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ABSTRACT

A growing demand for energy production in Arizona has increased the
need for assembling and analyzing water resource information relative to
energy production, especially electrical power generation. Unit water
requirements for cooling of electrical plants, combined with projections of
future electrical power demands in Arizona, provide a perspective on future
quantities of water needed for cooling.

Probabilistic estimates of storage reserves in Arizona groundwater
basins indicate that some prospective plant sites can be supplied from
groundwater for the 30 -year life of the plant, while others cannot. An

estimate of comparative cost for supplying groundwater versus municipal
wastewater for cooling electrical plants at selected sites in Arizona showed
that use of wastewater would result in considerable savings over use of
groundwater, at all sites considered.

Key Words: Cooling Water, Information Retrieval, Nuclear
Powerplants, Southwest U.S., Water Reuse
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INTRODUCTION

The rapidly growing demand for energy production in Arizona and the

Southwest has given rise to a need for assembling and analyzing water

resource information on both the input and output sides of the production

process: (1) Sources of water as an input for cooling in power plants; and

(2) salvage of the discharge water from power plants for potential beneficial

reuse. Accordingly, this project was formulated initially as a resource

information activity, with the further purpose of indicating the possible

application of such information to power plant siting.

OBJECTIVES

The objectives of this project as stated in the research proposal

were as follows:

1. Assemble and index all available information on the following:

(a) Current and near -future water requirements for generation of electrical

energy in the Arizona region, in terms of quantity, quality, and time varia-

bility of water requirement; (b) water and wastewater sources applicable to

power generation cooling requirements; (c) characteristics and potential uses

of rejected heat and blowdown water; and (d) potential water sources and uses

related to dual -purpose plants for desalination and power production.

2. (a) Develop a land use grid of the lower Colorado River region

(Arizona) indicating availability of water for power generation considering

the efficiency and type of power plant, mode of heat rejection, and alter-

native uses of the water; and (b) evaluate and develop appropriate techniques

for computerized presentation of hydrological siting criteria.

For the most part, Objective (1) above was completed as planned.

Objective (2) was initiated, but as it progressed, several other computerized

locational grid systems came into broader use both locally and regionally,

and that part of the work accordingly was directed along somewhat different

lines, as described in the following sections.

METHODS OF ANALYSIS

Research was initiated by setting down a summary of water sources and

uses in Arizona (surface flow, groundwater, and potential water imports,
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allocated to agricultural, municipal and industrial uses) followed by an

estimate of current and future electrical power demands in Arizona. Unit

water requirements for electrical plant cooling were determined for various

types of plant design, so that total water needs for power generation could

be estimated.

Alternative sources of cooling water then were examined; since unappro-

priated supplies of surface water are extremely scarce in Arizona, the two

alternatives of groundwater or reclaimed wastewater were considered. For

ten locations in Arizona which could be possible power plant sites (see map),

cost -comparison estimates were made for supplying all or part of the water

requirements for cooling a 500 MWe plant from groundwater supplies or from

reclaimed sewage waters. To identify wastewater sources throughout the state

of Arizona, a wastewater inventory completed by the Arizona State Department

of Health (1973) was used as a base. That compilation showed that about

145,000 ac -ft /yr of treated wastewater was produced at fifteen locations

in Arizona in quantities of 1.0 million gallons per day (mgd) or more at

each location.

For two of the power plant sites, where sources of treated effluent

were large enough_ to supply the total requirement for a 500 MWe plant, a

detailed comparison was made. Purchase prices of effluent were assumed to

be $5 and $10 per acre -foot, and the actual cost of pumping groundwater was

calculated using U.S. Geological Survey data for water levels, drawdown,

and dynamic lift. A summary of this site examination, as detailed by

Smith, DeCook, and Fazzolare (1974), is presented later in this report.

Relative to Objective (2), the initial procedure was to develop a

land -use grid for the state of Arizona, based on a six -mile- square or

township coordinate system. The grid system was designed to indicate the

availability of water for power generation cooling, considering the

efficiency and type of power plant, mode of heat rejection, and the alternative

uses of the water. The input information was in a format such that it could

be computer- accessed by geographic location. As this program was being

developed, it became evident that several other computerized land -grid

systems for Arizona were simultaneously being formulated, including parti-

cularly that of the Arizona Water Commission which utilizes a very similar
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grid for storage and access of statewide groundwater data in the water resources

inventory phase of the State Water Plan. In order to avoid duplication of

effort, this objective accordingly was altered, and a method of probabilistic

analysis of long -term water availability for power plant site selection was

developed, as outlined below. The full analysis was completed and reported

by Wong (1974).

