 451
Power exported to Mexicali............. ...473 473 473 473 473 473
Power exported to U.S. grid, MWE....... 922 922 920.5 920.5 914.5 924

Base interest rate, percent/yr......... 3.85 3.85 3.85 3.85 3.85 3.85
Total construction costs ($1,000)......
Nuclear island............................202,766 202,766 202,766 202,766 202,766 202,766
Power plant...............................105,076 105,076 105,076 105,076 105,076 105,076
Water plant (less intake and

outflow system)..........................215,957 215,957 215,957 215,957 215,957 215,957
Sea water intake and brine

outflow system...........................82,845 82,845 96,980 96,980 354,602 172,823
Product water canal to border........ 89,889 116,451 20,627 23,983 0 0
Product water canal border to

U.S. reservoir............................53,898 53,898 53,898 53,898 53,898 53,898
Product water canal to Mexico
reservoir.................................26,299 26,299 26,299 26,299 26,299 26,299

Power Transmission to U.S. grid ...... 21,536 21,536 11,801 11,801 0 0
Total investment ($1,000)......... 798,266 824,828 733,404 736,764 958,598 776,819

Annual costs, $/yr
Nuclear islandb.........................31,717,900 31,717,900 31,717,900 31,717,900 31,717,900 31,717,900
Power plantb............................27,308,500 27,208,500 27,308,500 27,308,500 27,308,500 27,308,500
Water plant (less intake and brine
outflow systems).....................35,470,300 35,470,300 35,470,300 35,470,300 35,470,300 35,470,300

Sea water intake apd brine
outflow systemsc...................... 3,897,900 3,897,900 4,668,500 4,668,500 16,483,400 8,049,600

Product water canal to border............4,354,000 5,586,900 1,120,500 1,289,000 0 0
Product water canal to U.S.
reservoir.............................2,894,300 2,894,300 2,894,300 2,894,300 2,894,300 2,894,300

Product water eanal to Mexico
reservoir.............................1,464,800 1,464,800 1,464,800 1,464,800 1,464,800 1,464,800

Power transmission to U.S. grid...... 997,200 997,200 546,500 546,500 0 0
Total (net) annual cost, $/yr...... 76,387,000 77,619,900 73,473,400 73,641,900 83,621,300 75,187,500

aExcluding land cost and construction premiums on nuclear island, power and water plant for seismic design and
for construction outside contiguous portion of United States.

bIncludes annual cost of nuclear island as prime steam cost and credit for exhaust steam sales to water plant.
Also includes cost equivalent of power only condenser system.

cAllocated to water costs.



Table VI-A-3. -Continued. Total Capital Investments and Annual Costs for Complete System-1990 Time Perioda

Santa Clara sites San Luis site

Highline Route Beachside route H line Beacude

Study I-A Study I-B Study I-C Study I-D Study II-A Study II-B

Product water to border, mgd..........- 500 1,000 500 1,000 1,000 1,000
Product water to U.S. reservoir, mgd... 500 500 500 500 500 500
Product water to Mexico reservoir,

gd.................................. 500 500 500 500 500 500
Power exported to Hermosillo, MWE...... 449 449 447.5 447.5 441.5 451
Power exported to Mexicali ............. 473 473 473 473 473 473
Power exported to U.S. grid, MWE....... 922 922 920.5 920.5 914.5 924

Base interest rate, percent/yr......... 6.50 6.50 6.50 6.50 6.50 6.50
Total construction costs ($1,000)......

Nuclear island .......................... 213,891 213,891 213,891 213,891 213,891 213,891
Power plant .......................... . 110,841 110,841 110,841 110,841 110,841 110,841
Water plant (less intake and

outflow system).................... ... 225,593 225,593 225,593 225,593 225,593 225,593
Sea water intake and brine

outflow system..................... 87,390 87,390 102,301 102,301 374,058 182,305
Product water canal to border........ 92,946 121,646 21,329 25,057 0 0
Product water canal border to

U.S. reservoir..................... 56,581 56,581 56,581 56,581 56,581 56,581
Product water canal to Mexico
reservoir.......................... 27,194 27,194 27,194 27,194 27,194 27,194

