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e ‘;lIN‘TRODI.JCTION
ffjAlternativersourcestofrenergvaillfhave to be developed as the
'eavailebility:of traditionaltenergyaresourcee continues to diminish. -
. Arizoneiis_snpnlied;withﬁgeothermal,reserves'which=cou1d'potentially
fsuppiement‘the existing.energy-supplies.v'Consequently, planning efforts
~have concentrated on estimating the potential Ofageothermal energy utili-~-
ZatiOn,in;Arizona~and‘iniproviding-informationinecessary for its pros-
pective commercialization.'»' |

- Geothermal commercialization plans‘were,prepered for seven distinct
intrastate subdivisions.‘ The geothermal resource prospect,end the poten-
tiai geothermal uses for each'area are discussed in separate Area Develop-
ment"Plans'(ADPs) ~ The major objective of the ADP is to provide information
for the prospective development and commercialization of geothermal energy
in the specified area.: Attempts nre_made_to match the available geothermal
resources to,potential residentialg.commercial, industrial and agricultural
users, - ‘ |

This ADP is concerned with geothermal potential in Cochise and Santa
:Cruz counties. A total of five hot springs and 25 thermal wells are located
within the combined counties.. The water discharged from these hot springs
and wells may_be;suitable‘for epplications such as processvheet and space
ﬁheating'and cooling. Within CochiSe_County.there are two la;ge'firms
which:ere‘capabienof usingVZOOC (1589F) geothermeigveter tor;their’process :
_heat;reqnirenentsibut\the potential‘uee of‘geothermal‘energy,in Senta Cruz
Countydis iimited‘due to- the ehsencetot industry within‘the countv.v The
;amount‘oﬁegeothermal energv on 1ine'ae e,function of‘timerunder both pri-
vate andlcitveowned utility develonment is also predicted usiné a computer

simulation model.



AREA DEVELOPMENT PLANS

-Arizona has been divided into seven distinct single or multicounty
subdivisions for which Area Development Plans (ADPs) for geothermal
commercialization have been developed. A map of Arizona presented in
Figure 1 shows these areas which are numbered in order of plamning priority.

This ADP is concerned‘with Cochise and Santa Cruz counties. - Both
metric and English units are provided in the text. However, only metric
units appear in the tables and figures. For convenience, some common

conversion factors are listed in Table 1.

TABLE 1: SOME COMMON CONVERSION FACTORS

Length and Volume Conversions:

To Convert: Multiply By: To Obtain:
meters 3.281 feet
kilometers 0.6214 miles

cubic kilometers 0.2399 cubic miles
liters 0.2642 gallons

Temperature Conversions: °F = (1.8 x oC) + 32

GEOTHERMAL RESOURCES

Cochise and Santa Cruz counties lie entirely within the Basin and Range
physiographic province which is characterized by numerous mountain ranges
rising abruptly from broad valleys. At least four areas known to store
thermal water at relatively shallow depths of 1200 m (3940:ft) are located
within these counties, Numbered boxes in Figure 2 identify the three areas;
Table 2 gives the location of each of these areas along with rough depth,

volume and temperature estimates.

.
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. TABLE 2: PROVEN AND POTENTIAL RESERVOIRS OF COCHISE COUNTY OF LESS THAN 1.2 KM DEPTH

Modified from Witcher (1979)

Tr - Average Reservoir Temperature

Depth

Tr ( C) Geothermometr

Merhod

Area Lecétion : Voluge“ Measured (OC) '
(km ) Temperature “(km) . Temperature ( C)
1 T12-155, R28-31E  204.3 30-40 <0.30 60 " 60-85 | Chalcedony; Na-K~Ca
2 T13, R24-25E 15.5 130-50 - <0.61 60 © 60-70 ~ Chalcedony. '
3 T12-135, R21E 12.4 30-50 . <l.1 60 50-90 e Quartz, Na-K-Ca
4  T14-15S, R24-25E 30-40 70 tso¥110;f

80,5

<0,61

. Quartz‘,i Na-K-Ca




There are two hot springs located in Santa Cruz County. _The water
discharged from one of thése springs has a temperature of727°C (81°F)_ .
and a flow‘rate of 189 liters per minute with total dissolved solids of
450 parts per million. The other spring éischarges 28°¢ (82°F) water at
a flow rate of 190 liters per minute with total dissolvedréolids of 1000
parts per million.

