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1.0 EXECUTIVE SUMMARY

1.1 Introduction '

vaindling oil supplies and dependence on foreign o0il have encouraged
va'more intensive review of'elternative energy resources. Geothermal energy
reserves are abundant in the western U.S. and may be able to supplement
thie country's.energy snpply.’.Consequently; planning efforts have been
directed toward estimating the potential of geothermal energy utilization
_in Arizona, and.for providing information necessary for its prospective
commercialization. :

In the past there has been. a lack of both awareness and development of
geothermal energy in Arizona. Investigation and planning could prov1de a
base from whieh'interested developers of geothermal energy can operate in the
future. This project will clearly benefit Arizonanand the U.S. as a whole
in that ankimportant step will have been taken toward developing an alterna-
tive energy form in the state.

The main empha51s fbr this prOJect is to produce ‘plans and provide
" information for geothermal energy eommercialization. The teohnical approach
for achieving this goal is to characterize geothermal resources and possible
users. Further, evaluations of geothermal applications have been conducted‘
where specific proven orpotential geothermal resources correspondpwith specific
: applications.r In the past, these have been referred to as Site-Specific
Development Plans however, the label,evaluation of geothermal applications
- more accurately portrays the nature of the work done by the Arizona Geothermal
Commercialization Team. AAdditionally, a program of direct interaction with
‘bneinessdand commumitvvleaders hae been undertaken. Severallapproaehes
~have been teken; inclnding the,pubiioation of a‘monthly neweletter, to

,inerease awareness of geothermal resources and uses, and to open channels




for further communication.

1.2 Introduction to Project

The Depértmént of Energy (DOE) through its San Francisco Operations
Office has delegated responSibilities for the commercialization of geothermal
energy in Arizona to the Arizona Solar Energy Commission (ASEC) via a
cooperativelagreément. The ASEC assumed authority for monitoring the pro-
gress of the pioject through its director James Warnock and its associate
director Frank Mancini. The ASEC in turn subcontracted the planning
activities to the University of Arizona.

The Arizona Géothermal Commercialization Team consisted of two key
personnel, three support personnel and additional temporary personnel. Key
" personnel are: ;1) Frahk Mancini, PhD, Prpject Aﬁmiﬁistration. Dr. Mancini's
responsibilitiés included‘monitoring the progress of the project and serving
_asljaisdnbetween the Arizona Geothermal Commercializatioﬁ Team and the DOE;
2) Don H. White, PhD, Team Leader. Dr. White's re5p§nsibilitie$ involved
coordinating and monitoring all the data prpduced by workers on the project,
§uggesting‘and analyzing ADPs, suggesting and‘analyzing geothermal applica-
. tions, and editing all repofts written‘fbr this project. Support'personnel
arei l)lLarry Goldstoné,‘?rojectvCoordinator. H;s resppnsibilities consisted
of coordinating'al;,the_worker#ton thé project, technical analysis of the
ADPs énd evaluation ahd préparétion“qf ggptﬁefmal applicatiohs; 2) Greta
JenSén, Group Leader. Her:rgsponsibiiitiesinéluded éﬁalysis of énérgy
develOpmen:s_and)ecpnomi;s in Arizgna, and ﬁrebaration of ADPs; 3) Lani
' Maiysa, Group.Léa&er. Hef resﬁonéibilitiesincluded anaiysis of institutional
" and environmental prqcedures. Theréwere a numbér of additional temporary
pérsonnel in?glvedAin_this project.’ Their tasks are listed in the organiza-

tion éhart:of the Arizona Geothermal Commercialization Team (Figure 1-1).

2
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ARIZONA SOLAR
- ENERGY COMMISSION
~J. Warnock-Director
F. Mancini~-Project
Administrator
— L
" Team Leader
" Don H, White ~ADVISORS
5 ' Dr. H. Frank - Economics
t Dr. D. Wolf = Technology
- Project | Dick Hahman - Resources
Coordinator
Larry Goldstone
UTILIZATION ECONOMIC INSTITUTIONAL | OUTREACH
TECHNOLOGY .-EVALUATION URBAN/LAND PLANNING .
Several part-time - “. Group Leader - - . Group Leader - , Journalist
Engineers . Economist Political Scientist
-Technical Evaluation Economic Evaluation Regulations Potential Users
Site Specific Plans Area Development Plans Legislative | Developers

- Technical Service ' .

Site Specific Plans:

Figure 1-1: Organizational Chart

Urban/Land Planning

Arizona Geothermal Commercialization Team
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Public Relations
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The year 1980 is the third year for the Arizona Geothermal Commercializa-
tion Team's.involﬁement in planning for geothermal commefcialization within
the State of Arizbna. At the outset of 1980, Arizona was moved from Region
xzto Region IX jurisdiction of DOE. During the first year of the project,
an appraisal of potentialAgedthermal resources and uses was undertaken.
Efforts were'directed,towérd a survey of the geology of the state, the
identification of potential resources, and twenty-two possible applications
of geothermal energy specifically suited for Arizdna.b In the second year,
the Ari?ona Team took the planning phase one step further. Nine geothermal
~applications were considered in detail, four regions of the state were
'studied 45 Area Development Plans, an’inétitutional analysis was completed

and an outreach program was initiated, The present year's work represents
a conﬁinﬁatiqn of work not yet completed during past years aé well as some
| neW]tasks.vb |
1.3 ‘Objectives

The oveﬁall objectivqs of the Arizona Geothermal Commércialization
Team have been torprodﬁée geotherﬁal deVelopment;pians’fo be used_by the
privaté sector and.to piovide a source of information for interéstedfparties
in the‘state.b These:pbjectives wé?e met thrbugh a balanced plannipg and
oufreach piogxéﬁ encbmpéssiﬁg:seVen-sbégifié_tasks, 2Ba¢h taskkblayed a
significant rﬁleliﬁ providingbassistahce td‘pbtential geothermal developers
and are_defined aS followS:' | -
“i) Thé formulation of Area Devélopment Piansvinvolved the compilation and
énalysis of detailedvenergy and:economic data.for three areas in the state.
The result’of.the§é7studies'are:a detgrmination10fvpoténtigl market penetra-
tionvof géoéhermai energy iﬁ each'gfvthe>é:éas investigated. Also, potential

~ developers were identified from the residential, commercial, industrial




and»agriculturalrsectors.

v2)” The:evaluation:of geothermal appllcations, or Site Specific Development
Analyses, involwed preliminary engineering and economic analysie for
selected applications for geothermal energy.in Arizona, looking particularly
at:resource locations and given uses. Such analyses provided technical
aSSistance'to possible private and publlc developers of the resource.

3) The evaluation of geothermal resources provided information on Arizona:
‘geothermal resourcellocations and characteristics. Results.of this task
included reporting reservoir temperatures and reporting on leasing and
exploration activities within the state.

4) In certain instances, more ebmplete-engineering and economic analyses
were perforneq_as”deemed appropriate,based onfthe resulte of task 2. Such
studies reeulted in detailed technical researeh_fbr promising geothermali
applications. | |

5)§‘Avprogram of teehnieal assistanee was also provided during the year.
This program involved limited technical assistancebto\the public and
privatedseetors,in Arizona who were interested in commercial geothermal
‘energy_applications. Y

re) ;Growth pattern\impacts werekalso studied to provide a hetter understanding
- of the role of'geothermal energy in a fast growing state such asrArizona.
Effects of populatlon and econom1c growth patterns were evaluated to
vdetermlne the 1mpact on the potent1a1 commerc1allzat10n of geothermal
energy. |

7) An outreach program for the purpose of prov1d1ng 1nformat1on was con-
tlnued durlng the year, prlnclpally by the’ pub11cat10n of a monthly

newsletter.




1.4 .Area Development Plans

| During 1979 fhe'14 counties of the stéte,kere organized into seven
brégional areas for purpo$es of planning the future use of geothermal energy.
Work during 1979 was_concentratéd in the Southern portion of Arizona,
especially_ﬁithin Maricopa and Pima Counﬁies wheré the méjdfity of the
state's population resides. AFigure '1-2 shows the divisions within Arizona
for planning purposes. With respect to Arizona's seven planning areas,

four were analyzed during 1979,

© Priorities ' ' -~ County Names
I) Maricopa 1. Apache
II) Pima 2. Cochise
III) Graham/Greenlee 3. Coconino
IV) Pinal . 4, Gila
V) Yuma 5. Graham
VI) Cochise/Santa Cruz 6. Greenlee
VII) Northern Counties 7. Maricopa
: 1,3,4,8,9,13) -8, Mohave
- : 9. Navajo
10. Pima
11. Pinal
12, Santa Cruz
- 13.  Yavapai
14, Yuma
Figure 1-2: Geothermal Planning Areas

lb Dﬁring 1980, the rémaininéithrée areas of the stéte were analyzéd and |
the infbrmafioﬁkfbr the prévioﬁsly édmpleted four'areas was updated; |
ﬁetailed infbrmafion‘was-gathered on popu1ati6h”and bopulation‘growth, land
, status;'wéfer!aVaiiability,,inau;t:y and indu#tri#l grqwfh, various economic
indicators, eheréy use patﬁérns; aﬁd energyvpriéeﬁ; Results of this work
will bé input'tO'NéW Mexi&denergyvinstitutéﬂtNMEi) forvmodeliﬁg=gebthérm31 

energy on line between 1980 and 2020.



1.5 Evaluation of Geothermal Applications

Based on the recommendation of the preliminary study of 1978 and
recent developments in the state, evaluations were completed for ten
geothérmal applicatioﬂs (previously‘célled site specific development analyses).
It is importantAto note that none of these applications are under actual
development at this time.  The technical, financial, environmental and

institutional aspects of each were studied.

1.5.1 Space Cooling and Heating

| fhe_heating aspects of this task have been completed. Thérefore,
during‘1980,.attention was devoted to applicatibns of absorption chillers
and heat pumps_to potehtial'uéers in fhe state.

- 1.5.2° 'Geothermal Power Plaﬁts

The Siate of Arizona is experiencing a fast groﬁth in population.

The populace has more than doubied;in membersrin the last twenty years,
totalling 2.63 million in'1979. The population in the year 2000 has been
projected‘to be 4.28 million. With this constant increase in population,
a need for an increéSe_in ¢1ectricity production becomes inevitable.
Aécording to a étUAfkconductéd underjthe dirg;;ion of the U.S. Department
of Cbmmérce.tﬁe'ﬁetlgengrating,capaéity available tO'Arizona'fTom’ ;
power plants was about 7,699 M_e‘gawat‘:tvs:“(LM) in 1976; while the net
| generatingrcapacity thétvwill'ﬁe heedéd'in_the yeéi 2b00 is‘19}375 MW,
Thus mo?e plahts génerating powér_wiil-be needed.J Utilities in Arizona
éré aware of this iﬁcréased‘demand fér’eléctricit},and are p}anning to
vincreaSe theif future prodpétion c§paéity by Bnilding new power plants.
Most of these new plénts will be{coalffired, the‘rest Wili bé nuclear

power plants. These power plants might face strict environmental and
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safety regulations that could cause electricity prices to rise in a few

~cases, and may hinder the development of some of these power plants., Con-

sequently, in order td meet the future demand for electricity, it becomes
df parambuht importance to utilize the available energy résources in the
state. |

Geological studies have shown that some geothermal prospects in
Arizona are likely to have fluid temperatures above 150°C and might be
suitable for use in power production. Most work on this application was
completed during 1979 and a minimum of new work was completed in 1980.
This infbrmatioﬁ was to be input to NMEI in order to obtain a cost estimate
on a geothermal power plant.

1.5,3"Geothermal-Assisted‘C0ppér‘Dump Leaching

Arizona is the largest copper-producing state in the nation and this
industry is expected to grow in the future due to the large copper reserves

in the state. Currently there are about fourteen operating mining locations

in the state. Preliminary work onvthis application was begun in 1979.

