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A PRELIMINARY ECONOMIC FEASIBILITY STUDY FOR THE ESTABLISHMENT OF AN

ENERGY-WATER COMPLEX IN THE TULAROSA BASIN -- AN EXECUTIVE SUMMARY*

This study is a preliminary evaluation of the feasibility of the construction and operation
of an industrial, agricultural, and recreational complex in the Tularosa basin. The propesed
project involves desalting 500,000 acre-feet of saline groundwater, generating 2,000 megawatts
of electricity, and recovering minerals from the reject brine.

Since the major components of the complex were assumed to be publicly financed, benefit-cost
analysis was used to determine preliminary feasibility. Environmental risks associated with the
energy-water project and social and political inputs were not evaluated. |If portions of the com-
plex were located on military lands in the Tularosa basin area, evaluation of the impact on the
White Sands Missile Range, Holloman Air Force Base, and the McGregor Range of Fort Bliss would
be needed.

The source of energy studied was nuclear power to generate steam for electricity production
and desalting. Most of the electricity was to be exported outside the Tularosa basin. A small
amount of the production would be required for the increased local demands created by the project.

The desalted water would be used chiefly by irrigated agriculture, with smaller amounts for
municipal, industrial, and recreational needs. The water for irrigaticn would be blended with water
from the well field to obtain water of 1,000 parts per million (ppm) dissolved solids, and then dis-
charged to an impoundment reservoir for distribution to the irrigation system. The reservoir would
also provide water-based recreation. The proposed locaticn of the reservoir would allow gravity
flow to the irrigation system, but the water would have to be pumped to the reservoir.

Minerals recovered from the desalting brine would provide additional benefits from the project.
Magnesium, potash, barium, sodium chloride, and magnesium oxide were the primary minerals analyzed
for recovery.

Since an energy-water complex of this size has not been built or even planned to use saline
groundwater, the design and cost data for desalting sea water were used. These data, mostly from
published sources, had to be scaled up or down taking into account the change in feed water (sea
to groundwater supplies). Cost data were adjusted to the 1972-1974 period, and applicable tech-
nology bases were in the same time frame. The proposed complex was assumed to come on-line in
the year 2000.

The study was limited by assumptions to the size of electrical generation capacity, source
and type of nuclear facility, quantity of water to be desalted, and the technology of multistage
flash evaporation. These assumed values may not be those best suited to a complex in the Tularosa

basin. Further research is needed to evaluate this question.

“Principal contributors to this interdisciplinary research effort: Robert R. Lansford,
Resource Economist, NMSU; Lynn Gelhar, Hydrologist, NMIMT; Raymond J. Supalla, Resource
Economist, NMSU; Marshall Reiter, Geophysicist, NMIMT; William D. Gorman, Agricultural
EZconomist, NMSU; D. B. Wilson, Chemical Engineer, NMSU; Stanley E. Logan, Nuclear En-
gineer, UNM; Richard Mead, Chemical Engineer, UNM; Allan R. Sanford, Geophysicist, NMIMT;
William Schulze, Resource Economist, UNM; Shaul Ben-David, Resource Fconomist, UNM; Fred
Rouach, Resource Economist, UNM; Thomas H. Stevens, Resource Economist, NMSU; Bobby J.
Creel, Resource Economist, NMSU. Other investigators contributing to the research effort:
M. Igbal Axhtar, Agricultural Economist, NMSU; James Creek, Agricultural Economist, NMSU;
James A. Larson, Agricultural Economist, NMSU; Marie Matthews, Acricultural Economist,
NMSU; Mark Thaver, Resource Economist, UNM.



WATER RESOURCES

Holloman Air Force Base, White Sands Missile Range, and the City of Alamogordo, the major
users of water in the Tularosa basin, are developing limited amounts of available fresh water.
The proposed energy-water complex would extract 500,000 acre-feet of water per year containing
less than 10 g/1 of dissolved solids. Quantity and quality of water were the primary considera-
tions in the selection of a well field. The most promising site is near the eastern side of the
basin. Quality of water in this well field was determined from analysis of other wells in the
area. The dissolved solids concentration of the water produced from the well field would be
about 5,000 parts per million. The drawdown in the well field is estimated to be about 600 feet
at 30 years, and the drawdown five miles outside the field is about 12 to 15 feet. Cost esti-
mates to build and maintain a well field to provide 500,000 acre-feet of water per year for 30
years are $98 million for well construction and collection system, $15.6 million for equipment

replacement, and $440,000 per year for maintenance.
LAND RESOURCES

An energy-water complex in the Tularosa basin would require land resources for irrigation,
urban development, and recreational activities. At present, 88 percent of the land is in public
domain and five percent is privately owned. The public land is controlled as follows: Military
services, 54 percent; Bureau of Land Management, 16 percent; Forest Service, six percent; National
Park Service, four percent; Mescalero Apache Indian Reservation, seven percent; and state of New
Mexico, seven percent. Land suitable for the proposed agricultural-energy project would be

available.

DESALINATION

An evaluation of current water-desalting technology suggests that a multistage flash desalting
plant would best suit the design of the project. Estimated costs are $300 million for construction
and capital outlay, and about $13.8 million per year for pretreatment, operation, and maintenance,

including a mineral recovery process.