Power transmission to U.S. grid...... 21,789 21,789 11,939 11,939 0 0
Total investment ($1,000).......... 836,225 864,925 769,669 773,397 1,008,158 816,405

Annual costs, $/yr
Nuclear islandb.......................41,006,200 41,006,200 41,006,200 41,006,200 41,006,200 41,006,200
Power plantb-.......................... 35,788,200 35,788,200 35,788,200 35,788,200 35,788,200 35,788,200
Water plant (less intake and brine

outflow systems)................... .. 45,095,600 45,095,600 45,095,600 45,095,600 45,095,600 45,095,600
Sea water intake and brine

outflow systemsc................... 5,965,500 5,965,500 7,122,900 7,122,900 25,736,600 12,464,600
Product water canal to border........ 6,584,000 8,559,800 1,632,200 1,901,400 0 0
Product water canal to U.S.
reservoir.......................... 4,338,000 4,338,000 4,338,000 4,338,000 4,338,000 4,338,000

Product water canal to Mexico
reservoir.......................... 2,156,500 2,156,500 2,156,500 2,156,500 2,156,500 2,156,500

Power transmission to U.S. grid...... 1,509,100 1,509,100 826,900 826,900 0 0
Total (net) annual cost, $/yr...... 101,436,900 103,412,700 96,960,300 97,229,500 113,114,900 99,842,900

a
Excluding land cost and construction premiums on nuclear island, power and water plant for seismic design and

for construction outside contiguous portion of U.S.
Includes annual cost of nuclear island as prime steam cost and credit for exhaust steam sales to water plant.

Also includes cost equivalent of power only condenser system.
cAllocated to water costs.
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Table VI-A-3. -Concluded. Total Capital Investment and Annual Costs for Complete System-1990 Time Perioda

Santa Clara sites San Luis site

Highline route Beachside route Highline Beachside
route route

Study I-A Study I-B Study I-C Study I-D Study II-A Study II-B

Product water to border, mgd- - 500 1,000 500 1,000 1,000 1,000
Product water to U.S. reservoir, mgd- - 500 500 500 500 500 500
Product water to Mexico reservoir,

mgd.........................................-.....500 500 500 500 500 500
Power exported to Hermosillo, MWE...... 449 449 447.5 447.5 441. 451
Power exported to Mexicali ............. 473 473 473 473 473 473
Power exported to U.S. grid, MWE.... - 922 922 920.5 920.5 914.5 924

Base interest rate, percent/yr.........8.92 8.92 8.92 8.92 8.92 8.92
Total construction costs ($1,000)8......
Nuclear island ....................... ..... 224,052 224,052 224,052 224.052 224,052 224,050
Power plant ........................... 116,106 116,106 116,106 116,106 116,106 116,106
Water plant (less intake and

outflow system)...........................234,390 234,390 234,390 234,390 234,390 234,390
Sea water intake and brine

outflow system.............................91,541 91,541 107,160 107,160 391,826 190,965
Product water canal to border.......... ... 95,738 126,390 21,969 26,034 0 0
Product water canal border to

U.S. reservoir............................59,032 59,032 59,032 59,032 59,032 59,032
Product water canal to Mexico

reservoir ......................... .. 28,010 28,010 28,010 28,010 28,010 28,010
Power transmission to U.S. grid...... ... 22,020 22,020 12,066 12,066 0 0

Total investment ($1,000)........... 870,889 901,541 802,785 806,850 1,053,416 852,555

Annual costs, t/yr
Nuclear island....................... .. 50,380,400 50,380,400 50,380,400 50,380,400 50,380,400 50,380,400
Power plantb ......................... .. 44,483,400 44,483,400 44,483,400 44,483,400 44,483,400 44,483,400
Water plant (less intake and brine

outflow system)...................... 55,064,700 55,064,700 55,064,700 55,064,700 55,064,700 55,064,700
Sea water intake and brine

outflow systems........................8,256,300 b,256,300 9,831,400 9,831,400 35,798,600 17,296,100
Product water canal to border........ ....8,937,300 11,738,300 2,172,200 2,556,800 0 0
Product water canal to U.S.