Wbrk completed during 1980 consisted of efforts tovviSit copper mines in
Arizona and to refine coSt,studies; ‘Future interactions hopefully will

lead to a commercial geothermal project,

1.5.4 In-Situ Leaching of Uranium, Zinc and Copper
‘During 1979, the Arizona GeothermalLTegm ¢va1uatéd the feasibility of

the integration of geOthermal resources with the in-situ leaching of

uranium (firsﬁprioritﬂ,and copper (second priority). In-situ leaching

b‘utilizes the existing sulfuric acid capacity and existing commercial

technology of chelating agents in liquidfliquid extraction to recover

these valuable metals‘from very impure solutions. Work on this application
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consisted of efforts to define the geological mining criteria .necessary
for each type of ore. Also, a study of chelating agents was undertaken.

1.5.5 Geothermal Steam Turbine Pumping

Arizona's agriculture is based on ifrigation. Most of that irrigation
water is underground water that must be pumped to the surface for use. Thus,
a substantial amount of natural gas and electricity is used to power these
pumps. In the future, geothermal energy might be used in some agricultural
~areas to power the pumps. During 1980, pumping requirements and land area

involved was evaluated for the irrigated areas of Arizona.

1.5.6 Direct Thermal Use for Food Processing

Arizona has a few food precessing plants mainly in the Phoenix and
Tucson areas, but the potential for growth in this industry is believed
~ to be high. ThlS 1ndustry is a good potential user of moderate-temperature
geotherhal resources. Work for 1980 on this application consisted of
assessing current and future food'processing trends, crops likely-to'be
grown in Arizona, and temperature requirements for processing loc31 crops.

'1.5.7 Geothermal Energy Utilization in Modérn Cattle Feedlots

- The cattle feedlot business:is an important segment of the Arizona
economy . Most of Arizona's feediots are‘movihg from the Phoenix area to
:the agricultural belt extendlng from Casa Grande to Yuma. Modern technology
is beg1nn1ng to 1mpact upon the cattle feedlot bu51ness,‘espe01a11y due to
the pressures of rising grain end energy costs. ‘There is a fundamentally
sOund basisvfor expecting futureVCand existingj feedlots to become larger,
more 1ntegrated business operatlons. Essentielly a11 ef the>energy fequire-
ments of the new developments in cattle feedlot operatlons are low-tempera-
ture in nature, Thus, geothermal energy may‘prove important in future

cattle feedlots.




Recent work on this application included identifying the existing
feedlot and elfelfe operations in Arizona. Assessments of energy and
‘temperature requirements'onvthese existing operations was also completed.
In addition, the integration of an alcohol plant (for gasohol purposes)
and a cattle feedlot were investigated in detail. |

1.5.8° Geothermal-Aesisted'Coal'Power Plants

There_ere a few coal-fired power plantS‘under construction in Arizona,
e.g., in the areas of Springerville and Willcox. More units will be con-
structed in the next ten vears in these and other areas in the state.
Geothermal brine may be usedvprimarily to pre-heat the make-up water and
then coal is used to convert this water to process. steam. ‘This idea has
been studied;by the City of Burbankfs Public Service Department to be
applied in the City of Bumbank;in Celifornia. ‘The"evaluation of a similar
applieation in Arizona may be advantageous. 1980 woik on this application
consisted of summar1z1ng the City of Burbank study of a hybrid geothermal/
coal-flred power plant and applylng it to future power plants in Arlzona.

1.5. 9 Satellite Urban Development

Under this app11cat10n, work was done on p1ann1ng for the development
and growth of a new or exlstlng community based on geothermal energy.
,Requlred populat1on and local necess1t1es were deflned Research conducted
-at Arlzona State Un1vers1ty proved useful 1n analyz1ng thls app11cat10n.

l 5 10 Geothermal-A551sted Aquaculture

Studies have ‘shown that some fxsh.grow much fester in warmer water.
~Similar work has alsorbeen done on shrimp},,Studies'have been done to

determinejwhether>geothermal water can supply the right environment to
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induce faster growth in fish and shrimp. 1980 work on this application
cOnsisteo of reviewing current work done by E.G. & G., Idaho and the
University of Arizona. Possible’sites were located in Arizona based on
the,environmental requirements of the shrimp and other seafoods.

1.6 Continued Evaluation of Geothermal Resources

The Arizona Geothermal Commercialization Team continued to provide

- information on geothermal resource locations and qualities, including that
on federal lands. Leaeing activity was also reported. This task involved
liaison with the Arizona Bureau of Geology and Mineral Technology, other
state agenc1es and geothermal developers. Particular emphasis was placed
on evaluatlng the geothermal Tesource 10cat1ons and qualities in the re-
ma1n1ng three ADP's,

1.7 Engineering and Economic Analyses

The Arizona Geothermal‘CommereializationFTeam made more complete
prelimina:y engineering end»ecohomie analysee of specific technologies as
needed‘for Task Z;Vutilizihg when possible,‘the‘services of New Mexico.

" Energy Institute; E.G. § G. Idaho, Inc. and other organizations in the western
statee and within the federal goverhment Technologies that were studied
in depth 1nc1uded a gasohol plant and the coollng/heatlng of a new communlty.

1. 8 Techn1ca1 Assistance in State of Arizona

The Arlzona Geothermal Commerc1a11zat10n Team provided a limited amount
of techn1ca1 a551stance tothe;uivate and publlc sectors,1n the State of
Arlzona 1nterested in util1z1ng geothermal energy.‘ Most of the technicai
ka551stance prov1ded involved the dlssemlnatlon of 1nfbrmat10n as opposed

to new research in areas of 1nqu;ry. Research and technical information were
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provided to several engineering firms in the Tucson and Phoenix areas and
also to the'Agricultural Extension Service at the University of Arizona.

1.9 Impact of Various Growth Patterns Upon Geothermal Energy Development

The Arizona Geothermal Commercialization Team identified probable
growth patterns of population and the resultant economy so that the future
potential of geothermal energy under these scenarios can be evaluated.
This information will be input to NMEI.

1.10 Outreach Program

The Arizona Geothermal Commercialization Team continued its outreach
program,'which involved interactions with potential users, resource developers,

various agencies and other groups.. Infbrmatioh on geothermal energy was

‘Supplied to indﬁstry, institutions, state agencies and local governments

and the general publié, through publications, workshops, meetings, etc.

‘Also, a monthly publication of a newsletter distributed to cities, legislators

and industry was initiatedQ
The following sections will detail workléompleted during the thifd
quarter (July, Aﬁgust and Septembér) of 1980.
2.0 AREA DEVELOPMENT PLANS

~In addition to studies on the remaining two-ADP‘s for Arizona, a com-

: plefion of the Yuma County ADP was undertaken during the thirdvquartef as

‘new information became available.

,InfOrmation on Maricopa, Pima; Pinal, Greenlee and Graham counties

for the Area'Development Plans continued to be updated. The fblloﬁing

sources, among many others, have been contacted for any new publications

and additional information: Office of the Governor, Office of Economic

12
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Planning and Development, various councils of'gdvernments, community
planning offices, industrial development agencies, individual developers
and the Chamberrof'Commerce in the'key‘cbmmunities.

2.1 Yuma County

2.1.1 Land 6wnership

Figure 2-1 presents a general land ownership map for Yuma County. The
majority of Yuma County is federal land. Table 2-1 shows acres owned by

various sectors.

Table 2-1 Land Ownership in Yuma County

Sector Percentage Total Acres
Federal 81 5,176,710
Private 8 511,280
~ State 7 447,370
- Indian 4 255,640
Total To0 6,391,000

"2.1.2 ‘Matching of Geothermal Resources to Potential Users

"Results of Yuma County's Area Dévelppment Plan indicate some prospects

for geoﬁhermal(applications. Table 2-2 presents an estimate of industrial

process heat requirements for one industry on an annual basis. A reservoir

temperature of 70°C was assumed for Yuma'County; Based on this

" Table 2-2 Yuma County

Estimated Process Heaf Energy Requirements
Assumed Reservoir Temperature: 70°C _
' “Process: Heat Energy Use

SIC Code -  Industry Description  Temperature 1010 Btu/ye
3273 Ready Mix Cement 65%C .004
13
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temperature expectation, the indusﬁry'presented is considered a potential
user 6£ geothermal energy. It shouid be noted that industrial process heat
requirements do not include energy consumed for space cooling of"heating.

From work performed in conjunctioﬁ with the New Mexico Energy Institute,

Figures 2-2-and 2-3 mddel_geothermal enexgy on line as a function of time over

the next forty years. Two cases are shown. The first, Figure 2-2, presents

energy on line assuming a city owned utility developed the resource. The
second case, Figure 2-3, presentéenexgy'on line assuming a private developer
developed the'petehtia1>resouree. The differeﬁee resﬁlts from differing
costs of capital. .Ohe’importantassumptionshouldebevnoted:'it is_assumed
for modeling purposes that geothefmalbenergy_comes on line when the price

of other‘energy alternatives rises above a computed cost per MMBTU for

gebthermal'energy.v In other words, it is:assﬁmed that industry will use

“the lowest eost energy available.‘

Results from Figures 2-2 and 2-3 summarize as follows. Under private

‘development ih Yuma County, geothermal,energy would come on line by 1993
h and grow steadily until 2020.’ Under city utility development, geothermal

“energyvwquld»be,eoet;competitive by 1989. Thus, city utility development

results in faster develqpment-in an earlier time frame.' Table 2-3 reports

“energy on line in terms of barrels of oil replaced per year.

" Table 2-3 Barrels of‘Oilrgeplaced by»Gethermel‘Energi
Per Year = . .
Process Heat Market
Yuma County :
1985 1990 - 2000 2020

Private Developers 0 : 0 : 53,393 212,500

City Utility o 9196 132,142 226,785
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VIt is apparent that geothermal energy s contrlbutlon in the process heat
market is slgnlflcant in barrels of 0il saved by 2020.

Modeling comparable to the above results was also performed for the

residential and commercial sectors. However, the scope of work was confined

to space heating energy requiremenr53 It is believed that epace heating
in Yuma County is limited to only a few winter months and would not justify
fnefestablisnmenc of district heating systems. Thus, results from the
residential and commerCialbsectors have been omitted until a system in-
cluding space heating and space cooling can be modeled.

AgribusineeS-and agricnlturel'industries were also identified in Yuma
: Countf; Most agricultural processing is concentrated in citrus crops
along with raising livestock‘ FuturekexpanSien of agricultural processing
in Yuma Cqunty would have'significant benefits for local residents and
farmers. Identifying a low cost energy,SBErCé ~vhich would be available
| and- suitable fbr agr1cutura1 and 11vestock proce551ng and irrigation could

stlmulate a local industry.

2.2 Cochlse/Santa Cruz Counties
2. 2 1 Economx |

The 1979 estlmated populatlon for Cochlse and Santa Cruz Counties
: comb1ned is 101, 879 The total land area of the two countles is 7 502
square miles wh1ch results in a populatlon den51ty of 13.6 persons per
square m11e. The ethn1c breakdown of the population is 52 percent Wh1te;
40 percent Hlspanlc, 2 percent Negro, .2 percent Indlan and 5 8 percent
other. | | | '

: - Historically, the'pepUlation of Cochise County has grown at an annual
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"raté of 3.0 percent per year. Future projections show a steady continued
growth; hoWever, growth is expected to be centered principally to the south
and west of the city of Willcox. The population of Santa Cruz County has
tradifioﬁélly experienced slow growth; however from 1968 to 1978 there was
a 38.4 pércent increase in popuiation; ‘Ovef 50 percent of the population
is céntered in Nogales. Populatioﬁ projection to 2020 are presented in
Figures-2-4 and 2-5.

The major townsvare listed in Table 2-4 along with projéctéd populations

to 2000.