Theré aré three hot springs located in Cochise County. .Wateridis-
charged from these springs has a temperature range of 25.5°c (78°F) to
52.0°C (126°F). Flow rates range from 4 liters per minutert0537 liters
per minute, and total dissolved solids range from 120 to 300 ?arts per
million. ’ |

There are a total of 25 thermal wells located within Cbcﬁiée County.
Water discharged from these wells has a temperature range of 35°%¢ (ESOF)
to 54.4°¢C (lBQOF). Well depth§ range from 145 m (476 ft) to 1280 m
(4200 ft) and total dissolved solids range from 231 to 1370 parts per
million.

A forthcoming state geothermal map compiled by the Arizoma Bureau of
Geology and Mineral Technology and published by the Nationmal Oceanographic
and Atmospheric A&ministration will provide a complete and upda;ed listing
of data concerning thermal well and spring locations as well as temperature
and depth estimates, flow rates and total dissolved solids. This map will
be available in late 1981.

ECONOMY
Population
The 1980 combined population of Cochise and Santa Cruz counties was

107,176. The total land area of 7,502 square miles gives the two counties

-6



a’population density of 14.3 persons per square mile. Ethnic breakdown
e;of}ﬁhe_populatien is;SZ;percént“white, 407percéﬁt Hispanic, 2 percent
,bleck, and Q.2 percent Indian.
| Growth |
ﬁieﬁorically, the population 0of Cochise County hae grown at.an
eenual .rate. of 3.0 percent; projections show steady, continued growth
»(see Figure 3). Growth is expected to be centered principally to the south
and west of the city of Willcox, the fastest growing city in the county.
| Santa Cruz County has traditionally experienced slow growth; however,
from~1968 to 1978 the population increased by 38;4 percent. Figure 4
ehowe that ﬁhe population of Santa Cruz County is expected to continue
to4fise more rapidly than it has in the past.“ |
Major“towns in the two counties and their;projected populations

to. the year 2000 are listed in Table 3.

TABLE 3: MAJOR TOWNS IN COCHISE AND SANTA CRUZ COUNTIES AND
THEIR CURRENT AND PROJECTED POPULATIONS

Cochise 1979 2000
Sierra Vista | 125,969 37,487
Douglas ' 13,342 - 19,160
Bisbee 410,119 14,155
Benson 4,333 6,153
Willcox ; 3,487 . 5,343

Santa Cruz = 1979 2000

. Santa Cruz 19,635 - - 32,950 -
Nogales : 14,646 126,502
Patagonia - 1,009 1,850

e
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Figure 3: Population Projections for Cochise County.
Source: Technical Advisory Committee (DES)
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Industry and Employment

The agricultural sector is of major importance to the Cochise County'
economy., The county, accounting for 43 percent of Arizoma's grain sorghum
and 90 percent of its corn production, is the primary producer of feed

. grain in the state. In addition the Willcox area produces 31 percent of
the state's hogs and 17 percent of its range cattle. In 1977, crop and
livestock receipts amounted to $61.5 million and $35.4 million, respectively.

Presently, agriculture accounts for only four percent of total employ-
mént in Cochise County; no significant changes regarding agricultural em-
Ployment are expected over the next 20 years. However, as the population
increases, employment in the trade and service sectors is expected to in-
crease from the current level of 20 percent of total employment to 26
percent by the year 2000,

Santa Cruz County's economy is based on tourism and international
trade with the wholesale and retail trade sectors accounting for nearly
50 percent of the total employment in the county. Although it is not the
county's fastest growing city, Nogalés is the most important in terms of
trade. Lying on the U.S./Mexican border, Nogales is expected to grow
rapidly as trade between the two countries increases.

Figure 5 gives current and projected employment levels for the various
sectors in Cochise and Santa Cruz countieé. As shown by the figure, the
service sector and federal government (civilian) and local government em-
ployment contribute significantly to the economy of the counties. Currently,
manufacturing employs considerably fewer people than do the service andr

government sectofs, but employment in manufacturing is projected to more

~10-
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;han double by the year 2000. - Construction employs even fewer people
‘than manufécturing and empio&ment iﬁ;cbnstrﬁctioﬁ is expected to decline
at’an annual rate of 0.9 perceng; | |

Income |

Poéitive growfh trends in both counties are also indicated by other
economic indicators. ’ Projections of growth of personal per capita income
Zfér ﬁoth counties are presented in Figure 6; annual growth rates for Cochise’
and Santa Cruz counties are 2.9 percent and 3.0 percent, respectively.
These income growth figures aré‘lower than those found in the more popu-
lous counties of Maricopa and Pima.