NUCLEAR ENERGY PLANT

Among the different types of nuclear reactors considered as an energy source to produce elec-
tricity and desalted water, a steam cycle, high temperature gas reactor was selected as the most
suitable. Estimated costs for the construction of such a nuclear energy plant would be about
$974 million and about $119 million per year for operation and maintenance.

The seismic risk of installing a nuclear plant in the Tularosa basin was considered minor,
but for precaution, the site should be on bedrock. Isolated outcrops of Permian rocks are located

about six miles southwest of Tularosa and about 12 miles southwest of Alamogordo.

WATER TRANSPORTATION, STORAGE, AND RECREATION

Since not all water is used as it is produced, the water from the desalination plant would be

conveyed to a storage reservoir. The distance from plant to reservoir would be about 10 miles,



with an increase in elevation of about 1,000 feet. The cost of a conveyance system is estimated
at $50.6 million for construction, about $34.7 million for replacements, and about $506,000 per
year for maintenance.

The storage reservoir would need to hold about 250,000 acre-feet of water. Rinconada Creek,
northeast of Tularosa, was selected as a suitable site for the reservoir, which would have a range
of water elevations from about 5,200 feet (minimum recreational pool) to about 5,500 feet (maximum
pool size).

An earthen dam across the canyon would cost about $230.8 million to construct and about $231
thousand per year to operate and maintain. The recreational potential of the reservoir was esti-
mated by using a theoretical demand model, which projected 1,873,152 annual visitors to the pro-

posed lake.

WATER EXPORTATION

The water plan prepared by the State Engineer Office indicates that New Mexico may face
extreme shortages of water by the year 2000. Therefore, exportation of the desalted water to
the Rio Grande or Pecos River was analyzed. Of three alternatives considered, two for the
Rio Grande and one for the Pecos, the Elephant Butte (Rio Grande) exportation plan was selected.
Costs would be about $70 million for the conveyance system, $34.7 million for replacements, and

about $700 thousand per year for maintenance and operation.

IRRIGATED AGRICULTURE

Costs and returns budgets for selected agricultural enterprises were used in a linear program-
ming model with an objective function to maximize net return subject to water, land, and capital
cost constraints. The purpose of this analysis was to determine the maximum amount farmers could
pay for irrigation water. This point was determined when the aggregate net return was zero for
irrigated agriculture. Increasing the interest rate from five to 10 percent does not drastically
affect the cropping pattern or water use but decreases the amount that the agriculture sector can
pay for irrigation water from between $55 and $56 per acre-foot to $45 to $46 per acre-foot. The
distribution system would cost about $26 million for construction and $206,000 per year for opera-

tion and maintenance.

MARKET POTENTIAL FOR ELECTRICITY AND MINERAL BY-PRODUCTS

A demand analysis indicates that market potential may exist for the 2,000 MW of electricity
produced by the proposed Tularosa project if the product is competitively priced.

There could be a market for the mineral products to be recovered from the reject brine. The
minerals considered were magnesium metal, potash, barium, sodium chloride, magnesium oxide, sodium
oxide, and sodium hydroxide. The primary products are expected to be magnesium metal and potash,
for which the market potential was derived by a demand equation analysis. Market potential of
the other minerals was estimated from an examination of the characteristics of each industry.
Estimated costs for construction and capital outlay for mineral recovery facilities are $109

million. Operation and maintenace would run about $27.3 million per year.

PRELIMINARY ECONOMIC FEASIBILITY

Three Alternative project designs at four interest levels were evaluated by benefit-cost

analysis.



The first Alternative was the project itself as originally designed for production of 500,000
acre-feet of water and 2,000 megawatts (MW) of electric power from a dual plant (nuclear and de-
salting) and recovery of certain minerals from the reject brine. All water is to be used within
the Tularosa basin by a greatly-expanded agricultural sector and increased municipal and indus-
trial development. Electricity production, after fulfilling project power requirements, will
be exported to surrounding areas in the Southwest and only enough to satisfy local needs designated
for in-basin use.

The second Alternative was the production of power only. Water production would be limited
to an amount sufficient to satisfy cooling requirements. All power produced would be exported
to surrounding regions in the Southwest.

The third Alternative comprised equivalent water production, power generation, and mineral
recovery. But all water over and above Tularosa basin needs (those that would have occurred
without the project) would be exported to the Rio Grande. Only enough water to supply a "'without
project'' local economy would be retained within the basin and all excess from the 500,000 acre-foot
production would be transferred. All net power produced (excluding internal requirements) would
be exported to other regions in the Southwest.

Four interest or discount rates--five, six, eight, and 10 percent--were used to check the
sensitivity of the results to changes in the discount rate. The two lower interest rates (five
and six percent) represent rates commonly used for water project evaluations, and the two higher
rates are representative of the lower range of publicly funded projects (municipal bonds).

The capital outlay and annual operating cost for each component in the three Alternatives

are presented in Table 1. For Alternative 1 (nuclear reactor, desalting, and agriculture), the
total capital outlay is $1,788.7 million and the total annual operating costs are $163.7 million.
For Alternative 2 (nuclear reactor only), the total capital outlay is $1,037.1 million and total
annual operating costs are $119.13 million. Costs of the nuclear plant in this Alternative are

higher than in Alternative 1, because the number of turbines for generating was increased to
take advantage of available steam. The total capital outlay for Alternative 3 (nuclear reactor,
desalting, and water export) is $1,551.3 million and total annual operating costs are $161.34
million.