reservoir..............................5,888,600 5,888,600 5,888,600 5,888,6oo 5,888,600 5,888,60
Product water canal to Mexico

reservoir..............................2,884,900 2,884,900 2,884,900 2,884,900 2,884,900 2,884,900
Power transmission to U.S.grid...... 2,032,700 2,032,700 1,113,800 1,113,800 0 0

Tot al (net) annual cost, /yr...... 127,547,900 130,348,900 121,439,000 121,823,600 144,120,200 125,617,700

aExcluding land. cost and construction premiums on nuclear island, power and water plant for seismic design
and for construction outside contiguous portion of United States.

bIncludes annual cost of nuclear island as prime steam cost and credit for exhaust steam sales to water
plant. Also includes cost equivalent of power only condenser system.

cAllocated to water costs.



Table VI-A-4. -Crop Production-1966. Bureau of Reclamation Projects.
Lower Colorado River Basin and Tributaries

Class 1 - 4 Class 5 Total
Lands in Irrigation Rotation, acres

21 Harvested cropland and pasture (from line 194)........... 84,323 814,323
22 Cropland not harvested................................... 14,656 14,656
23 Soil building...... .................... 16,676 16,676
24 Acres irrigated (lines 21 + 22 + 23)..................... 845,655 845,655
25 Fallow or idle........................................ 94,541 94,541
26 Area in irrigation rotation (cultivation) (lines 24 + 25) 940,196 940,196

Lands Not in Irrigation Rotation, acres

27 Dry cropped..............................................
28 Idle, fallow or grazed................................... 54,252 54,252
29 Farmsteads, roads, ditches, drains....................... 34,865 34,865
30 Area not in irrigation rotation (lines 27 + 28 + 29)..... 89,117 89,117
31 Urban and suburban residential, commercial and industrial

lands......................... ............... 95,224 95,224
32 Total Irrigable Area for Service (lines 26 + 30 + 31).. 1,124,537 1,124,537

33 Class 6 - Temporarily Irrigated

Crop Value Summary

41 Gross Crop Value (from line 194)........................................ $316,993,702

42 Additional Revenue:
43 Agricultural conservation practices: Total $20,301,999
44 Sugar program:

Factory $ Federal $2,950,594 Total $2,950,594
45 Total additional revenue.............................................. 23,252,593

46 Total value (gross crop value plus additional revenue).................. 340,246,295
47 Total Irrigated Acreage (from line 24).................................. 845,655

48 Average Value per Irrigated Acre (line 46 4 line 47).................... 402.35

Crop Production - Land Classes 1 Through 5

Yield Value of Crops
Crops Harvested in Irrigation Acres Unit

Rotation Per Total Per Per Total
acre unit acre

51 Barley................... 144,150 Bu. 57 8,219,246 $ 1.21 $ 68.83 $ 9,921,202
52 Corn..................... Bu.
53 Oats..................... 1,495 Bu. 53 78,781 .87 45.86 68,560co 54 Rice.....................Bu.

e 55 Rye..................... Bu.
c, 56 Sorghums (sorgo, kaffir,
o etc.).................... 178,134 Bu. 72 12,834,101 1.26 90.91 16,193,909

57 Wheat.................... 3,892 Bu. 55 213,709 1.58 86.98 338,525
58 Other cereals Bu.
59 Total cereals.......... 327,671 Ton 80.94 26,522.196

61 Alfalfa hay.............. 260,198 Ton 5.6 1,468,600 26.76 151.03 39,297,847
63 Other hay................ 15,642 Ton 2.6 40,722 19.86 51.70 808,724
64 Irrigated pasture........ 263,115 AUM 4.7 1,227,851 6.00 27.98 7,362,254
65 Corn fodder.............. Ton
66 Silage or ensilage....... 7,525 Ton 26.3 197,628 5.47 143.76 1,081,772

ti 67 Crop residue: Beet tops. Ton
0. 68 Stubble, stalks, etc.. AUM

69 Straw (all kinds)..... Ton 27,260 8.23 224,340
70 Root crops (carrots, etc) Ton
71 Other forage ............. Ton
72 Total forage........... 546,480 Ton 89.25 48,774,937