Other Economic Indicators .

' Other indicators of the he;ith of the economy include rééail sales
and bank deposits. Between 1968 and 1978, the value of retail sales in-
creased 209 percent in Cochise County and 153 percent in Santa Cruz_County;
bank deposits increased 189 percent in Cochise County and 354 percent in
Santa Cruz County over the ten-year period.

LAND OWNERSHIP

Figures 7 and 8 show general land ownership maps for Cochise and
Santa Cruz counties, respectively. Table 4 gives acreage breakdowns for
each ownershié class. Acquisition of surface and mineral rights varies
according to which sector owns the land.
ENERGY USE

Sulphur Springs Valley Cooperative, Inc. provides electricity to
Cochise County. Monthly electricity sales during 1979 for four of the
area's iargest users are shown in Figure 9; Residential éonsuﬁefs show

a high demand for electricity during the winter months when it is used

-12-
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Figure 9: Electricity Sales for Sulphur Springs Valley Cooperative, Inc.
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TABLE 4: - BREAKDOWN ‘OF LAND OWNERSHIP :IN.GOGHISE AND -SANTA CRUZ COUNTIES

- Cochise - . - nTotal‘ -~ Santa Cruz Total
A Acres T A Acres
" Federal 23 92,092 57 454,290
State 36 1,441,440 6 47,820
Indian ' 0 —— 0 —
Private . 41 1,641,640 37 294,890
. Total 100 4,004,000 100 797,000

for space heating.‘ aﬁhigh demand for electricity occurs again in the
summer months when it is used for irrigation and space cooling.

Citizens Utilities provides electricity to Santa Cruz County. Monthly
electricity sales during 1979 for four of the;area s largest users are shown
in Figure 10. Again, residential cousumers show high demand for electricity
in the winter months and in the summer months when it is needed for space
heating and space cooling, respectively. This pattern of electricity use
by the residential sector is not typical for cities such as Phoenix or
Tucson. For these cities, the use of electricity is highest in the summer
months when it is used for space cooling. Demand for electricity is lowest
in the winterrmonths-since,natural gas is used to heat the homes,

The Town of Benson, the Willcox City Government and Arizona Public
Service Co. are among the several utility companies that supply natural gas
to Cochise County. Natural gas;is used during the winter months for space
heating and is used year—round'to heat water. Figure 1l presents the
'estimated monthly natural gas sales for 1979 for both the Town of Benson and
the Willcox City Government.b For.the residential sector,rboth utility com=
: panies show a peak in gas sales during the winter months with usage dropping

off rapidly in the spring.
-17-
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WATER

Figures 12 and 13 present alternative fu;ures for water use in Cochise
and Santa Cruz counties, respectively. The three alternatives take into
account a.variety of factors such as population growth, industrial devel-
opment and consumer habits and lifestyles that will have an efféct on the
future level of water use in each county. The summary in Figure 12 shows
that projected urban water use for Cochise County is generally small in
comparison to total use. Water use by agriculture and the copper mining
industry, however, is substantial,

Unlike Cochise County, Santa Cruz County is primarily trade-oriented
and is expected to require a substantial amount of water for urﬁan water
use. Generally, the high and medium projected urban depletions are expected
to be in excess of 50 percent of the dependable supply; combined urban
and agricultural depletions will result in annual deficits. The need for
higher quality water for municipalities will further contribute to the
county's water deficiency as a total return of the wastewater to the
municipal supply is not possible.

Copper mining is a major contributor to the economy of Cochise
County, so a significant increase in water use associated with mining
is predicted. Santa Cruz County has no such large user.,

MATCHING GEOTHERMAL RESOURCES TO POTENTIAi USERS

Work performed in conjunction with the New Mexico Energy Institute
(NMEI) modeled geothermal energy on line as a function of time over the
next forty years. Thié ﬁodél ié‘discussed moré fully in Appendix A.
Figure 14 presents energy on line assuming a city-owned utility developed

the resource; Figure 15 presents energy on line assuming private

-20-



PROJECTED ALTERNATIVE WATER DEPLETIONS
AND DEPENDABLE SUPPLY
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Figure 12: Projected Alternatives for Water Use in Cochise County.
‘ Source: Arizona Water Commission. (1977)
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PROJECTED ALTERNATIVE WATER DEPLETIONS
AND DEPENDABLE SUPPLY
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Figure 13: Projected Alternatives for Water Use in Santa Cruz County.
Source: Arizona Water Commission (1977) = C
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Figure 14: Projected Industrial Geothermal Heat On Line Under City
Development for Cochise/Santa Cruz Counties.
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development. The difference between the two cases is attributed to
differing costs of capital."'