Tabie'2—43' Major Cities in Cochise and Santa Cruz Coﬁnties

Cochise L 1979 -~ | 2000

Sierra Vista 25,969 - 37,487
Douglas 13,342 e . 19,160
Bisbee = 10,119 14,155
" Benson - - 4,333 el . 6,153
Willcox 3,487 5,343
Santa Cruz 1979 2000

Santa Cruz 19,63 32,950
‘Nogales =~ . 14,646 26,502

Patagonia L0000 1,850

The fastest growing city in Cochise County is Willcox, located on a
majorktrénscohtinental highway in the center of the southeast Arizona
agricultural areay_'»The city presently sustains its economy by trade and

services for farmers, ranchers and travelers. However, the Willcox area
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" has shown increasing diversification.

Future_growth is anticipated in Willcox in both agriculture and
ag;ibusiness.. Pians for a gasohol plant are presently being considered.
The plentvis expeeted to be operating by early 1981, directly employing

‘30 people. In addition a pork{ﬁll'pdant‘is in the planning stages and is
anticipated to directly employ ten:people.

‘.The agricultural sector in Cochise County continues to be of major
importanoe. The county is the primary producer of feed grain in the state
accounting for 43 percent of Arizona's grain sorghum and 90 percent of its
corn production. In addition, the Willcox area produces 31 percent of the
state's_hogs and 17 percent of its range cattle. Crop receipts amounted
toy$61.5 million.in 1977 with livestock receipts amounting to‘$35.4 million,
for total agricultural receipts of almost $100 miliion.

Presently, agriculture accounts for only 4 percent of total employment
in Cochise County and is not projected'to increase. The trade and services
sectors are expected to absorb most‘of the increasing population within the
area. Currently accounting fbr 20 percent of total employment, by 2009 this
figure is expected to rise to 26 percent.» § __‘

| In Santa Cruz County, Nogales, although not the fastest grow1ng city

':1n the county, is the most 1mportant 1n terms of trade. Nogales 11es on
the. U S /Mex1can border and 1s expected to grow rapidlyhas trade between-
Mexico and the United States 1ncreases.

Santa Cruz County [ economy is based on tourism and international

trade; Wholesale and retail trade are the most 1mportant employment
sectors eccounting for almost SOFpercentuof total employment in the
county.
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Manufacturing and construction are not significant in either county.
Specifi¢a11y,construction is expected to decline at a .9 percent annual
rate‘and manufacturing ﬁqvgrow just slightly fhrough the year 2000. No
significantvchanges are expected :egarding agficultufal employmént over the
next 20 years;- See Figure 2-6 for current employment levels and projections
to 2000. |

Other economic indicators in both counties indicate positive growth
, trends. Personal per capita income projecfions to 2000 are presented in
Figure 2-7 for Cochise and Santa Cruz Counties. Annual growth rates are
: 2.9.percentaanﬁ_3.0 percent.respectively;v These income figures represent
a slowei growth rate than is common in the populous coumties of Pima and

Maricopa. Wages in both Santa Cruz and Cochisq Counties are also typically
lower’than in the more industrialized countiesrsuch'as Pima and Maricopa.
Bétween 1968 ‘and 1978 the yélue of retail sales has sfeadily grown in

ﬁoth,coﬁnties. In Cochise County retail sales have increased 209 percent
'and_similarly a 153;per¢ent increase in Santa'CrﬁzA90unty. Bank deposits
iﬁ Cochise Cdunty have iﬁcreased 189 percent over the ten-year period

and 354 percent over ten years in Santa Cruz County.

| In éonclusion,_Cpchise and_Santaeruz Counties have typically been slow-

growth countieg.invArizdna. This iéyevidepéed in both pdpuiatipn‘gnd
_ﬁaridus gauges of economic,weifére, o

2.2.2 Land Ownership

Figures 2-8 and 2-9 show general land ownership maps for Cochise and
Santa Cruz Counties. Table-Z-S gives acreagé breakdowns“fbr each ownership

class.
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Ly «‘._tr'Figure'i:z-'s:f‘ ‘Land Ovnership Santa Cruz County -
. .Source: Arizona Water Commission- (1977) -
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o " Figure 2-9: - LandOwnership Cochise County.
\  Source: Arizona Water Commission (1977) - |



Table 2-5:  Land Ownership in Coohise/Santa Cruz Counties

Cochise Total -  Santa Cruz . “Total
; % - " Acres . ’ 5 . . Acres
Federal 23 92,092 57 454,290
State - 36 - 1,441,440 6 v 47,820
Indian - ' -0 - -0 -
Private . 3 1,641,640 37 294,890
Total 100 4,004,00 100 . 797,000

2.2.3 Energy Use

~ Sulpher Springé Valley Cooperative, Inc., serves electricity to Cochisev
County. Figurelz-lo shows 1979 monthly sales patterns for four of the
largest users in the area.

Residential consumers show a peak demand in the winter months of

V'Jenuary and February and low'demand'for natural gas in May when it is not

used for heating purposes. This suggests two major factors: (1),There_are
more furneces used in the area than there are evaporative coolers. Furnaces
consume a substant1a1 amount more electrlclty than swamp coolers. (2) Most

of the residential dwelllngs are equlpped w1th electric heaters, as the

~ climate: 1n Cochlse County in the w1nter 1s relatlvely cold “heat is needed

1n the county in the winter.
" Large and small commercial users show an increase in demand in July,

afterfwhich,the/demand,begins to deeline.i This is due to the use of .

electrically-generated space cooling in the summer months.

Gas’ sales for Cochlse County are d1v1ded between several ut111ty

companies. The Town of Benson,‘W111cox City Government and Ar1zona Pub11c - | ;

‘SerVice‘Co. are_among those who serve»the county. F1gure>2-11 presents
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the Town of Benson and Willcox City Government gas sales. Both utility
companies show sales at a peak during the winter months, and declining

usage during the summer months. Data is not yet available from Arizona

Public Service Co.-

Natural gas in Cochise County is used year-round to heat hot water
for buildings in all of the user classes.

. Santa Cruz COunty electricity consumption is shown in Figure 2-12.
This figure presents the cofsumption pattern shown by Citizens Utility
Company in 1979, the only data received to date. The pattern shown is one
typical of eleetricity usage in AriZona;,high,conSumption-in the suﬁmer

months when space cooling is necessary and relativeiy low consumption

-in the winter months. It should also be noted that the residential

sector is the largest consumer along with the commercial class.  The

industrial sector'inMSanta Cruz County is relatively small.

2.2.4 Water

~ The pro;ected water use in Cochlse County, a predomlnantly agrlcultural
and copper mining county, 15 substantially large.
The forecasted urban water use in Cochise County is generally small -

in comparlson w1th total use and the ava11ab111ty of dependable supplies.

'No problems are fbreseen,therefbre, in sat1sfy1ng the urban water needs

of this county.

However{ thevpriﬁarly tradeforieo;eduéanea‘Cruz County shows substaﬁtial
future,urban weterIQSe. The high end mediuﬁ:projected‘urban deficiencies
are‘e*pected to be inlexcese of So_fercent'of'the a#aiiable dependable

supply ‘and projected Withdrawals associated with these projections exceed
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dependable supplies. The need for higher quality water for municipalities
will cfeate a deficiency in the county as a total return of wastewater to
the municipal supply is not possible.

Copper mining is a major contributor to the economy of Cochise County,
SO évsignificant increase in watér use associated with mining is predicted.
Santa Cruz Couﬁty has no such large user.

The criteria'ﬁsed to develop study projections for agricultural pro-
duction result in large différences in future agricultural levels in
Cochise County. In Sahta Cruz Coﬁnty,agricultural production levels and
water use remain essentially the same for the high and medium projections
and reduce to almost zero for the low projections. There is no projected
water use for steam electric powér generation in Santa Cruz County. The

irrigated acreage forecast for Cochise County in alternative I are

- large primarily because there is more'privately owned land that overlies

~economically exploitable groundwater than in any other area of the state.

In general, both Cochise and Santa Cruz Counties are faced with water

supply problems. Most of the dependable water in this area is groundwater

recharge. Futurevprojectiohs are shown in Figures 2-13 and 2-14,

’2.2.5 Matching ‘of Geothermal Resources to Potential Users

Within both counties only one industry was found which could use 70°C

geothermal water for process heat needs. Two iarge firms fall under the

‘ready mix'cement industry in Cochise County. . In Santa Cruz County there

was no match between industries and'procesS'heat requirements of less than

65°C. This could be attributed to the lack of large industry in Santa

Cruz County.
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PROJECTED ALTERNATIVE WATER DEPLETIONS
AND DEPENDABLE SUPPLY
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v - 1
(o] 1 & A i s .
1970 1980 1990 2000 2010 - 2020
YEAR
- ‘ .
ALTERNATIVE FUTURES SUMMARY
ITEM ALTERNATIVE _ FUTURES
(Quantities In Thousands) - i
A 4 : 1970 1990 2020 1990 - 2020 1990 2020
POPULATION wo| 437 864 23 602 333 602
HARVESTED ACRES 3.0 33 35 3.0 30 20 0.5
URBAN DEPLETIONS AF/YR 1.8 33 63 .28 44 28 44
STEAM ELECTRIC DEPLETIONS AF/YR 0 0 0 0 0 ) 0
MINERAL DEPLETIONS AF/YR 0 1.0 20 1.0 20 1.0 20
bt AGRICULTURAL DEPL. AF/YR no| wr 14 106 9.8 70 8
TOTAL WATER DEPL. AF/YR R I | 20 14 ] " 8
DEPENDABLE WATER AF/YR s s .8 ] s s 8
SURPLUS SUPPLY (Det.) = . ® ] ay {12) {9 ® . (6 o
L , .
Fi_gur»e 2~13: Projected Future Water Availability and Use.
’ Santa Cruz County ' '
Source: . Arizona Water Commission. (1977)
v
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PROJECTED ALTERNATIVE WATER DEPLETIONS

AND DEPENDABLE SUPPLY
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ALTERNATIVE FUTURES SUMMARY
: ITEM ALTERNATIVE FUTURES
" - (Cusniltles In Thousands) 1 ™ m
: 1970 ‘1996 2020 1996 2020 1956 2020
POPULATION _ 6.9 1210 2120 1210 1940 1210 1940
HARVESTED ACRES . 118.0 1720 . 2130 180 . 1180 880 12
URBAN DEPLETIONS AF/YR 89 138 20 138 202 138 202
STEAM ELECTRIC DEPLETIONS AF/YR 14 . 81 3.2 4 168 Yy 168
MINERAL DEPLETIONS AF/YR 80 25.0 550 140 430 140 40
AGRICULTURAL DEPL. AF/YR 335.0 4550 . 5080 3130 2800 1800 170
TOTAL WATER DEPL. AF/YR 353 | a9 e " 348 360 212 o7
DEPENDABLE WATER AF/YR 85 97 97 .97 o7 o7 o1
SURPLUS SUPPLY (Det) (268) (402) = (519) (2¢8) . (263) (118) 0

Figure 2-14:

Source:
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From work performed in conjunction with the New Mexico Energy

'Institute, Figures 2-15 and 2-16 model geothermal energy on line as a

function of time over the next forty years. Figure 2-15 presents energy

on line assuming a city-owned utility developed the potential resource.

As has been shown in other counties, development by city-owned utility
occurs faster than under private development. The difference between the
two cases is attributed to differing costs of capital. One underlying

assumption should be noted. It is assumed for modeling purposes that

geothermal energy comes on line when the price of other energy alteratives

rise above a computed cost per MMBTU for geothermal energy. In other words,

it is assumed that industry will use the lowest cost energy which is avail-

able.