Sources of benefits for Alternative | would be sales of power (local and export), water for
in-basin use, and minerals and recreation. Benefits in Alternative 2 would be from the sale of
power only. Alternative 3 would derive benefits from sales of power (local and export), water
(local and export to the Rio Grande), and minerals. Estimated benefits from mineral sales are
$67.702 million and from recreation, $3.746 million. The value of water is estimated at $50
per acre-foot for local municipal and industrial uses, and $90 per acre-foot for export. Total
benefits from water sales vary over the life of the project due to changes in amounts used by
the different sectors.

The price of power was calculated on the basis of estimated cost of a coal-fired plant. For
export, the price varies from $9.44 per MW at a discount rate of five percent to $10.06 at six
percent, $11.38 at eight percent, and $12.79 at 10 percent. The price to local municipal and
industrial users ranges from $10.38 per MW at five percent discount to $11.07 at six percent,
$12.52 at eight percent, and $14.07 at 10 percent. Total benefits from the sale of electricity
also vary over the life of the project according to the number of municipal and industrial users
and the power requirements for pumping water.

Results of the analysis of the above costs and benefits are reported in Table 2. For the
project to be feasible, the net benefits must be greater than or equal to zero and the benefit-cost
ratio must be equal to one or more. The complete energy-water complex, Alternative 1, appears to

be infeasible for two primary reasons:



Table 1. Capital outlays and annual operation costs for
the cost components for the benefit-cost analy-
sis for each alternative, Tularosa basin project,
New Mexico

Total Capital Annual Operating
Cost Component Outlayv Costs Costs
(million $) (million $)

Alternative 1--Nuclear Reactor, Desalting, Agriculture

Nuclear plant 974.0 114950
Desalting plant 300.0 1:3:..8
Well field 98.0 0.4
Water deliverv (plant

to reservoir) 50.6 0.5
Agricultural distribu-

tion system 26.0 0.3
Reservoir 230.8 23
Mineral recovery __109.3 27,8
Total 15'7:88:7 163.7

Alternative 2--Nuclear Reactor Only

Nuclear Plant 1,028.0 119.10
Well field sjal 0,03
Total 150871 1195513

Alternative 3--Nuclear Reactor, Desalting, Water Export

Nuclear plant 974.0 1191110
Desalting plant 300.0 1:3.80
Well-field 98.0 0.44
Mineral recovery 109.3 27530
Water export canal . 70.0 __0.70
Total 15559 55 161.34

First, desalting technology at present is capital intensive and too costly in comparison
to any reasonable projections of water values to allow feasibility even when waste heat from
power production is available. Feasibility would require an increase in the value of water to
$221 per acre-foot for agricultural, municipal, and industrial uses at a six percent discount rate.

Second, the capital costs and power drawdowns associated with storing water for agriculture
are prohibitive in relation to the potential value. |In Alternative 3, the value of water exported
to the Rio Grande needs to be $187 per acre-foot to achieve feasibility. This value approaches
minimum system cost of $149 per acre-foot for producing desalted water, excluding transportation
costs.

Projected local uses of water cannot justify production of desalted water at this cost. De-
salting, even with a dual nuclear plant and mineral recovery facility, is not economically feasible
with current technology on the scale proposed for the Tularosa basin. The prospect of nuclear
power production using brine water for cooling (Alternative 2) may prove feasible and the possible
construction of a nuclear energy park in the Tularosa basin may merit further investigation. This

decision would depend chiefly on environmental risks not evaluated in this preliminary study.



Table 2. Results of the benefit-cost analysis for Alternatives 1, 2, and 3,
for the Tularosa basin project, New Mexico

Discount Net Benefit-cost
Rate Benefits Ratic

Alternative 1--Nuclear reactor, Desalting, Agriculture

5 -986.570 0.508
A =1,012. 350 0.505
8 -1,076.415 0.494
10 -1,137.528 0.486
Alternative 2--Nuclear reactor only
5 5%. 123 1.050
6 84421 151072
8 110.042 1.090
10 1324817 1.105

Alternative 3--Nuclear reactor, Desalting, Water export

5 =382. 527 0.779
) -424.824 0.738
8 =509 7.7 719
10 =57.8:612 0.093

Net contributions of the individual components to the overall project were also analyzed
and tabulated. To facilitate analysis, the price of water was allowed to vary to the point where
the project would just break-even--all costs covered. The basic configuration only considers
costs associated with the nuclear plant, well field, and desalting plant (Table 3). Water
would have to be priced to all users as indicated in the table at the various interest rates
to just break-even.

When a mineral recovery process is added to the basic configuration, costs and benefits in-
crease. Benefits from mineral sales lower prices of water substantially (at six percent, for
example, $149 per acre-foot as opposed to $191 per acre-foot). The price of water to all users
would change as delineated in Table 3 and all costs would be just recovered.