81 Beans, castor............ 1 Cwt. 30.0 30 11.30 339.00 339
82 Beans, dry and edible.... Cwt.

P4 83 Broomcorn................. Tono 84 Cotton, lint (Upland).... 123,302 Bale 1.90 234,537 107.99 205.40 25,326,357
85 Cotton, seed (Upland).... Ton .8 95,547 56.18 43.54 5,368,237

b 86 Cotton, lint (Am. Egypt.) 3,767 Bale .78 2,949 244.36 191.30 720,612
.1 87 Cotton, seed (Am. Egypt.) Ton .3 1,306 58.07 20.13 75,845

88 Hops..................... Ton
89 Peppermint............... Lb.

" 90 Spearmint................ Lb.
91 Sugar beets.............. 61,910 Ton 21.5 1,331,065 12.10 260.15 16,105,886
92 Other misc. field crops.. 10,225 Ton 1.2 12,717 96.01 119.41 1,220,996
93 Total misc. field crops 199,205 Ton 245.07 48,818,272

V1-.f-.1



Table VI-A-4. -Continued. Crop Production-1966. Bureau of Reclamation
Projects. Lower Colorado River Basin and Tributaries

Yield Value of Crops
Crops Harvested in Irrigation Acres Unit

Rotation Per Total Per Per Total
acre unit acre

101 Asparagus............... 4,895 Crate 77 378,986 $ 6.50 $ 503.18 $ 2,463,049
102 Beans (processing)....Ton
103 Beans (fresh market).... 210 Bu. 344 72,263 3.00 1,031.36 216,585
104 Broccoli................ 224 Crate 72 16,177 4.82 347.85 77,919
105 Cabbage................. 2,261 Ton 11.2 25,291 68.59 767.21 1,734,671
106 Carrots................. 10,074 Ton 16.8 169,696 69.85 1,176,66 11,853,666
107 Cauliflower............. ...8 Crate 230 1,838 3.57 820.25 6,562
108 Celery................... 2 Crate 816 1,633 2.34 1,911.00 3,822
109 Corn, sweet (processing) Ton
110 Corn, sweet (fresh

market)................. 3,057 Cwt. 70.0 213,957 5.43 379.77 1,160,972
111 Cucumbers............... 447 Bu. 269 120,177 3.15 846.99 378,606
112 Greens (kale, etc.).... Cwt.

e 113 Lettuce................. 67,047 Crate 247 16,585,594 5.06 1,250.95 83,872,657
, 114 Melons: Cantaloupes, etc 18,626 Crate 158 2,949,448 5.10 806.90 15,029,278

115 Honey Ball, honeydew,
etc................. 504 Crate 196 98,575 4.03 788.09 397,198

116 Watermelons........... 5,133 Ton 9.5 48,613 52.36 495.93 2,545,601
117 Onions, dry............. 5,341 Cwt. 289.4 1,545,950 5.60 1,620.75 8,656,400
118 Onions, green........... 360 Crate 960 345,600 2.82 2,712.00 976,320
119 Peas, green (processing) Ton
120 Peas, green (fresh

market).................. 83 Bu. 87 7,228 9.91 862.80 71,612
121 Peppers (all kinds)..... 329 Bu. 151 49,794 9.68 1,464.95 481,967
122 Potatoes, early......... 963 Cwt. 274.3 264,105 2.02 554.15 533,649
123 Potatoes, late..........Cwt.
124 Squash.................. 889 Cwt. 65.2 57,950 4.90 319.48 284,016
125 Sweet potatoes.......... 628 Bu. 175 109,900 2.00 350.00 219,800
126 Tomatoes (canning)...... Ton
127 Tomatoes (fresh market). 550 Lug 805 442,531 2.92 2,352.15 1,293,683
128 Other vegetables........ 2,818 Ton 6.7 18,777 151.12 1,006.93 2,837,540
129 Total vegetables...... 124,449 Ton 1,085.55 135,095,573

137 Total nursery......... 1,131 M. 2,470.38 2,794,004

141 Alfalfa................. 11,141 Cwt. 2.7 30,526 32.63 89.42 996,203
142 Clover (all kinds)..... Cwt.
143 Corn........................... .Cwt.
144 Flaxseed................. 2,265 Cwt. 16.8 38,052 5.89 99.00 224,235
145 Grass (all kinds)....... 11,723 Cwt. 8.1 95,319 25.00 203.27 2,382,975