~ Results from Figures 2-15 and 2-16 summarize as follows. Under private

development, geothermal energy would come on line in 1984 and climb

rapidly until 2005. Similarly, under a city-owned utility;geqthermal

energy would come on line by 1984 and climb rapidly until 2006. Thus,
city development occurs comparatively faster than private_dévelopment.
Table 2-6 reports the results of the modeling in summary form in terms

of barrels of oil.

Table 2-6: Barrels of 011 Replaced by Geothermal Energy per Year.
: - Process Heat Market ~
Cochlseqand 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
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TOTAL BEAT BY CALENDAR YEAR
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Figure 2-15: Projected Industrial Geothermal Heat On L1ne Under City Development " ‘Cochise
and Santa Cruz Counties. ,

Source: New Mexico Energy Institute
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‘Similar modeling was performed for the residential and ;ommercial
space heating markets;.howevér,'it is believed that space heating, without
a capability for space cooling:is not economically justifiable. Future
workvﬁill include both space heating and cooling.

Agribusiness and agricultural industry in particular were identified

' in Cochise County and agriculture remains the base of local economic

activity. Most agricultural processing is concentrated in corn and sorghum;

however, livestock is also important to the Cochise County economy. Currently
many of the agricultﬁral products are»exported to California for processing.
Identifying allow;costkenergy source that would be_available_and suitable

for agricultural and livestpck processing could stimulate a local industry.

_The‘economy'of Santa Cruz County is based on tourism and international

“trade, and there is a lack,of,industry. Thus, no match betﬁeen industries

‘and process heat requirements of less than the assessed reservoir tempera-

ture of 65°C were fbynd.‘ The potential for the use of geothermal energy

in Santa Cruz County is being investigated.

2.3 Northern.Countiés

2.3.1 Economy

- The 1979 estlmated populatlon for the Northern Ar1zona Countles was -

- 351,000 people.» These coumt1es include: Apache, Coconlno, G11a,

Mohave, Navajo and Yavapai. The total land area of the countles 1s 65,709
square mlles wh1ch results 1n a populat1on dens1ty of 5.3 persons per
square m11e.4v The ethnlc breakdowns of the populatlon is 55% whlte,‘289
Indian, 11% H15pan1c and 1% Black A

S1nce 1970 the northern counties have experlenced an -annual population

growth rate of 5.8%.v Table 2-7 shows the annual populatlon growth for
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~each of the counties from 1970 to 1978.

Table 2e7i Annual Population Growth for the Northern Counties

1970-1978
Cities : Annual Growth Rate
Mohave 9.8%
Yavapai R 7.7%
Apache : 6.5%
Coconino ' 4.1%
Navajo _ 4.0%

Gila ‘ 2.5%

The source of this growth for these years is principally attributed

to net migration. These figures are tabulated in Table 2-8.

‘Table 2-8: Sources of Populat1on Growth fbr the Northern Arlzona

Counties 1970-1978

Counties o National Increase . Net Migration
‘Apache ' o . 28% ‘ ~ 24%
Coconino .. - : 16% - 17%
Mohave v ' 5% 73%
Navajo 17% : 15%

Yavapai o o e

5 Figures'fbr Gila County:are not-available.

‘Population projeétions‘for“the combined counties are indicated in

'Flgures 2-17 show1ng a steady growth fbr the next fbrty years.

The largest c1ty in Northern Arlzona is Flagstaff. .This city is

rap1d1y becomlng the manufacturlng center for Northern Arlzona due in part

to the excellent transportat1on fac111t1es.v
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Figure 2-17: Population Projection for Northern Arizona Countles to 2020
Source: 'Technical Adv1sory Commlttee (DES)
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>'Present1y; manufacturing is the primary employment.eector in the
northern counties;'but as shown iﬁ Figures 2-18 and 2-19 itbis'projected
that‘thejservice sector will account for a lhrge percentaée of total
employment in 2000.‘ The'sefvice secfbr is expected to grow at 4 percent

per year for the next twenty years along with light industry growth, in

partlcular, in the area of retail sales.

The Department of Economlc Security estimates that total employment

in the northern counties will rise 1.8 percent per year to 2000.

'In‘addition, several other economic indicators show positive growth
in Northern Arizona. Figure 2-20 presents projections. of personal per

capita income for the northern counties to 2,000. Annual growth rates

~ are shown in Table 2-9.

Table 2-9: Annual Personal Per Capita Income Growth to 2000

' o : % Annual Per Cap1ta
- County. - » o ' Income -Growth

Apache 1
Coconino : 1
‘Gila : o2
- Mohave ' ‘ 1
Navajo . 1
‘Yavapai 1

These income figures represent a slower rate of growth than is common
in the mere popﬁlous’counties of Pima and Maricbpa. Also, the types of

employment found in these two counties tend to have a lower wage scale

ethan the more - 1ndustr1a112ed countles.

Between'1968'and 1978 the value of retail'saies steadily increased in

both counties. Table 2-10 indicates the percentage increase in retail
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.;&‘J'? sales and bankcdeposits over the ten year period.
_ Table 2-10: Retail Sales in the Northern Counties
€ ' - R % Increase in % Increase in
. Retail Sales Bank Deposits
Counties " 1968 - 1978 "~ 1968 - 1978
Apache . 2421 231.5
Coconino A 231.4 _ ... 239.3
v Gila ‘ 195.7 152.1
Mohave ’ 363.4 " 413.0
~Navajo . : 360.1 270.9
Yavapai . - 300.2 212.2
v : o : _ : .
In summary, Northern Arizona counties have historically been slower
“growth counties in Arizona. However, this trend -is changing as Northern
Arizona encoumages'light industry in an attempt to diversify its economy
LY .
away from a pr1nc1pa11y rural base. The abundance of warm springs and
wells is st111 under 1nvest1gat10n. However, the sparse population and lack
of 1ndustr1a1 base has resulted in few potential developers of geothermal
energy. .
2.3.2 Land Ownershlp » .
‘ . Flgures 2-21, 2- 22 2-23 2-24, 2-25 and-2-26 show general land
v
ownershlp maps fbr Apache, Coconlno, Gila, Mohave, NavaJo and Yavapal
Count1es. Table 2 11 glves acreage breakdowns for each ownersh1p class.
-
-
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v Flgu:re 2-22: Land Ounership - Coconino County
u R R Source: Arizona Water Commission (1977)
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'H.
- Figure2-23 . Land Ownership - Gila County = .
. Source: Arizona Water Comeission @as77) .
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DR i Figure 2-24: Land Ownership - Mohave County
A\J RIERD Source: - Arizona Water Commission (1977)
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Table 2-11:  Land Ownership in Apache, Coconiho, Gila, Mohave, Navajo,
: and Yavapai Counties’

Apache Total Coconino Total

% ' Acres % Acres
Federal 11 786,610 40 4,754,800
State 10 715,100 9 1,069,830
Indian - 62 4,443,620 37 4,398,190
Private 17 1,215,670 14 1,664,180
Total = 100 7,151,000 v 100 11,887,000

Gila Total - 4 Mohave Total

% Acres - N Acres
Federal 58 1,763,200 69 . 5,855,340
State 1 30,400 6 509,160
Indian 38 1,155,200 7 594,020
Private _3 91,200 18 ‘1,527,480
Total 100 . 3,040,000 - 100 - 8,486,000

Navajo Total Yavapai Total

% "Acres v : % " "Acres
Federal - 10 634,300 . 50 2,589,500
State 5 317,150 . / 27 1,398,330
Indian - 66 4,186,380 ‘ 0 T - _
‘Private . 19 1,205,170 - 23 1,191,170

Total 100  ©,343,000 | 100 5,179,000

2. 3. 3 Energy Use

The largest ut111ty company serving Northern Arlzona is Aflzona
Public Service Company, wh1ch prov1des electricity to the area. Southern
Union Gas serves,Prescott, Klngman and Flagstaff; Navapache Elecfric;Cofporation
serves both Navajo and ApachéyCoﬁnty; and Mohave Electric Coéperétive, inc.
prbvides eieciricity to Mohave County. These and several small utility
companles have been contacted, requestlng data on monthly sales for 1979.
The 1nfbrmat10n received to date is from Southern Union Gas Company for the

| U three largest pgities in Northern Arizona.
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  Natura1vgés salesAfbf the'fbuf user classes, presented in Figures
2;27, 2-28, 2-29, sﬁow peak demand in the winter'months.A Residential
users are clearly the largest conSumers in the wintervanths due to the
use of natu;allgas fbr heating. In the summef monfhs,demand decreases as
people turn to eleétricity-generatéd cooling units to cool their homes,
causing a deciine in natural gas consumption to a low in August. This
géneral pattern is cdnsistent‘for all three cities with one exception.
The industrial class of Kingman and Yavapai County consists primarily
of the copper mine northwest of Kingman. Natural gas consumption at the
mine increases in the summer months as the ‘mine uses its own resources
combined with natﬁral_gaé to generate power.

For comﬁérison pufbosés, Tab1¢42-12-shows’the'avexage natural gas
lgonsumption per user for 1979 for the northern counties versus the southern
counties. The-figuresxshpw a_substantial_differéﬂce betﬁeen the use of
natural gas_in the north versus.the‘south. The disparity can be attributed
to the élimatic differehces.‘ The nortbefn couhties‘experience cpld winters
whereas winters in the southern part bf,the staté are mild,‘ This would
accpﬁnt for theiﬁigher natufal gas consumption in the nprthern,areés for

heating purposes.

Table 2-12: Comparlson of Average Consumpt1on of. Natural Gas by User
- o Class for 1979 ‘Per Fac111ty (MCF) ,

"Nbrthéfn'C0unt1es_

“0 .. T Residential ~  Commercial = Industrial
Flagstaff ‘ . - 134,0 -MCF 758,26 "42416.7
“Kingman - 52,0 MCF "~ 407.45 . '87557.25
Prescott . - 106.34 MCF . 442,25 ~  17555,0
Southern Counties _ ST : E ,
» , Residental - Commercial . Industrial
Southern Counties 62.9 . 467,7 13786.8

Source: .Southern Union Gas Corporation
Southwest Gas Corporation
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Figure 2-27: Estimated Natural Gas Sales by the Month for 1979 for Prescott, Yavapai County
Source: Southern Union Gas Company




9

100

80

60

40

20

Sales in MCF
.(in thousands}

IndﬁStrial

Commercia

Eubiic Aﬁt

1 L 1 1 i g ‘ 1

. 1 K- . | -
Jan Feb Mar: Apr. May June July Aug Sept Oct Nov . Dec

Figure 2-28: Estimated Natural Gas Sales by the Month for 1979 for Kingman, Mohave County
Source: Southern Union Gas Company
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Figures for electricity consumption for the northern comnties are
not yet available. | |
2.3;4 Water |

In general, the4popu1ation'of the northern cbunties is expected to
increese substantially by 2020; however, urban water depletions in'Norfhern
Ariiona ere ekpected to increase more rapidly_than population. In Apache,
Coconino and Navajo counties,-the»éurrenf per capita rate of use is muoh_
lower than the remainder of the'state. These rates are expected to show
small increases. | | |

Because of the scattered nature ofvmost urban water use in Northern
Arizona;_theﬁreuee of water is limited. Therefore, depletions represent
a larger portion of uithdrawals for urban use than Other parts of Arizona.

Littlerchange ie-expeoted in irrigated egricultural production and
water_use. The,ecre inorease is approximately eVenly'divided between the
couﬂties. | |

Large increases are forecast to occur in the amounts of water used to

'cool steam electric power plants. There has been a significant increase

‘1n water use due to new power plants and the expans1on of existing power

plants. Add1t1ona1 coal- flred plants or. plant expan51ons are ant1c1pated

'and by 2020 water use w111 range from 68, OOO to 154, 000 acre-feet per year.