The third configuration combines the three components (nuclear plant, well field, and de-
salting plant) of the basic configuration with the storage reservoir and the plant-to-reservoir
conveyance system. All costs and the benefits from recreational use of the reservoir are included.
The price of water would have to be as shown in Table 3 for the project to break-even. |f mineral
recovery is added to this water configuration, total costs and benefits increase, therefore the
break-even price of water would be somewhat lower ($205-5159 at the five percent interest rate).

When the exportation of water to the Rio Grande is included in the basic three-component
configuration, the capital, operating, and maintenance costs are increased somewhat. The break-
even prices of water without mineral recovery and with mineral recovery added are presented in
Table 3. Since the price with mineral recovery is lower in all configurations, the net contri-

bution of this component is important.



Table 3. Break-even water prices at selected interest rates for basic and enlarged
project configurations
Enlarged Configurations-Basic Plus
Interest Basic Mineral- Export Mineral-
Rate Configuration Mineral Water Water Water Export
(percenth R s (dollars per acre-foot)- — = = = = = = = = = - =
5 183 138 205 159 217 173
6 191 149 215 173 228 187
8 212 1.7:7 240 204 254 223
10 238 212 269 247 281 256

SUMMARY OF RESULTS AND CONCLUSIONS

There is little chance under current Nuclear Regulatory Commission procedures that a nuclear

plant would be licensed in the Tularosa basin because it would not be compatible with the White

Sands Missile Range. The economic analysis did not consider the loss in value of canceling or

modifying WSMR activities as an opportunity cost of constructing an energy-water complex.

The major findings and recommendations of this study are summarized below.

Summary Results

DESALTING WATER IN THE TULAROSA BASIN ON THE PROPOSED SCALE
oF 500,000 ACRE-FEET PER YEAR IS NOT ECONOMICALLY FEASIBLE.

PRODUCTION OF NUCLEAR POWER WITH BRACKISH WATER FOR COOLING
APPEARS MARGINALLY FEASIBLE IF CUMULATIVE ENVIRONMENTAL COSTS
ARE NOT TOO SEVERE.

LAND FOR DEVELOPMENT OF AGRICULTURE., INDUSTRY, AND MUNICIPAL
NEEDS IS NOT A LIMITATION, BUT ACQUISITION OF THE MORE SUITABLE
LAND IN MILITARY USE WOULD PRESENT PROBLEMS.

ANALYSIS OF THE MARKET POTENTIAL FOR ELECTRICITY PRODUCED IN

THE TULAROSA BASIN INDICATES THAT 47,000 MW(E) WILL BE NEEDED
FOR THE SouTHwesT BY 1990, BUT IF THE PRICE INCREASES BY 3.5

PERCENT PER YEAR., ADDITIONAL REQUIREMENTS WOULD BE LIMITED TO
REPLACEMENT CAPACITY.

THE FEASIBILITY OF MINERAL BY-PRODUCT SALES DEPENDS ON TRANS-
PORTATION COSTS TO MARKET AND POTENTIAL RECOVERY OF CERTAIN
MINERALS, BUT EVEN SUBSTANTIAL SALES WOULD ONLY PARTIALLY
OFFSET THE HIGH COST OF DESALTED WATER.,

THE ANALYSIS OF THE PROPOSED WELL FIELD WAS BASED ON AN OPTIMISTIC
EVALUATION OF EXISTING VERY LIMITED HYDROLOGIC DATA: ACTUAL COST
COULD BE SUBSTANTIALLY HIGHER AND OTHER SITES MAY PROVE TO BE MORE
FAVORABLE.

UATA ON THE GEOTHERMAL POTENTIAL OF THE TULAROSA BASIN ARE
INSUFFICIENT TO EVALUATE THIS POTENTIAL SOURCE OF ENERGY FOR
DESALTING WATER.



EXPORTATION OF DESALTED WATER FROM THE TULAROSA BASIN IS ECO-
NOMICALLY INFEASIBLE UNTIL THE PRICE OF WATER INCREASES., BUT
APPEARS TO BE A MORE LIKELY ALTERNATIVE THAN LOCAL USE FOR
AGRICULTURE BECAUSE OF HIGHER-VALUED USES IN THE Rio GRANDE OR
Pecos RIVER BASINS,

Summary Recommendations

AN EXTENSIVE PROGRAM OF HYDROLOGIC DATA COLLECTION., ANALYSIS.
AND MODELING WILL BE REQUIRED FOR DETAILED EVALUATION AND
DESIGN OF THE PROPOSED WELL FIELD.

A SIMILAR PROGRAM OF DATA COLLECTION AND ANALYSIS SHOULD BE
CONSIDERED TO ASSESS THE GEOTHERMAL POTENTIAL OF THE TULAROSA
BASIN.

THE COMPARABILITY OF THE PROPOSED NUCLEAR DESALINATION COMPLEX OR
OF AN ENERGY PARK WITH CURRENT MILITARY ACTIVITIES IN THE PROJECT
AREA SHOULD BE EVALUATED.

POTENTIAL LEGAL BARRIERS TO LAND ACQUISITION SHOULD BE INVESTIGATED.