A standard site selection process was followed, in which the factors

affecting siting are identified, weighted by their importance, and compared

by location, the basic techniques being the system screening and ranking

processes. The analytical method used in this study was based on probability

techniques to predict the outcome of siting parameters related to water supply.

To illustrate the technique, some representative sites in Arizona were

examined, as follows. The potential physiographic /groundwater basins are

initially screened with reference to specific site selection requirements.

Then a probabilistic value predicting water availability or sufficiency is

obtained, by (1) estimating and projecting the quantity of water available

in each candidate valley for the lifetime of the plant (assumed to be 30

years) by a probabilistic mathematical model; and (2) calculating the total

quantity of cooling water required for the lifetime of the plant, by

estimating the annual cooling demand assuming a 1000 MWe light water reactor

power plant design.

Twenty -four groundwater basins in Arizona were listed as potential

areas where groundwater storage may be sufficient as a source of supply for

the projected 30 -year life of a power plant. After screening with respect

to land availability and seismic characteristics, the list was reduced to

seven basins or valleys, of which three were then selected arbitrarily for

examination to illustrate the method -- McMullen Valley, Waterman Wash or

Rainbow Valley, and the Ranegras Plain.

The analytical procedure used in projecting water supply and require-

ments for Ranegras Plain is described briefly below as an example (Wong, 1974).

In estimating the volume of groundwater in storage in the alluvial

aquifer, the effective depth of water -bearing alluvial material was considered

to be 550 feet, which marked the average depth to the top of a sequence of

relatively impermeable clay or silt strata. The typical alluvial basin,
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which is elongate in a northwest -southeast direction in the Basin- and -Range

physiographic province, is considered to be trapezoidal in cross -section with

a side slope 30° from vertical, assumptions which allow simplicity of

calculation for the model and which seem not unreasonable in view of the

high -angle normal faulting and depositional history common to many of the

basins of the region. The unsaturated thickness of alluvium (or depth from

land surface to static water level) was obtained from U.S. Geological Survey

records for various years and for various wells throughout the valley.

This depth, x, ranged from 48 feet to 267 feet in the Ranegras Plain in

1971.

Accordingly, the 1971 estimated volume of water in storage in the Ranegras

Plain groundwater reservoir ranged from 16.45 to 29.03 million acre -feet, where

volume

V 1 /2(a +b) (_550 -x)Lj,

and

x = depth to water in feet
= specific yield, estimated as 12% throughout

W = 15 miles = 7.92.10 ft (width of the valley)
L = 50 miles = 2.64.105 ft (length of the valley)
b = W - 1100 tan 300
a = b + 2 (550 - x) tan 30°

Assuming normal distribution of the estimated volumes, the mean and

standard deviation were found, so that

V1971
-N(22.44.106AF; 5.702)

Next, the record of water levels for the ten years preceding 1971 was

examined; the volume of change in water storage was calculated from the

yearly change in water level and was projected into the next ten years by a

least- square linear model. Mean values for the annual change in storage

were calculated for each year, and for 1981, when the plant is assumed to be

ready for operation, this value is 0.0953 million acre -feet per year (MAF /yr)

and the projected amount of groundwater in storage in 1982 is 21.70 MAF.

Assuming the annual change in storage continues at the 1981 rate for the

30 -year lifetime of the plant (1982 to 2012), the volume V2012 would be

18.84 MAF. However, the total amount of makeup water for a 1000 MWe (LWR)

power plant during the 30 -year period is estimated as 1.05 MAF, so that

actual predicted remaining volume in 2012 is 17.79 MAF. The calculated
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probability of having no available water left in the valley by that time

is P(Ú2012 `O) 0.127%.

PROCEDURAL FINDINGS AND CONCLUSIONS

Water Availability and Power Plant
Site Selection

In order to perform a more meaningful analysis of water availability,

each groundwater basin should be analyzed separately, making reference to the

distinctive hydrological parameters of each basin rather than using a general

model with common values for all basins. Total volume of saturated sediments

can be determined more accurately with additional knowledge about the geology

and hydrology of each basin; specific yield of alluvial materials varies

from place to place; and the depth or aggregate thickness of water -bearing

strata can be more clearly defined with more hydrogeologic data.

A probabilistic type of analysis can be applied to other siting factors

where parametric randomness is apparent, as in predictions of seismic and

meteorological conditions related to earthquakes, hurricanes, and floods.

A final probability on the acceptance of a site location can be determined

by combining the probabilities of all the physical requirements.