As much as 23, 000 acre-feet of thls may. occur 1n Yavapal County 1f the

: hlgh prOJectlon of electr1a1 generation in Arlzona is rea11zed

‘Mineral productlon is pro;ected to 1ncrease substantlally although

water used for this pumpose will contlnue to be less than 10 percent of

~the statew1de value. Both Yavapallend Mbhave Count1es\antic1pate major
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expansions of the existing copper mines.

Northern Arizona has several surface water hydrologic areas. Most

of the developed area in Apache, Coconino and Navajo Counties lie in the

- Colorado River Drainage Basin, In"Yavapa'i County, most urban development

occurs in the Verde River Basin. In Mohave County, future dependable
supplies‘along the Coloraoo River are reported as equal to projected
depletions.v |

In all.of;the;northern counties, the total water depletions for
’alternatives II and IiI are the same_because irrigated crop land does not

have to be reduced to achieve a balance between supply and use in these

count1es and agr1cu1tura1 depletlons are assumed to remain constant in all

future time frames for each alternative. (For spec1f1c detalls see
Figures 2-30, 2-31, 2-32, 2-33, 2-34 and 2-35).

2 3.5 Match1ng of Geothermal ' Resources to Potent1a1 Users

The geothermal resources in the Northern Arlzona Count1es are still
under 1nvest1gat10n. Due to the relatlvely sparse population of these.

countles, few 1ndustr1a1 matches with geothermal energy were found

;The only coumtles in whlch matches were found were Apache and Mohave where

inferred reservo1r temperatures were 95 C and 111 c respectlvely.

Three f1rms were 1dent1f1ed as being able to utlllze process heat
in'these'temperature ranges._.They were furniture,:ready-mix concrete and |
stone cutt1ng

| From work performed in conJunctlon wrth the New Mexico Energy

Instltute, Flgures 2 56 through 2-39 model geothermal energy on 11ne as a

funct1on‘of trme over the next forty years.‘ The four cases shown are all
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PROJECTED ALTERNATIVE WATER' DEPLETIONS
AND DEPENDABLE SUPPLY

90

THOUSANDS OF ACRE-FEET

ALTERNATIVE - FUTURES SUMMARY
3
ITEM ALTERNATIVE FUTURES
{Quantities In Thousands) N . ..h AL
wro | 1se0 2020 1990 2020 | 1990 2020
POPULATION 293 539 . 652 405 564 405 56.4
HARVESTED ACRES 1.0 12 13 10 10 08 0.
URBAN DEPLETIONS AF/YR 29 |38 a9 29 42 28 0 a2
STEAM ELECTRIC DEPLETIONS AF/YR. - | 0 o el o o 6 0
MINERAL DEPLETIONS AF/YR o140) 330 820 | 200 600 - | 200 . 600
AGRICULTURAL DEPL. AF/YR a0 23 . 28 200 20 - 16 .0
TOTAL WATER DEPL. AF/YR 19 39 ‘89U tae o es o |ases
DEPENDABLE WATER AF/YR 1w | e e - 34 . 3« a7
SURPLUS SUPPLY {Del.) 0 o) (52) 0 (29) - 1 @n

- Figure 2-30:

- County.

Source: Arizona Water Comm1551on (1977)
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PROJECTED ALTERNATIVE WATER DEPLETIONS
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ALTERNATIVE FUTURES SUMMARY
ITEM ALTERNATIVE FUTURES
{Qusantities in Thousands} . . ] ] ) Hi]

T : 1870 1990 2020 1990 2020 1990 2020
POPULATION 416 81.2 - 1240 721 106.0 721 1060
HARVESTED ACRES ° S1301. - 148 150 130 130 130 130
URBAN DEPLETIONS AF/YR. 15.3 161 199 15.4 185 | 154 185
STEAM ELECTRIC DEPLETIONS AF/YR a 135 36.1 1.7 229 "7 229
MINERAL DEPLETIONS AF/YR 0 4.0 6.0 40 6.0 40 6.0
AGRICULTURAL DEPL. AF/YR 26.0 289 300 26.0 26.0 26.0 26.0
TOTAL WATER DEPL. AF/YR 44 62 92 57 73 57 ke
DEPENDABLE WATER AF/YR' 44 62 92 57 73 57 73
SURPLUS SUPPLY (Del.)’ " 0 0 0 0 [ 0 (]

Figure 2-31:

Source: Arizona Water Comm
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© “Thede e dependable supply

be 1 balance
:Deticioncies may exist in localized areas.

Projected Future Wat
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er Availability and Use in Navajo

iséion‘(1977)
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PROJECTED ALTERNATIVE WATER DEPLETIONS
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1870 1980 1990 2000 2010 2020
YEAR -
. NOTE ﬁpenhubie supply'cun.bo devel ,. d to lllisli leti in ail 'h'melumes
"ALTERNATIVE. FUTURES SUMMARY
"ITEM - ALYERNATIVE FUTURES
{Quantities in Thousands) ) : L] [0} } i
: ) 1970 1990 2020 . 1890 2020 1990 2020
POPULATION : ) -32.3 75.7 134.0 75.4 141.0 75.4 - 141.0
HARVESTE_D ACRéS : 8.5 9.4 - 98 8.5 85 85 85
URBAN DEPLETIONS AAF/YR 23 53 10.1 i 5.3 10.6 53 10.6 .
STEAM ELECTRIC DEPLETIONS AF/Y_R o 147 . 37.3_»-' - 1128 24.0 128 240
MINERAL DEPLETIONS AF/YR - TY0) 20 3.0 20 30 2.0 3.0
AGRICULTURAL DE.PL; AF/YR ) o 14.0 155 16.2 140 14.0 140 14.0
TOTAL WATER DEPL. AF/YR 17 7 67 34 ) 52 34 52
DEPENDABLE WATER AF/YR' e 17 ). 67 34 52 34 52
SURPLUS SUPPLY (Det.)? ) 0 0 o0 0 0 0 0
1he Beveétopabl ble supply excéods d ‘theretore, supply and dependabie supply are to
. be in balance. )

© Deficiencies may exist in localized areas.

g ~ County. . . . . ,
Source: - Arizona Water Commission (1977)

62

. Figure 2-32: Projected Future Wéter'Availabiiity‘and Use in Apache -




¢

o

t\.

: Figufe 2-33:
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PROJECTED ALTERNATIVE WATER DEPLETIONS
' AND DEPENDABLE SUPPLY
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* 0 1 1 A
1970 . 1980 1990 2000 2010 2020
: YEAR
ALTERNATIVE FUTURES SUMMARY
1TEM ALTERNATIVE FUTURES
(Quantities in Thousands) 1 n n
1970 | 1890  -2020- -1990 2020 1990 2020
POPULATION 368 1080 1910 87.0 928 - 67.0 928
HARVESTED ACRES v 60| 67 69 - 6.0 6.0 60 6.0
URBAN DEPLETIONS AF/YR ;49 88 15.8 5.4 76 5.4 16
STEAM ELECTRIC DEPLETIONS AF/YR 0 0 227 0 9.5 0 95
MINERAL DEPLETIONS AF/YR 50| 200 480 7.0 38.0 17.0 380
| AGRICULTURAL DEPL. AF/YR 240| 242 228 218 19.8 220 20.0
TOTAL WATER DEPL. AF/YR : 34 53 . 109 4TS 44 75
DEPENDABLE WATER AF/YR' - 22 1 46 s8 41 4 a e
SURPLUS SUPPLY (Del.) (12) (9 51 % (28) 3) "(28)

‘in certan nréas whete additional water may be developed the dependable supply was set equai to depletion. Transfer
from areas where a supply could be deve'oped lo deficient areas is not feasible because of geographic condition,

hesefore, ies are

County.

VSource: Arlzona Water Comm1ssmn (1977)
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~ Figure 2-34:

PROJECTED ALTERNATIVE WATER DEPLETIONS
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NOTE Depenaableb lupi»ly can be c.e"velo'pe;a 10 salisty depietions in‘u{ll t;rﬁelvames
'ALTERNATIVE = FUTURES SUMMARY
7 ITEM . ALTERNATIVE FUTURES
(Quantities in Thousands) g ! n : W
: - 1970 1990 2020 1890 2020 1990 2020
POPULATION’ 48.3 A 100.0 103.0 160.0 1030 160.0
HARVESTED ACRES 45 5.0 5.2 45 .. 45 | " as 45
URBAN DEPLETIONS AF/YR 5.3 64 . 87 .84 139 84 13.9
STEAM ELECTRIC DEPLETIONS AF/YR™ {7 70 34 T ste 273 42 273 422
MINERAL DEPLETIONS AF/YR 0 10 .20 10 20 -1.0 20
AGRICULTURAL DEPL. AF/YR 8.0 9.9 10.4 9.0 9.0 9.0 9.0
TOTAL WATER DEPL. AF/YR 14 49 79 48 67 46 67
DEPENDABLE WATER AF/YR' 14 43 . 79 46" 67 46 67
SURPLUS SUPPLY (Det.)? | 0 (] S0 0 0 o . o0
" "The.. ' o ab supply d ,"‘ . therefore, supply and » le supply are d to

be in balance
‘D

County,

Source: Arizona Water Commi

may exist in | areas.
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PROJECTED ALTERNATIVE WATER DEPLETIONS
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1970 1980 1990 ... 2000 - 2010 2020
. YEAR
- ALTERNATIVE FUTURES SUMMARY
, ITEm ‘ ALTERNATIVE - FUTURES
" (Quantities In Thousands) . A [} ) o
' - 1970 | 1990 2020 1990 . 2020 1990 - 2020
POPULATION _ - | 258 ) s26 943 556 824 656 824 -
HARVESTED ACRES ) so| 2es 0 aa | 2a5 303 238 289
URBAN DEPLETIONS AF/YR 87 80 . .187 95 139 95 139
STEAM ELECTRIC DEPLETIONS AF/YR o |0 2.2 S0 109 0 109
MINERAL DEPLETIONS AF/YR 40| . 980 . 280 9.0 180 9.0 180
AGRICULTURAL DEPL. AF/YR 230 970. . 1120 847 109 920 . 1040
[ TOTAL WATER DEPL. AF/YR' = mofows2 29 - | aso 189 148 184
DEPENDABLE WATER AF/YR? 67 | e e 139 169 | 139 69
SURPLUS SUPPLY (Def) @ | e @2 1 (0 9  05)

‘lncludcs 37,300 AFNﬂ 101 tish and wildiite depletions. -
‘ Dependabdle lupa!y trom the Colorado Rwor is equatto d
mine total county o ble supply D
Cludes uncvodned utum Ilow:

supply was sdded 1o deter-
only occur nom o" nvev uses. Dependabdle supply tor 1970 in-

Figure 2-35: Pro;ected Future Water Ava11ab111ty and Use in Mohave
Source: Arizona Water Commlss1on (1977)




based on'theimpllcitmassumption that geothermal energy comes on llne when
the prioe of the cheapest;energy alternatiyes'(i.e. naturaljgas)'rises~above
a computed cost per m11110n Btu for geothermal energy. Figure 2-36 presents
geothermal energy on line for 1ndustr1a1 process heat assum1ng only private
development occurs, whlle Flgure 2-37 presents geothermal energy on. line
for 1ndustr1al process heat assum1ng a c1ty owned ut111ty develops the
potentlel resource, Clearly, development by a city owned utility occurs
sooner than‘does pr1vate development. Two reasons for this 51tuat1on can
be cited; F1rst, a c1ty typ1ca11y has a lower cost of capital than does
pr1vate 1ndustry and, second city utilities requ1reilower'rates of return
on invested capital. .. | | |

p Th¢ xgsults-of,these figures suggest that under private indnstrial
_ develoPment,geothermal energy’wonld oomexonvline by 1989 and rise rapidly
to 2020 as other energy prices increase. Under city“development;_geothermal
:energy for.industriel proeess heet wonld.come on‘line by 1983 and rise
rapldly to 2005 | | |

‘ For comparison’ purposes Table 2-13 reports energy on line in terms

of barrels of 0il replaced per year,‘

Table 2513:' Barrels of 0il Replaced by Geothermal Energy Industr1al
5 ‘ Process Heat Market : :

1085 1990 20000 7 2020

" Private Developer 0 9357 165,000 - 350,000

- Ccity Utility - 9482 87,500 276,796 378,571

"'Similar'modeling was aISO’performed‘for the residential and commercial

space'heating markets (both sectors are reported as residential) for the
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v_northern counties. ‘Climatic conditions invNorthern Arizona justify inelusion<
‘of these results. |

,Fignres 2-38 and>2;39 show totalrgeothermal'energy on line as a
function of time for the reeidential and commercialpspace heating'markets
- and theﬁindustrial process heatvmarket. Once again results confirm that
development hy'a-cityfutility is faster than development by the private
sector."Under city utility development;_geothermal energy resources become
the cheapest energy alternatlve beglnnlng in 1983 whereas private development -
would not be expected to occur until 1989 Results are presented in Table

2-14 in terms of barrels of_011 replaced per year.