ALTERNATIVE DESALINATION TECHNOLOGIES AND A NUCLEAR ENERGY CENTER
INCLUDING DUAL-PURPOSE FACILITIES SHOULD BE EVALUATED. HIGH-VALUE
USES FOR VARIABLE QUANTITIES OF DESALTED WATER MAY JUSTIFY SOME DUAL-
PURPOSE CAPABILITY.

ALTERNATIVE TECHNOLOGIES, INCLUDING SOLAR AND GEOTHERMAL ENERGY
FOR THE POTENTIAL USE OF THE SALINE WATER RESOURCES OF THE TuLa-
ROSA BASIN SHOULD BE EXPLORED.



A PRELIMINARY ECONOMIC FEASIBILITY STUDY FOR THE ESTABLISHMENT
OF AN
ENERGY-WATER COMPLEX IN THE TULAROSA BASIN*

CHAPTER [

INTRODUCTION

The purpose of this study was to determine the ''preliminary feasibility" of the construc-
tion and operation of an industrial, agricultural, recreational complex based on desalting 500,000
acre-feet of saline groundwater, generating 2,000 megawatts of electricity, and recovering min-
erals from the saline water in the Tularosa basin of New Mexico. No assessment was made of environ-
mental costs or risks with the construction of the energy-water complex in the Tularosa basin,
hence the analysis is incomplete and therefore termed preliminary.

The Tularosa basin project is a plan for construction and operation of a nuclear powered
energy-industrial-agricultural complex based on desalting groundwater in southern New Mexico.
Plant components are larger than any previously incorporated into a single unit in the world.
This research addresses two critically important national needs. The first is the development
of energy resources in the area, and the second is to significantly augment the quantity of
water in the southwest. Every state in the intermountain and southwest area except one has a
net deficit of water to satisfy the projected needs to the end of the century for energy develop-
ment, agriculture, municipal growth, and wildlife protection (Figure 1).

The location of the proposed Tularosa basin complex has many unique essential features for
such a proposed development. The primarily favorable features are: (1) sparse population--the
development would not require the re-location of very many family units; (2) a large quantity
of unused saline groundwater that could be used for development of the area; (3) large areas of
state and federally owned lands which facilitate the development of a large irrigation project
because of the small number of owners involved; (4) a favorable climate for agricultural develop-
ment; and (5) the proximity to population and agro-industrial centers of the Rio Grande and
Pecos River basins.

However, there are two serious problems with the location. First, the building of a nuclear
energy plant within or adjacent to White Sands Missile Range may raise safety questions. In
addition, locating part of the water well field and development of some irrigated cropland with-
in the boundaries of Holloman Air Force Base, the White Sands Missile Range, and McGregor Range

of Fort Bliss may be cause for concern from a national defense point of view.

*Principal contributors to this interdisciplinary research effort: Robert R. Lansford,
Resource Economist, NMSU; Lynn Gelhar, Hydrologist, NMIMT; Raymond J. Supalla, Resource
Economist, NMSU; Marshall Reiter, Geophysicist, NMIMT; William D. Gorman, Agricultural
Economist, NMSU; D. B. Wilson, Chemical Engineer, NMSU; Stanley E. Logan, Nuclear En-
gineer, UNM; Richard Mead, Chemical Engineer, UNM; Allan R. Sanford, Geophysicist, NMIMT;
william Schulze, Resource Economist, UNM; Shaul Ben-bavid, Resource Economist, UNM; Fred
Roach, Resource Economist, UNM; Thomas H. Stevens, Resource Economist, NMSU; Bobby J.
Creel, Resource Economist, NMSU. Other investigators contributing to the research effort:
M. Igbal Akhtar, Agricultural Economist, NMSU; James Creek, Agricultural Economist, NMSU;
James A. Larson, Agricultural Economist, NMSU; Marie Matthews, Agricultural Economist,
NMSU; Mark Thayer, Rescurce Economist, UNM.
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Figure 1. Arveas of natural water surplus and natural water deficiency.

Source: U. S. Water Resources Council, The Nation's Water Resources,
U. 8. Government Printing Office, 1968, p. 3-2-4.

CONCEPTUAL FRAMEWORK

The original design of the research endeavor to desalt large amounts of saline groundwater,
generate large amounts of electric power, and recover several million tons of valuable minerals
each year was conceived by personnel at Los Alamos Scientific Laboratory (LASL) in about 1968
(Reinig, June 1973). A proposal to conduct a feasibility study, to determine the potential of
such a project, was then prepared jointly by the Los Alamos Scientific Laboratory and the New
Mexico Water Resources Research Institute in cooperation with New Mexico State University, Uni-
versity of New Mexico, and New Mexico Institute of Mining and Technology. This proposal was
submitted to the United States Atomic Energy Commission and other federal agencies for possible
funding about the time federal energy research was being consolidated and reorganized into the
Energy Research and Development Administration.

A research project was funded by the New Mexico Board of Educational Finance (BEF)} based
on a portion of the above proposal. The project funded by BEF envisioned generating 2,000 mega-
watts of electricity, desalting one-half million acre-feet of brackish groundwater, and recover-
ing minerals from the brine (Figure 2). The source of energy was limited to a nuclear power
plant generating steam for electricity production and desalting. The electricity produced was
expected to be primarily exported from New Mexico. A small quantity of electricity will pe re-
quired for the increased local demands induced by the project.