* 146 Lettuce................ ..... 40 Cwt. 1.0 40 110.00 110.00 4,400
c 147 Onion................... 715 Cwt. 5.5 3,954 100.00 553.00 395,400

148 Pea..................... . Cwt.
149 Potato (all kinds)..... Cwt.
150 Sugar beet.............. 2,605 Cwt. 31.7 82,568 18.01 570.80 1,486,944
151 Other seed.............. 7,839 Cwt. 24.3 190,207 4.70 113.96 893,368
152 Total seeds............ 36,328 Ton 175.72 6,383,525

161 Apples............................Cwt.
162 Apricots................ ..... 10 Cwt. 25.0 250 8.00 200.00 2,000
163 Berries (all kinds)..... 8 Cwt. 75.0 600 20.00 1,500.00 12,000
164 Cherries................ ..... Cwt.
165 Citrus: Grapefruit...... 20,523 Cwt. 216.1 4,434,837 3.52 761.25 15,623,066
166 Lemons and limes...... 6,363 Cwt. 197.8 1,258,664 3.68 728.77 4,637,190

, 167 Oranges and tangerines 15,236 Cwt. 85.5 1,302,176 4.34 370.68 5,647,641
168 Dates................... 4,209 Cwt. 93.8 394,666 19.91 1,866.95 7,857,979
169 Grapes, table........... 10,294 Cwt. 67.8 697,880 14.87 1,007.84 10,374,679
170 Grapes, other........... Cwt.
171 Olives.................. 50 Cwt. 30.0 1,500 7.00 210.00 10,500
172 Peaches................. 5 Cwt. 17.0 85 8.00 136.00 680
173 Pears.............................Cwt.
174 Prunes and plums........ Cwt.
175 Other fruits............ 18 Cwt. 12.6 227 79.93 1,008.00 18,144
176 Total fruits.......... 56,716 Ton 779.04 44,183,879

181 Almonds...........................Cwt.
a 182 Pecans.................. 554 Cwt. 14.6 8,071 42.41 617.90 342,316

183 Walnuts...........................Cwt.
184 Other nuts.............. Cwt.
185 Total nuts............ 554 Ton 617.90 342,316

191 Family gardens and
orchards................ 6,805 Value 599.41 4,079,000

192 Total all crops....... 1,299,339 316,993,702

193 Less multiple
cropped............. 485,016

194 Total harvested crop-
land and pasture........814,323 389.27 316,993,702



Figure VI-A-1. -Incremental Product Water Cost Due to Sea-Water & Brine Conveyance-1980 Time Period
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Figure VI-A-2. -Incremental Product Water Cost Due to Sea-Water & Brine Conveyance-1 9 8 0
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Figure VI-A-3. -Incremental Product Water Cost Due to Sea-Water and Brine Conveyance-1980 Time Period
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Figure VI-A-4. -Incremental Product Water Cost Due to Product Water Conveyance-1980 Time Period
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Figure VI-A-5. -Incremental Product Water Cost Due to Product Water Conveyance-1980 Time Period
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Figure VI-A- 6. -Incremental Product Water Cost Due to Sea-Water and Brine Conveyance- 1990 Time Period
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Figure VI-A-7. -Incremental Product Water Cost Due to Sea-Water and Brine Conveyance-1990 Time Period
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Figure VI-A-8. -Incremental Product Water Cost Due to Sea-Water and Brine Conveyance-1990 Time Period
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Figure VI-A-9. -Incremental Product Water Cost Due to Product Water Conveyance-1990 Time Period
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Figure VI-A-10. -Incremental Product Water Cost Due to Product Water Conveyance-1990 Time Period
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LEGAL NOTICE

This is a joint study report prepared under an international agreement between

the Government of the United States of America, the Government of Mexico, and

the International Atomic Energy Agency. No warranty or representation, expressed

or implied, with respect to accuracy, completeness or usefulness of the information

contained in this report is made or intended. There is no assurance that the use of

any information, apparatus, method, or process disclosed in this report will not

infringe privately owned rights.