Table 2-14: Barrels of Oil Replaced by Geothermal Energy—-Residential
. . Commerc1a1 and Industrial Markets

1985 1990 2000 2020
Private Developer 0 64,821 253,571 3,464,285
City Utility 66,785 417,857 2,196,420 4,000,000

The results presented in thlS sectlon suggest that Northern Arlzona could
' experlence 51gn1f1cant geothermal development however, add1t10na1 factors
‘.may play a- 31gn1ficant role to 1mprove the potent1a1 for geothermal develop-
' ,ment. Northern Arizona has good potent1a1 for a substant1a1 1ncrease in
re51dentia1 ‘and 1ndustrlal development and is seeklng to d1ver51fy its
'beconomy away from 1ts trad1t10na1 rural base.‘ As add1t10na1 1ndustr1es
and-people are'attracted to.Northern,Arlzona,-greater development of its
‘4geotherma1.re50uree potential beeomeebpossibie,~ Also, geologic investiga-

tions in Northern Arizona have been limited. As additional resource
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assessment ,wdrk’ is performed, - gi'eater réSourée pOtential may' be discovered.
Finally, Northern Arizona could also benefit from geothermal space cooling
as well -as space heating, further adding to the use of geothermal energy

resources.
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3.0 INDUSTRIAL PROCESS TEMPERATURES
_The following analysis represents a preliminary attempt to define

potential uses of geothermal energy for specific industrial processes.

' This analysis‘was developed through the identification of the largest in-

dustrial energy users in each county and the necessary process heat
temperatures for each of the unit operations w1th1n the industry. This
procedure enables the prev1ously assessed average geothermal reservoir'

temperatures for each county to be matched with individual processes within

" industries.

These data were developed u51ng the 1980 Arizona Directory of
Manufacturers and data from the Solar Energy Research Institute which

provided estimates of annual energy consumptlon by four digit SIC code and

- the respective process temperatures needed by these industries.

The 1nformat10n of the spec1f1c heat temperatures needed in each of

the operatlons,w1th1n the 1ndustry was gathered from three principal sources:

the Noyes Data'Corporation publication entitled "Energy,Saving Techniques

for the Food Industry.n Bnergy.Analysisgof 108 Industriai Processes, Phase

I of an Industrlal ‘Applications Study, 1979 completed by Drexel University;
.and a Survey and Analysis of Solar Energy Process Heat Opportunltles in

Arlzona prepared by the Unlversity of Arlzona., 0n1y those processes w1th

large energy useage for wh1ch the demand for process heat could be supplled

by geothermal energy are dlscussed

3. 1 Maricopa County

Soft Drlnk Industry (SIC 2080)

‘The soft dr1nk 1ndustry in Marlcopa County is comprlsed pr1mar11y

of establlshments engaged in manufacturlng soft drlnks and carbonated waters.
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Softdrinkiﬂants are typically near concentrated populationvareas. While
locational factors:may affect energy use in some areas this is not
& anticipated in Arizona. Total production of’the.industry is expected to
_vcont1nue to 1ncrease. In'the past there has been a compounded annual
growth rate between 1972 and 1980 of about 4. :25 percent.

- The soft dr1nk industry has three ba51c plant types - those which
both bottle and can, those which bottle only and those which can only
' The most common plant within the industry is that which bottles. Major
processes include mixing, bottle washing, cooling and filling.

‘The soft ‘drink industry in total is an important energy consuming

industry_within the Food and Kindred Products Group, ranking eighteenth
+in 1974 among the 47 industries within the gronp. ~Although the manufacture
of soft drinks'is'not.energy intensive per’unit»of output (approximately
8,550 Btu'per,192lounce'case), the volume throughout the industry necessitates
relatively large fuel requirements. It is estimated that direct fuel is
Vconsumedhby three'primary/functions: space heating (50%),bott1e‘and can
washing (20%) and intra piant‘transport’(so%). Bottle and can washing
”,consumes about 19 x 1010 Btn's/year. The temperatures used in this process
are 140°F (60°C) to 180°F (82°C) Th1s appears to be a very suitable appllcat1on
of geothermal process heat, w1th a good potent1a1 for convent10na1 energy
dlsplacement as the averageegeothermal assessed temperature 1n Marrcopa
‘i'County in 230 F (110°C) o | - |
‘ Natural gas is the domlnant energy source in the 1ndustry In 1972,

‘approxlmately 55 percent of a11 net energy was derived from natural gas.

Fuel o1ls and purchased e1ectr1c1ty accounted for 15 and 14 percent of all
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‘net energy respectively,ccallo percent, and other purchased fuels com-

prised approximately 6 percent of the energy sources.

Ready Mix Coﬁcrete InduStry (SIC 3273)

- There are seven large firms withinvthis industry in Maricopa County.‘
The principal characteristics of the ready-mix concrete industry is that
concrete iS'poured wet and allowed to set at ambient temperature at the job -
site. Therefore, moet of the temperature needed for process heat require-
nent is between 160°F (71°C) and 200°F (104°C). This is well within the
assessed average geothermal temperature in Maricopa County of 230°F (110°C).

| Electricity is the dominant.energy source in the industry used .
primarily in;the crushihg and mixing processes. Fuel is consumed in
transportation and mixing in}transit. - In addition, ready-mix concrete
requiree large quantities of hot water for cleaning, mixing and storage.
Thus, tﬁis industry is a good candidate for geothermal heat useage. Further

investigation of this sector is required to make any additional inferences.

* Beet Sugar Industry (SIC 2063)
The beet sugarfindustry is comprised of plants primarily engaged

in manufacturing sugar from sugar beets. Beet sugar represents about 30

; percent of all sugar consumed in the Unlted States.

~ The varlous operatlons requlred for convertlng sugar beets 1nto
refined sugar are many andrcomplex, but they are ba51ca11y the same in all

plants. The basic processes consistﬂof_slicing; diffusion, juice purifica-

'ticn, evaporation, crystallization, and recovery of the sugar. Intensive

energy consumption is'involved in'transpertatien; slicing and the
evaporation parf of the process and the'pumping of water and air in pollution
control.
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In the direct manufacture of sugar there are no chemical changes
that require significant ameunte-offenergy. Almost all the energy intensive
.steps in the manufacturing.sequenCes'involve physical changes or unit
operations.‘}These processes consume energy for crushing, pumping, and
centrifugation, and heat for Solution; evaporation and drying. The steady
‘engineering improvemeni of the equipment necessary to make these various
; operations function efficiently has gradually reduced the energy requirement
for the sugar process‘itself; however,recent addition of water and air
pollution control devices has tended to reduce the downward trend on energy
requirements. |

In generel,,the beet sugar«plents,lecated in the northern severe
wineer elimates have a higher energy‘requirement than thoee inkthe milder
climates, partieulerily those in California and Arizona. One example
of this difference is rhat of storage. In the north, stored sugar beets
freeze at the plants or at effsite_beet dumps; thus, hot water and heat

(additional energy) are'required in the slicing and diffusing operation

to thaw the beets for j)roeessing‘. “In _addition, some plants use 700 gallons
(2649 liters) ofrwater efflnent pereton of beets sliced while others run
as h1gh as 3,000 gallons (11355 11ters) per ton of beets sllced Disposal
’~ of ‘this effluent under Env1ronmenta1 Protection Agency gu1de11nes requires
varylng:energy requ1rements. In milder cllmates, 1rr1gat1on dlsposal .of
‘Waﬁer is feesible.‘ In colder climates the effluent Tuns through several
control processes which has added an estlmated 25 percent to the electr1ca1
load of the sugar beet plant 1n recent years.

In 1972 it was estlmated that 04 2 percent of the total energy

 consumed in this industry was provided by natural gas, while coal provided
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26.6 percent.. Six percent'of thehenergy.requirement was obtained from coke,
used as a source’of’carbon'dioxide.' Bothgpetroleum products are purchased,

e1ectr1c1ty prov1ded a relatlvely small amount of energy. -

In sum, the temperatures requlred fbr the unit operatlons in the

sugar beet 1ndustry are low, ranging ‘between 75° F (24 C) ‘and 250°F (121 C).

The average assessed geothermal’reservoir»temperature is 2309F.(110°C) in

~ 'Maricopa County. The potential for the use of geothermal heat is good, -

especially in the subprocess where the cascading of heat is used with all

steam from boilers used ‘in the evaporators.

‘Maricopa County has one large plant in this industry, employing

over 400 workers.

Ice Cream and Frozen Desserts (SIC 2024)

There are six firms in Maricopa County that fall. under this:

category. These establlshments are pr1mar11y engaged in manufacturlng ice

- _cream and other frozen desserts. Thls 1ndustry is not a major energy

consumer w1th1n the Food and Kindred Products Industry. Aithough the

freezlng process is rather energy 1nten51ve the industry ranked thirty-fourth
o

in 1972 The major energy—consumlng steps,of frozen‘da1ry products are

pasteur1zat1on, coollng and free21ng.
Electr1c1ty and natural gas were maJor energy. sources used by the

1ndustry 1n 1972 The d1rect uses of fuel are pr1mar11y for whey drylng

(60 percent) and milk carton f1111ng (30 percent) The remalnlng 10 percent

1s utilized for space heatlng

In the 1ce cream 1ndustry 54 percent oftheelectrlcal energy is

'_utlllzed for refr1gerat1on. Processrng equlpment accounts for 18 percent

_of the electrical energy ' The remainder is ut1lized for lighting, sales
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and garage and miscellaneous uses." The’industrx generated very little or
 none of itS“own'electricity.

Specific processes and their respective required heat temperatures
have not yet been identified; hurther'research in this industry is

necessary.

bottonseedIOil Mills (SIc 2076)

' This.industry is comprised of plants primarily engaged in manu-
facturing vegetabie 0ils. It excludes those plants primarily refining
vegetable oils into ed1b1e products.