The desalted water in the BEF sponsored study would be used primarily by irrigated agricul-
ture with smaller amounts required for municipal, industrial, and recreational purposes. The
water for irrigation would be obtained by blending water from the well field with desalted water
at the rate of 1,000 parts per million {ppm}. A reservoir would be required to store excess
desalted water during some portions of the year for later use. The reservoir would provide
water-based recreation in addition to impoundment. Electricity would be required to pump

water from the desalting plant to the reservoir.
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Figure 2. Schematic of proposed Tularcosa basin energy-water complex.

It was expected that minerals would be recovered from the desalting brine providing additional
project benefits. The primary minerals for recovery were expected to be magnesium, potash, sodium

chloride, and magnesium oxide.
OBJECTIVES

The primary objective of this study was to obtain a preliminary evaluation of the economic
feasibility for a proposed nuclear-desalting complex in the Tularosa basin of New Mexico produc-
ing 2,000 megawatts of electricity and desalting a half-million acre-feet of saline groundwater,
To accomplish this objective, an engineering—economic benefit-cost analysis was used in the evalu-
ation of the complex. The benefit-cost analysis requires detailed estimates of primary benefits
and costs. Estimates of the following benefits and technoliogy costs were made:

1. Benefits

a. Electricity

b. Water

c. Agriculture
Minerals

e. Recreation




2. Costs and Technology

a. Energy, nuclear

b. Groundwater and extractian

c. PDesalting technology and cost

d. Mineral by-product recovery, technology and cost

e. Agricultural production
f. Storage reservoir
g. Water export alternatives
In addition, separate area studies were required on the land resource, ground-water resource,

and the economy of the Tularosa basin in New Mexico.
METHODOLOGY

The primary analytical method utilized in this study is benefit-cost analysis. Benefit-
cost analysis is a method widely utilized by the public sector to determine the economic effi-
ciency impact of investment alternatives. Costs are defined as the value of resources in alter-
native uses while benefits are defined as the value of output to consumers. 1If benefits equal
or exceed costs, the value of the output produced is equal to or greater than the value of re~
sources invested, and the investment is efficient.

Benefit-cost analysis assumes that the relevant budget constraint consists of both the
initial investment cost and annual operating expenses. Other investment criteria, such as the
internal rate of return, assumes that the relevant budget constraint consists of the initial
investment expenditure only (Eckstein, 1958; McKean, 1958). In the case of & typical private
enterprise, investment capital is usually the constraining factor. Hence, internal rate of
return analysis is the preferred criteria used to evaluate private sector investment alterna-
tives. In the case of public projects, the total federal budget is viewed as the appropriate
budget constraint {Eckstein, 1958). Thus, benefit-cost analysis is the preferred investaent
criteria for the evaluation of public projects. For purposes of this study, public financing
of several of the major components of the Tularosa energy-water complex is assumed.

The benefit-cost analysis was used to evaluate three alternative project designs at four
interest levels. The first was the project itself as originally designed: production of
500,000 acre-feet of water and 2,000 megawatts {MW) of electrical power from a dual-plant (nu-
ciear plant coupled with desalting plant) as well as the subsequent recovery of certain min-
erals from the reject brine. All water production is to be utilized within the Tularosa basin
by a greatly expanded agricultural sector and increased development of the municipal and indus-
trial sectors. Electricity production (after satisfying internal project power requirements)
will be primarily exported to surrounding regions in the Southwest, with only enough designated
for the basin (excluding internal requirements) to satisfy local needs.

The second Alternative was the production of power only. Water production would be limited
to an amount sufficient for satisfying cooling requirements, All power produced would be ex-
ported to surrounding regions in the Southwest.

The third Alternative was similar to the first in that water production, power generation,
and mineral recovery are equivalent. However, all water over and above Tularosa basin needs
(those that would have occurred without the project) is to be exported to the Rio Grande. Only
enough water to supply a "without project' Jocal economy will be maintalned within the basin,
All excess water remaining from the 500,000 acre-foot production is to be transferred. All net
power produced {which excludes the internal requirements) is to be exported to other regions

in the Southwest.




Tgé four interest or discount rates chosen were five, six, eight, and 10 percent. The
two lower interest rates (Ffive apd six perceng) were chosen to represent rates commonly used
for watgr-project evaluations, é%d the two higher interest rates are representative of the
lower range of publicly funded projects (muniéipai bonds). This range of interest rates
permitted analyzing the sensitivity of the results to changes in the discount rate.

Separate area studies have ‘Heen developed for each of the sub-objectives., These studies
provide input into the overall éngineering-ecénomic feasibility study as well as being sub-
stantive investigations of each itopic. '

A short research methodology section is included in each of the various study areas so

the reader can keep the methodoicgy used in that section of the report fresh in mind.

LIMITATIONS

1T§s was primarily an engineering-economic feasibility study, therefore, environmental,
sociological, anthropological, and political impacts of an energy-water complex were not con-
cidered in this study. [ the preliminary assessment indicates feasibility, then the environ-
mental;<social, and political inputs of the complex should be evaluated. The impact of the
energy-water complex on the White Sands Missilte Range, Holloman Air Base, and McGregor Range
of the Fort Bliss Military Reservation will have to be evaluated if portions of the complex
are to be located on these military lands.