Results from*FigureS'l4\and'15 can be summarized as follows. Under
private development, geothermal energy would come on line in 1984 and
would climb rapidly until 2005 Under a city-owned utility, geothermal

energy would also come on line by 1984 and would climb rapidly until 2006.

rTable 5 reports the" results of the modeling in summary form in terms

of barrels of oil replaced by geothermal energy annually. The table shows
that in 1985, nearly twice as much geothermal energy wouldlbe on line

under a city utility>than undereprivate deyelopment.krAfter 1990; the amounts
of geothermal energy on line would be about the same under both types of

development.,

TABLE 5: BARRELS OF OIL REPLACED BY GEOTHERMAL ENERGY PER YEAR

Process Heat Market
Cochise and Santa Cruz Counties.

1985 : 1990 2000 2020
Private Developer 1,216,071 2,696,428 3,250,000 3,785,714

City Utility 2,553,571 2,839,286 3,303,571 3,803,571

Similar modeling»uas-performed for the residential and commercial
space heatingrmarkets; houever, these resultS‘have'been omitted since it is
believed that space,heating without the capability for space cooling is
not’economically justifiable. |

Several industries in. Santa Cruz County may be able to use geothermal

energy for their space heating and/or process heat needs. These industries
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located in Nogales, include Chamberlain Manufacturing Corp., Charles E.
Gillman Company, Irvine Industries, Incorporated, Pickett Industries,
Prestini Musical Instruments Corporation and Roper Chain Saw Division.
Agribusiness and agricultural industries in Cochise County were

ridentified Most agricultural processing is concentrated in corn and
sorghum; however, livestock processing is also important to the county's
economy. Currently, many of the agricultural products are exported to
California for processing. Geothermal energy might stimulate a local
industry by providing a low-cost energy source suitable forragricultural

and livestock processing.
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~,7‘A22endix A
-wfiwahe»New-Mexico.EnergyfInstitute:at.New.Mexico.State'UniGersity has

dével¢ped a computer simulation model, BTHERM, to assess the economic ' .

~feasibility of residential‘andpcommercial districtlspace’ heating, hot

‘water heating.,and.indust:ial process heating using low temperature geo-
thermal enérgy.‘ Another model, CASH, was developed .to depict the growth
of geothermal energy on line over the next 40 years as a function of price

of competing energy sources. A major assumption of these models is that

. geofhermal energy must be‘price-competitive,with.the lowest-cost con-

ventional energy source in order to assure market capture.

Development of a geothefmél resource is characterized by large capital
outlays, but a long-tefm,geothermél investment has the potential’ to provide
relatively inexpensive energy at a stable price. Unlike natural gas apd
electricity, however;Jgeothermalﬂenergy'iS'an:unknown energy involving
certain risks such as pricerand réservoir:life-and-the need for back-up
.systéms;"An analysis of the costs and economic competitiveness of geo-
thermal energybmust'take:these dncergainties into: account. Thus, costs
may be overestimated so that the benefits will not be overstated. .

BTHERM models the residential, commercial and industrial sectors of

a typical city, each sector having unique energy costs and energy system

physical parameters as well as different growth rates. The model possesses

the ability to model each sector individually and can analyze the application

of geothermal energy to new growth only, to conversion of existing structures

or to a combination of both. The model also has the capability to model

 both private ‘and city-owned utility development of the geothermal resource. -
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Output of the model includes the levelized price per million Btu of
delivered energy, the discounted present value of investment necessary
and the undiscounted values of investments for policy studies. Also, from
input of the price and price growth rate of conventional energy, the model
determines the discounted or undiscounted values for federal and state
taxes, tax credits, royalty rates, property taxes and consumer savings
due to conversion from conventional energy to geothermal.

- Certain limitations of the model have already béen suggested.  Costs,
for example, may bhe overestimated due to safeguards built into the model
to take into account the risks associated with geothermal energy. This.
overestimation of costs miéht result in the exclusion of a potential useﬁr
of geothermal energy. Another limitation is that the price of natural gas
is taken as the price of competitive (conventional) energy, but not all
.users have access to natural gas.

The output of the model is not a substitute for detailed engineering
design studies but it is usefﬁl for determing order—of-magnitude costs

and potential benefits of geothermal energy development.
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