As stated by Wong (1974),

The value of treating physical phenomena
probabilistically rather than deterministically
is to provide a more meaningful weighting factor
for evaluating the outcome of the phenomena.
Deterministic models are inadequate for
evaluating parameters subject to random fluc-
tuations... From the statistical model, future
predictions can be made and provide a base for
engineering decisions.

Water Requirements and Sources for
Power Generation

Descriptive findings on water requirements and sources for power generation

were stated initially by Smith et al. (1974) and were developed more fully by

Smith (1976). Results of the former work are summarized below.

The population of Arizona in mid -1972 was approximately 1,963,000. It

was estimated that average monthly electrical generation in Arizona during

1972 was 1.43 x 109 kilowatt -hours (KWH); the average Arizona per- capita
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power use was 0.995 KW.

The growth rate for power demand in the state was estimated as 7.9 percent

per year for the 1970 -1990 period. As a result, it was projected that Arizona

peak electrical power demand in 1980 and 1990 will exceed that of 1970 by

5000 and 16,000 MWe, respectively.

For each 1000 MWe unit of installed capacity, the consumptive water

requirement for cooling can be approximately determined, depending upon type

and design of power plant. Water consumption for various plant designs is as

follows (in acre -feet per year for a 1000 MWe design):

Plant Type Evap. Losses Blowdown Total

Fossil 11,500 2,250 13,750

HTGRa 14,300 2,910 17,210

LWRb 18,800 3,710 22,510

a. High temperature gas cooled reactor.

b. Light water reactor.

A nuclear power plant of the conventional light -water reactor type may

require about 25 acre -feet of water per year per MWe, or approximately 22.4

million gallons per day (mgd) for a 1000 MWe plant. Since the per -capita

production of sewage in the urban regions of Phoenix and Tucson is approximately

100 gallons /day, it is evident that a population unit of 224,000 would produce

a supply of wastewater sufficient to satisfy the cooling requirements of a

1000 MWe plant, which in turn would provide electrical power to serve the

per -capita needs of 625,000 persons.

The following tabulation shows the results of examining two localities,

Tucson and Flagstaff, Arizona, for costs of supplying power plant cooling

with municipal wastewater rather than with local groundwater. First, the site

elevation, urban area population, and 10 -year rate of population increase are

given. These high population growth rates portend the greatest future potential

both for electrical need and for wastewater production. The 1974 rate of waste-

water production is listed in mgd, in acre - feet /year, and as a percentage

of the cooling water requirement of a 500 MWe plant. The cost of purchasing

all this wastewater or (in the Tucson case) enough to cool the plant is then

shown, assuming wastewater purchase cost is $5 or $10 per acre -foot.
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SAMPLE OF SITE EXAMINATION

T

E

TUCSON FLAGSTAFF

ELEVATION 2200 FEET 6780 FEET

POPULATION 262,933 '70 26,117 '70

POP, INCREASE 23,5 % 60 -70 43,4 % 60 -70

W
A

GE

PRODUCTION MG /D 36.0 3,0

ACRE -FEET / YEAR 4.0,741 3,414

% OF COOLING OF
500 MWE. PLANT 340 28.4

COST /YEAR a $ 5 $ 60,000 $ 17,070

a $ 10 $ 120,000 $ 34,140

H
Y

D
R

0
L

o

Y

E

C

STATIC LIFT 369 FEET 1221 FEET

DRAWDOWN 733 FEET 208 FEET

DYNAMIC LIFT 1102 FEET 1429 FEET
-

COST PER ACRE-FT
WATER AT THIS LIFT $ 3050. $ 39,40

SEWAGE COST EQV,. $ 366,000 $ 135,000

DIFFERENCE $ 246,000 $ 101,000



9.

The alternative unit cost (fixed and variable) of pumping groundwater

at each site is calculated, using actual well data and assuming pumpage from

one concentrated point of extraction. The "Sewage Cost Equivalent" in the

table is the annual cost of pumping a quantity of ground water equivalent to

the quantity of wastewater available at the associated site. The "Difference"

is the annual savings realized by using wastewater rather than groundwater,

assuming the cost of wastewater is $10 /acre -foot.

As summarized by Smith et al. (1974),

It is concluded that the utilization of reclaimed
wastewater is a viable and attractive alternative
to groundwater pumpage from both economic and
ecological standpoints. In all sites considered,
use of wastewater resulted in significant savings
over use of groundwater. Benefits arise from
conservation of fuel normally required to operate
well pumps, costs of well replacement are not
required, and a previously unused resource is
effectively recycled. Furthermore, quantities
of fresh water would be released for consumption
by alternate users.
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