8ecause an energy-water complex of this size has not been constructed or even planned using
saline groundwater, most of the available design and cost data were for desalting sea water and
had to be scaled up or down to take into account the change in feed water (sea to groundwater
supplies) far the desalting plant. All cost data were adjusted to the 1972-1974 time period.
Applicable technoiogy bases were in this same time frame, with the proposed complex assumed to
come on-line in the year 2000.

ijor'limitaLiong of this study (other than environmental, sociological, and political) are
the fixed ésbumptions on size of electrical generation capacity, source and type of nuclear
facility, quantity of water to be desalted, and the technology of multistage flash evaporation.
Because of the assumptions used, the project envisioned may not be an optimal size for the

Tularosa basin. Further research is needed to evaluate these guestions,
ORGANIZATION OF REPORT

Chapter I} presents a general description of the Tularosa basin including physical and socio-
economic factors. Chapter |Il is a review of the natural resources of the Tularosa basin. It
covers existing waler development, water quality, well quality, well-field site selection, water
extraction, and cost estimates, land resources, current land ownership and use, land use feasi-
bility, and project land use. Chapter IV covers the evaluation of desalination and electricity
genenaﬁfon alternatives. Chapter V discusses water transportation, the reservoir characteristics
and costs, and the recreation potential. Chapter VI discusses water exportation alternatives.
Chapteg Vil discusses local municipal and industrial potential generated from the energy-water
complef. Chapter V111 discusses the potential for irrigated agriculture using desalted water.
Chapter IX discusses the export market potential for the electricity generated from the complex.
Chapter X discusses market potential for the mineral recovery phase of the complex. Chapter XI
combines date from the previous chapters into a preliminary analysis of economic feasibility

under three alternatives: (1) the entire energy-water compiex; (2) electrical generation without
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CHAPTER |

BASIN DESCRIPTION

From a river basin viewpoint, the Tularosa basin is a part of the Rio Grande system; how-
ever, for purposes of this study, the Tularosa basin only includes that portion of the Tularos
basin within Otero County because project primary benefits and costs will occur in the Otero
County portion of the basin {Figure 3). Adjacent areas are taken into account in relevant ex-
port considerations.

The Tularosa basin is an elongated desert valley covering some 6,500 square miles of south
central New Mexico. The basin is bounded on the east by the Hueco and Sacramento Mountains; on
the west by the Franklin, Organ, and San Andres Mountains; on the north by a broad, high topo-
graphic divide and on the south by a subtie divide which separates it from the Hueco Bolson in
Texas. Land-surface altitudes within the basin range from 3,900 feet in the alkali playa flats
to over 12,000 feet in the bordering mountain peaks. The basin floor siopes gently southward
and contains numerous depressions. This basin has no surface outlet; as a result, the depres-
sions become temporary lakes during the rainy season and alkali flats during the dry season.

The following sections of this chapter are presented to give the reader a feeling for the

current status of resource use and availability in the Tularosa basin.

CLIMATE

The climate in the Tularosa basin is typical of the arid to semi-arid regions of the south-
western United States. Table 1 presents a summary of climatic information for the Alamogordo,
Tularosa, Cloudcroft, and Orogrande stations. Alamogordo, Tularosa, and Orogrande are typical
of the central portion of the basin and Cloudcroft is typical of the bordering mountains. The
mean anpual precipitation in the basin ranges from 3.8 inches in the central portion of the basin
at Orogrande to 25.4 inches at Cloudcroft in the bordering mountains. Precipitation on the slopes
of the surrounding mountains produce intermittent stream runoff that drains toward the center of
the basin, or moves as ground-water flow through the alluvial fans as interflow. The intense
summer thunderstorms produce high runoff of short duration, most of which flows into the playas
or alkali flats and evaporates,

Temperatures in the basin range from an average of about 61 degrees F. in the central por-

tion of the basin to about 45 degrees F. in the bordering mountains (Table 1}.

GEQLOGY

The large central part of the basin is underlain by unconsolidated bolson sediments of
Quaternary age; these sediments consist of material deposited in lakes in the center of the
basin and of aliuvial sediments deposited around the lake sediments by streams that once fed
the lakes. Lacustrine sediments in the basin consist mainly of minutely bedded silt and clay
with large amounts of secondary gypsum. Because of the gypsum, groundwater in the lake sedi-
ments is high in dissolved-solids content.

The alluvium, in contrast with the lacustrine sediments, is very poorly sorted, and con-
sists of sand, gravel, silt, and clay. It tends to be coarsest near the base of the mountains
surrounding the basin and becomes finer toward the basin center.