ThlS 1ndustry is the smallest w1th1n the fats and oils 1ndustry
kgroup ;nvtermsvof number of plants, value of shipments, and number of
| employees. Plants are generally located near‘the_specific‘crop area from
| which the regetable_product is obtained.' Maricopa Couhty:has two cotton-
R seed plants. | 7’ | |
Cottonseed oil mllls consume about 6200 Btu/1b of cottonseed Two
| types of operat1ons are presently being used in the industry to process‘

,cottonseed;? mechanical screw press and solVeut extractiou. .The screw -

vﬁdpress operatlons are used by 75 - 80% of the 1ndustry. ’The energy breakf
down for each maJor step of the process is glven in Table 3-1. Steam at
'about 275 F (135 C) 1s ‘the process heat transfer medlum._;

Steau is used 1n most operatlons along with a solvent for oil
kiextractlon. The toaster solventlzer must reach 215 C but all other

operationsfare not temperature‘dependent. Geothermal heat could easily

o be used as the average assessed geothermal reserv01r temperature is 230° F

_ (110 C) in Marlcopa County.
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Table 3-1: Cottonseed Oil Mills Energy End Use Requirements

End Use Activity Energy Type Used "~ 'Percent of Total
Seed Conditioning - ' Steam 20,7
Extraction and 0il - o
Recovery ' Steam 27.6
Mechanical Power . ~ Electricity 30.4
“Lighting _ Electricity 0.6
Boiler Losses ' Fuel to Boiler 20.7

Source:: Energy-Saving Techniques for the Food Industry
. Noyes Data Corporation, Park Ridge, NJ 1977

Plating and Polishing Industry (SIC 3471)

Therezare four firms.in Maricopa County within this industrial
class. A study completed by the University of Arizona, Energy Management
and Policy Analysis Group, indicates that various process heat temperatures
fbrvthe unit eperations_are necessary in the Plating and Poli;hiné Industry,

| The subprocess'of'platiug~beths ie the only process identified for
wh1ch geothermal energy has potential Thls process requlres heat temper-
| atures between 130 F (54 C) and 215 F (102 C) Presently, the industry .
is using e1ectr1c1ty as its fuel type w1th the medium hot water used d1rect1y.

Thus, the potent1a1 for the use. of geothermal energy -in th1s
f _operat1on is good, g1ven the average geothermal reserv01r temperature in

the county is 230°F (110° C) o

: 3 2 P1ma Countz
. Prlmary Copper . (SIC 3331)

lea County is the largest copper pfeducer iu‘Arizona. It provides

40% of the copper produced in the state. There are about 2,200 million
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tons of proven copper ores in the'aree;

The typicel process heat requirements for copper smelting and |
refining are summarized in Table’S;Z. Process heat requlrements are in
excess of 2000°F (1093 C) w1th the exception of the drying of con-
centrate and the~heat1ng of_solut1ons.

The copper industry in Arizona does not dry the copper concentrate

prior to smelting. The'Smelters'utilize a wet-charge of copper concentrate

Table 3-2: Typlcal Process Heat Consumption in the Copper Industry

Process ’ . ' Teémperature’ ¢ F) § °c) : MBtu per ton
Smelting : : A
Drying Concentrate- ' 200 : 93 1.40
‘Reverberating Furnace .. 2200 .. 1204 " 14.67
Convester N 2200 01204 : 0.89
S 2050 1121 3.49
Acid Plant o . S ' 0
Electrolytic Refining ,
‘Heating Solution ‘ 140 . 60 ‘ 4,34
Me1t1ng Cathode : o 2050 _ 1121 - 1.87

- TOTAL B o 28.6

Sonrce:, Battelle Labs, Final Report on Survey of the Applications of
' Solar Thermal Energy Systems-to Industrial Process Heat, Vol. 2,
~ Industrial Process Heat Survey, January 1977

and thuS'do not have the direct drying‘process.' The same total amount of
energy 1s consumed whether or not the concentrate 1s dried prior to

sme1t1ng or durlng the smelting process. Thus it would seem a geothermal

"pre-dry1ng of concentrate prior to smelting could afford a significant

12

energy reductlon. ‘The potent1a1 exlsts to displace about 1.4 x 10°“ Btu's/

'yT;of conventional fuel. This represents about 4% of the total thermal
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- Anode Refining

energy use in the industrial sector,

The elecrrOIytic refining process uses process heat in the 140°F
range for heating of electrolytic solutions. The solutlons are constantly
ma1nta1ned at 140°F (60 C) to 170°F (77 C) as shown in Table 3-2, It takes
- 4.34 MBtu/ton of refined copper to heat the solutlons - The total energy

12. Btu' s/yn for thls process. There is a potential’

-requ1red is about 1. 2 x 10
‘appllcatlon of geothermal to this process. Presently most of the heat re-
quired for this process is supplied by natural gas and fuel oil. Table 3-3°

indicates the process heat use for all the individual processes.

' Téble'3~3:- Aggregate Process Heat Requirements for Primary and Secondary
' Copper - Trillion Btu's/year, 1973

o B Hoé”k‘“a‘t’é}“ S ,Stean
~Process ST - under -100° C 100-177°___ Over 177°C C

Copper . (primary & secondary)
Drying 0
~Reverberatory Furnace S , 0

‘Converting . ' ' 0

0

QOO0 O
OO0 OC

Electrolytic Refining - 4.6

S S glrect Heat/Hot Alr o
Process S L under 100 C 100-177°%c ~ Over 177 C-

- Copper (prlmary & secondary)
Drying -

Reverberatory Furance _
Converting = .

Anode Refining

~ Electrolytic Refining

oco0o0Oo6
OO0 0O0

- Source;g_See Table 3-2 for Source

A new copperxrefining process has recentlygbeen developed which
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offers‘pdssibiiities for geothermal applications. The new orOceSS is a
)fhydrometallurgical extraction of copper. This process is a low energy con-
sumer, with an assessed totalyenergy requ1rement of 32 MBtu/ton. The process
| energy requlred for solution heatlng is normally prov1ded by 30 psi steam,
at about 250°F (121 C). The solution temperatures requlred for this process
" “are ‘about 100°F (37 C) to 225°F (107 C), su1tab1e to geothermal application.
The assessed geothermal reservolr temperature for Pima County is 212°F (100 C)

‘In add1t10n, it is 1mportant to note the copper dump leaching process
is‘oracticed in some form in“ali“of the mines in Pima County. Given
the fact that the iucreased,temperatures of the leaching fluid enhances

the rate of copper extraction, geothermal'energy could be used to heat the

leaching fluid, serving as a subStitute,for_fossil fuels. This application
~does not require high geothermal temperatures like'those required by power
~generation. ‘Consequently,“this application_could,use the potentially
- abundant, 'low-to-moderate geothermal resources in Pima County.

 Soft Drmk Industry (SIC 2086)

The 1980 Arrzona Dlrectory of Manufacturers llsts three firms
w1th1n th1s 1ndustry in P1ma Countys These are primarily‘engagedbin
manufacturlng soft dr1nks and carbonated waters. The most-common plant'
‘is that which bottles._ The slgnlflcant operatlons with potent1a1 geo-
’thermalfeneréy use are: fructose storage,_returnable bottle washing,
can washlng and clean up.~‘_' | , i

Presently, natural gas is used for a11 of these operatlons with
hot water as ‘the medlum Fructose storage requiresaiprocess heat tempera-

ture of 90 F (32 C), bottle washing 170° F = 190 F (77 C - 88 C), can washing
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between 13OQF,(54°C) and léoof-<66°C)’and the'clean-up‘operatien.requrres
water ;emperatures‘of 140°F ; 170°F—(60°C«; 7760).- It is estimated that
the.bottle and  can ﬁashing proceéses alone consume about 0.19 x 1012 Btu's/yr.
Thus;/the abeve‘identified‘procesaes appear to'be very suitable
applications of geothermal process heat;'giVen the aeSessed'average

- geothermal temperature in Pima County‘is 212°F.C100QC).

Ready Mix Concrete 'Indusfry- (sIC 3273)
There are three large firms wifhin this industry in Pima County.
The basic principal associated with this induStry is thaf the concrete
ie poured wet and allowed to set at ambient temperature at the jeb site.
Therefere; mest of the temperatnre‘needed for process heat requirement
is between 160°F (71°c_j 'and‘2209F‘(104°C)‘. The estimated geothermal well
temperature in Pima County is 2129F (ioo°cjr This would indicate potential
. T : v
for geothermal use for this process. |
Electr1c1ty is the prevailing energy source in the 1ndustry used
in the crush1ng and m1x1ng process. ;Fuel_ls consumed in transportatlon
and mixing in ;ranslt,v In addlalon,brhebready.mix concrete industry
reduires large qnantities'of hot water fer cleaning,’mixing and storage.
>A11 of these factors would seem to 1nd1cate that the industry is a good
candldate fbr geothermal heat useage. |

3. 3 Pinal County

' Prepared Feeds Industry (SIC 2048)

The prepared feeds 1ndustry is compr1sed of plants pr1mar11y engaged
in manufacturlng prepared feeds fbr 11vestock and poultry and’ certaln

feed 1ngred1ents and adJuncts, such as alfalfa. meal and feed supplements.
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There is one plant within thisiindustrial classification in Pinal County
uhich produces complete cattle feeds, range and feedlot supplements and
complete horse pellets..

There are significant differences'in energy requirements per ton
of feed processed among'the‘various industry segments, primarily due to the
,xdlfferent amounts of energy required for drying. Approximately 14 000 Btu
are required in manufacturing a ton of dehydrated alfalfa as contrasted to
about 400 Btu for the other types of prepared feeds.

The plant in Pinal County manufactures dairy and range feed, seed-
lot supplements which is a base mix for feedlots, and horse pellets made
with alfalfa. The alfalfalin Arizona is sun ~cured rathervthan.dehydrated
which is the least energy consuming of all the processes. (The former
- process requires 2.4 million Btu/ton»whereas the latter, 13.0 million

Btu/ton)

The manufacturing operations for prepared feed and sun-cured alfalfa
, includes procurement of ingredients, processing (grinding, rolling, steaning,
etc.) mixing, forming (pelleting, extrusion) packaging and delivery. The form-
: ing processes consume the major portion o£ energy. ‘Almost 90 percent of the
.energy required is in the form of steam.i Forming slso accounts for about one=~
"‘third of the purchased electricity. Over 90 percent of the purchased fuel 1s
used in the dehydrating process. A significant portion of the fuel, 5.5 per-
—cent,»is expended in harvesting andvtrensporting (diesel fuel and gasoline).
‘Less than i percent of the fuel is'usediin'pelleting.‘ |
‘ The breakdown of energy consumed in this 1ndustry is estimated to
be 52 8 percent prov1ded by natural gas, 10 6 percent by fuel oil, and 27.6

percent by purchased electricity. Over nine percent of the energy was
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obtalned from sources other than those 1nd1cated A large portlon of this
‘gasoline and d1ese1 fuel was consumed in harvestlng and transporting.

The type and amount of energy used in the prepared feeds segment
(excludlng dehydrat1ng) for the various manufacturlng processes (end use

activities) are as shown in Table 3-4.

- Table 3-4: Energy‘Use in the Prepared Feeds Industry

' . , : . N - Percent of
- End-Use Activity X " Type Energy Used "~ Total
Drying (direct use) : Fuel : : 1.0
Boiler losses : Fuel to boiler . o 18.6
Conditioning, flaking, ’ ‘ o .
- and pelleting : ‘Steam S v : 36.6
-Plant heating and other ' ' . o '

Steam uses o . Steam - 6.7
Mechanical power P Electrlclty _ -35.2
L1ght1ng A Electricity . 1.9

o 100.0%

Source: - Energy-Saving Technlques for the Food Industry
Noyes Data Corporation, 1977 _

The largest‘amounts'of energy areyerpended in the conditioning,
_ flaklng and pellet1ng operat1ons (steam) - and obta1n1ng mechanical power
| (electr1c1ty) Flaking and pelletlng operatlons consume. close to- 37
'percent of the total energy, 95 percent of ‘the electr1c1ty is used in
' operat1ng motor and other mechan1ca1 equlpment and more than a th1rd of
the energy consumed in the industry 1s used in Operatlng these motors and
equlpment.: One’ percent of the total energy is consumed in drying operations.
The type and amount of energy- used in alfalfa dehydratxng is in-

dicated in Table 3-5. Almost 85 percent of the energy is used in drying.
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"The only steam used is for cond1t10ning in pellet1ng, and represents one

-percent of the total energy consumed

use fuel) and mechanical power consume about the same amounts of energy

(7-8 percent);

Table 3-5: Energy Use in Alfalfa Drying

Transportlng and harvesting (direct

: o Percent of

End-Use Activity " Type Energy Used " Total

Drying (direct use) Fuel . 83.7
Transport and Harvest Fuel ' 7.3
Boiler Losses Fuel to Boiler 0.3
Conditioning for Pelletlng . Steam . o . 0.7
Mechanical Power . Electricity ‘ 7.7
Lighting Electricity 0.3

' o 100.0%

Source: Energy-Saving Techniques‘for EﬂéfESSE'ih&astfyf
Noyes Data Corporation, 1977 :

Although process heat temperatures for these operations were not
identified, geothermal energy could be used as an energy-sav1ng measure.
' The greatest saving potential is in the b011er ‘operations to heat bo11er
feed water. Further 1nvest1gat10n is necessary to determine the requlred
process heat temperatures for each operatlon and the potential for geo-
thermal energy. The rlslng cost of fuels and e1ectr1c1ty has st1mulated
f‘an 1ncrea51ng 1nterest in conservation w1th1n the prepared feeds 1ndustry.