Pateozoic, Mesozoic, and early Cenozoic (Tertiary) formations crop out in mountainous




l . ' @ ' INDEX MAP

‘ A
TORRANGC E

NEW MEX1ICO

% Bingham,

S O C 0O R R:tO

)
VALLEY DF FERES STATE P;m(’

...,.._____._!\

@ ¥ Pine Lod c
Gscura Poak i’m »

- NATIONAL :
t‘/wm MTS

Capitan” " gt Capitan thtn.
008 |

3 Fort
; and Lrunoln
—— e e 4 . ‘ tanton - \

v
B/Anpus ETA
A“O FD»HEST e \Hondo
'nn‘l’mrici Tinnie
! A\ "
uxdosu Bowns Pi(ux'\‘

* Siorea Blang)
12008

maoso

MESCALERQEZS APACHE {
£ J L - §) Pajarita Min. i
1 Bent 7 soi4 !
L - Py 1
A L o Mesca erQp- Lo —_
=% ©0 T INDIAN B\ RESERVATION |-
= x i . '
\ Lk Silver i .
\uz lli'h : B e n mn e : C HA VES
\ 5 4 Lulilc ' Gratk; |
’ o .
Kiountan - .
_ Park P L e E|5~ '\
P y S M Nww?.; 3 Mayhl%l] ,‘ ’ g
- Mote i | BF T AR T
8097 * BY sactamento SO bt | { Dunken
D OR A Sunspot ?‘-’;" . Ll 24
ct XX 7) A Tren P
A N A ‘ on S R 105"

UATIONAL, 7 FOREST

6241
v

K Sands
Missile Ranb(

X 2 LAS CRUCES

University Pack

SCALE IN MILES

9 3 10 20 30 an

Figure 3. Map of the Tularosa basin, New Mexico




fible 1. Selected climatic data for stations within the Tularosa basin, New Mexice

o Units Alamogordoa Tularosa Urograndeb __g;ppdcroitb
Lievation (above MSL} feet 4,350 4,460 4,200 8,827
Average days above 32°F. days 209 211 NA NA
Averaps: frost-free period date Apr. 7-Nov. 2 Apr. 4-Nov. 1 NA NA
Mean annual precipitation inches 9.8 10.1 8.8 R
Maxbnum mean wonthly air temp. mo-°F. Jul.~79.7 Jul.-80.4 Jul.-81.5 Jul.-59.9
Minimum mean mouthly air temp. wo~°F. Jan.-42.0 Jan.-43.4 Jan.-42.0 Jan.-30.0
Average annpual air temp. °F. 61.3 61.7 61.9 45.0
MA: not available
akew Mexiico Interstate Stream Commission and New Mexico State Engineer Uffice, County Profile-

catrre Countn, Water Reaources Assessment for Planning Purposes, Santa Fe, New Mexico, 1975,
pp. L2-13.

b
U. S. Department of Commerce, NOAA-EDS, Monthly Normals of Temperature, Precipitation, and
Heating and Cooling Degree Days 1241-70, Climatography of the U. S. No. 81 (bv state),
National Climatic Center, Asheviile, N. C., August 1973.

areas surrounding the basin and underlie the unconsolidated Quaternary bolson deposits that floor
the basin. Here and there older rocks protrude upward through the bolson deposits. Usually the
older rocks are much less permeable than the bolson sediments and yield much smaller guantities
of water to wells, Locally, however, the rocks may be highly permeable where fractured ar, as

in the case of limestones, where honeycombed by solution channels. The quality of groundwater
contained in bedrock aquifers is highly variable, depending on the soluble mineral content of the
containing rocks.

Intrusive rocks crop out locally, forming relatively small parts of mountain masses around
the basin. Among the larger intrusive masses in the area are those of Sierra Blanca and vicinity
on the east side of the Tularosa basin and the Organ Mountains on the southwest side of this basin;
other examples are the Jicarilla Mountains and Gallinas Peak on the northeast side of the Tularosa
basin, the Jarilla Mountains in southern Tularosa basin, and the Cornudas Mountains in the Salt
basin (Figure 3).

Extrusive igneous rocks constitute an important part of the Terliary stratigraphic sequence
in the Tularosa basin. Quaternary basalt flows in the northern part of the Tularosa basin also

have extrusive igneous origins.
SOILS AND VEGETATION

tn general, soils near mountains are light and soils in the broad valleys at some distance
irom Lhe mountains (or near outcrops of clay or shale} are heavier. Caliche {secondary carbonate
cement) is frequently found in soils in the area.

The major soil associations in the Tularosa basin are the Pintura-Hueco-Wink, Yesum-Holloman,
Reakor-Russler, Pintura-Dona Ana-Berino, and Gypsum (Maker, Derr, & Anderson, 1972). The primary

use and potential of these associations are:



Sail Association Present Use Irrigation Potential

Pintura-Hueco-Wink Range and Military Reservation Suitabte
Yesum-Holloman Range and Military Reservation Very limited
Reakor-Russler Irrigated farming, range, and Favorable
Military Reservation
Pintura-Dona Ana-Berino Range and Military Reservation Suitable for
sprinkler
Gypsum Range, Military Reservation, and None

National Monument

The Reakor-Russler soil association offers the best possibilities for expansion of irriga-
tion in the basin and consists of approximately 270,000 acres located in narrow flat alluvial
valley areas at the base of the Sacramento Mountains {Figure 4). The Pintura-Hueco-Wink soil
association comprises an area of approximately 323,000 acres in the extreme southern portion of
the basin and offers suitable lands for irrigation. The Pintura-Dona Ana=Berino soil associa-
tion includes a large area, consisting of about 249,000 acres in the central part of the basin
dominated by sandy gently rolling to duny soils. These soils have a favorable potential for
sprinkler irrigation. The Yesum-Holloman soil associ