3.4 Northern Count1es

Ready Mix Concrete Industry (SIC 3273)

There are seven large firms in this industry principally located
~ in Mohave Connty; The readysmixvconcrete'induStry!s1principa1 characteristic
~is that the COncrete isrpayed wet and remains at ambient temperature. Thus,

~the temperatures:needed for:process heat generally fall betWeen 160°F and
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220°F (104°C). This is well within the assessed average geothermal tempera-
ture of Mohave County of 230°F (110 C).

: Electr1c1ty and fuel are the dom1nant energy sources, the former
used in the crushing and mixing processes, theletter'for'transportation and
mixing in transit.‘ Ready-mix‘concrete also requires large quantities of
p hot water fer cleaning,‘mixing and storage. There is good potential for

the use of geothermal energy within this industry.

Saw Mills Industry (SIC 2421)
There are.fouf‘large mills under this industrial classification
located :in Northern Arizona, principally in Apache and Coconino Counties.

Th1s 1ndustry requlres warm process heat temperature never greater

than 180 F (82" C), Mbst of the processes require 77°F (25 C) The assessed
geothermal reservoir temperature in Coconino Countyvls 122 F,(SOOC) and

203 - (95 C) in Apache County.

The operatlon us1ng the h1ghest temperature is that of planlng Te-
quiring temperatures between 120 F (49 C) and 180 F (82 C) The majority

of the processes requlre temperatumes less than 80°F (27 C).

Geothermal energy could be used in the uashlng of logs, bolts and
rcarts (temperature requlrement = 25 C) in the drylng k11n (requ1r1ng
25 C) and for space heat1ng |
o Electr1c1ty is the domlnant energy source in the 1ndustry used in
almost a11 of the processes. A.breakdown of the total energy used and the
percentage a110cat1ons glven to fuel, e1eetrrc1ty and other sources is not

.available. 'Very 1itt1e;reseerchvha5-been epmpleted on this‘industry to date.
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Summary

Table 3-6 presents a tabularvsummary of iﬁduStries which may be able
to convert to geothermal energy for process heat needs. The information
presented is nstexhaustivebut does highlight'some Of‘the largest low-
'k\temperatufe consuming industries invArizona. Further endeavors should pro-

vide further verification of the information presented.

Tdble 3-6: Largest Process Heat Consumers by County

SIC ° o Energy Use ,,

ﬂEFicoEa (110°C = 230 °F) , ‘Btu/yx; x 10 "~ # of Firms
2086 " Bottled § Canned Soft Drinks 0.4402 _ 7
3444 Fabricated § Structural Steel 0.4344 26
3273 - Ready Mix Concrete - 0.2241 7
2063 .. Beet Sugar ' : 0.208 \ 1
2024 - Ice Cream § Frozen Desserts ' 0.1856 -6
3441 Sheet Metal Work . - 0.1278 20
‘3471 Plating § Pollshlng 0.1138 ' 4
2431 Millwork - 0.1042 24
3429 Special Product Sawmllls, N E.C. 0.0937 4
2076 Cotton Seed 0il (only AZ book) - . 0,5492 S 2
pima  (100°C = 212°F)

- 3331 .. Primary Copper .- R S ‘ 3
3444 - Sheet Metal Work oo 0.1459° 6
2999 - Misc. Manu. Products ‘ . 0.1663 3
2086 Soft Drinks . O : 10,0995 .3

3273 -~ Ready-Mix Concrete - " 0,0554 -3
2522 Metal Office Furniture = ' 0.0491 1
3441 Structural Metal =~ 0.0424 7
3449 Misc. Metal Work FEEIE 0.0366 7

2499 Misc. Wood Prod. , . .0.0351 3
2431 Millwork - ’ , o 0.0188 -
3841 Medical Instruments L . 0.0168 1
Pinal (105 C = 221° °F)

3499 . Misc. Wood Prod., oo . 0.4526 2
2048 Animal Feed ' ' o - 0.323 1
2519 Misc. Furniture : ' 0.1802 1
2599 Misc. Furniture 0.1395 1

1

3441 Structural Metal 0.0164
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Table 3;6 COntinued

SIC _
Graham/Greenlee (105°C = 221°F)
2086 - Soft Drinks

3949 Sporting Goods

Yuma . (95°C - 203°F)

3299 . " Non-mineral Metals

Northern Counties

g Mohave

3273 Ready-Mix Concrete . (110°C)
: - Apache
2421 Saw Mills (110°C)

_ v S Mohave
3451 Screw Machines (110°c)
2591 Misc. Furniture §
' Fixtures

Energy Use 12

- Btu/yr x 10

0.0277
10.0083

0.0085

0.0061 -
0.003
0.002

'0.0015

# of Firms
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4.0 EVALUATION OF‘GEOTHBRMAL APPLICATIONS

During the third quarter of CY 1980, the Arizona Geothermal Team con-

- tinued to make pre11m1nary engineering and economic analyses for ten

selected geothermal appllcatlons.' Each appllcatlon for which work was
performed was deeﬁed'worthy‘of continued study based upon our knowledge of
theState'svgrowth rate; climate andhindustrial expansion. It is intended
that the studles performed by the Arlzona Geothermal Team w111 prov1de much
needed technlcal assistance to potential geothermal developers in both the
‘pub11C'and prlvate sectors. The following sections present a review of
work performed'during the’third quarter.'

4.1 Space Cooling and Heating

“Arizona has a vast market for geothermal heating and cooling systems.
. The market consists of hundreds of‘public and private buildings (schools,
»hospitais; coileges and militeryvinstallations)-es well as new housing
subdivisions thet may'overlie geothermal resources suitable for develop-
‘ﬁent. Further, soace cooling requires the use?of_electricity, currently.
the most expensive energy alternative in Arizona, In addition to these
facts, Ar1zona s rap1d populatlon growth and rapid industrial expansion
vmake geothermal space heatlng and cool1ng an- attract1ve energy a1ternat1ve'
for Arlzona. » _ A

W1th these facts in m1nd the Ar1zona Geothermal Tean has undertaken
two types of studles 1nVOIV1ng the ‘use of geothermal energy for space '

heatlng and coollng The f1rst 1s to study the use of geothermal energy

space condltionlng for new res1dent1a1 dlstrlcts." Currently, work unaer
_ thls task is proceed1ng 1n conJunctlon w1th John F. ~ Long Homes, Inc. of

Phoenix, Arizona. The newly planned subdevelopment is known as Maryvale

90



¢

Terrace and is4located on the west side of Phoenix. The second task is to
stndy the'applicability.of’geofhermal space conditioning for an as yet un-
known industrial or commerciai facility. When completed, both of these
tasks shbuld provide potential developers éf geothérmal resources with

accurate information to assist them in their development plans.

4.1.1 4besiggrconsiderations for District Systems
vahe‘arrangément of~fhe piping network is the first cdnsideration in
desigﬁipg a district space.conditionihg system. For a good balance between
ecdnomics and reliability of supply,'a radial network is preferfed.' How-
ever, such a neiwofk is often'impiactiéal Oor uncommon fbr residential
districts within the United States.
As was,meﬁtipned,vthe first task involved a preliminary assessment

of what we shall call a district space conditioning“system."To date,

- there are no operational districtvspace,heating and cooling'systems'in the

world. However, district heating systems‘for,entire communities have been

| operational for decédes in such European countries asiFinland,,Swe@en and

Denmark. During the third quarter;‘effofts were expended to study the
design technolbgies applied_in these European district heating systems in

order’to‘providé_ad?ice'to potential deVelopersvwithin,the State of

Arizona,

-Pipiﬁg ﬁetworksﬁfor district space conditioning systems must meet

four general conéideratiqns. ‘First, the piping'system must have good

resistance to corrosion. This is especially true if geothermal waters are

_ to be used directly in'thevdistributionvnetworks;_ Second,_the piping sys-

tem_must employ a simple means:of accommodating thermai'expansion. Third,
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pipes should be of standard.length and- easy toihapdle. Lastly; the pipes
pishould be eas} to lay and easy to:bend“ thereby minimizing installation
expenses. Careful consideration of these four cr1ter1a in the design
phase can 51gn1f1cantly impact the reliablllty and malntenance of the
p1p1ng network.‘
In deciding which pipe to uSe; several options are available, each

‘with edventages»and,disadiantages;V Pipe is generally available in four |
" materials, steel, copper, concrete'ahd plastic. Concrete pipes are used
for district heeting pipes_greaterbthan 12 inches (30 cm) in diameter and
arepusually insulated with insulating‘shells. One serious drawback to using
‘cencrete piping is’thelhigh,frietion factor, which makes it expensiie to
- pump water from one location tovanether,"Steel'pipes are used for both
primar&vand secondary systenms that require,diameters between 3 inches (8 cm)
“and lzllnches (30 cm). Copper pipes are most suitable fbf primary or
_ secondary d15tr1but10n systems requlrlng diameters below 3 inches (8 cm).
In addltlon copper p1pes have excellent corr051on resxstance and are f1ex1b1e
and easy to bend. ‘Flew veloe;tlee of up tevlo meters per second are also
~ possible with copper pipe without fiskpof dagagerto theﬁtube. Plastic pipes
are manufactured of high deﬁsity crosslinked polyethylene of high‘molecular
'>Weight;l»fhe fleXibility of plaStic'pipe\enables them to befinstelled and

eonnected et low cestt ‘Plestie pipes are fully‘reSistapt’to eorrOSion and f
iare 1dea1 for floor heat1ng systems if the maxlmum flow temperature does
not exceed 95 C and the pipe diameters are less than 3 1nches (8 cm). As
becomes clear, therehqlce:of‘plplng materlale can-heve a significant 1mpact
ron‘the‘reliability_end maintainability‘ef‘a dlstriet heating and coeling

system.
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Once the‘piping'materialsvhaVe been chosen, the next decision to

make is in choosing the proper type of insulation. Many insulating

materials are commercially available; however, only three are discussed

_here. The first is mineral wood insulation, which consists of grooved

disks with associated covers.,IOne‘benefit of using mineral wood is that
the element can easily be jointed to provide smooth bends when laying the
pipe.. The second optlon is to 1nsu1ate w1th glass wool. Glass wool is
water repellent and can w1thstand temperatures of up to 400°C though its
best 1nsu1at1ng characteristics are reallzed at a temperature of 50°C

The third optlon is polyurethane foam, not only the most common 1nsu1at1ng

~material in Europerbut also the best material in terms of heat transfer

and water absorptlon.

The piping and 1nsu1at10n is then protected in a prefabrlcated con-
crete duct. The,cross section of these ducts should contain two pipes with
about five centlmeters of insulation resting about lb centimeters above a
trench bottom. The minimum earth coverage should be .5 meters. Parts of
the concrete will requlre high quallty and should be manufactured at the
factory Slx meter sectlons welghlng approx1mately 2. 6 tons are pre-

ferred so as to_mlnlm;ze transportatlon problems. It should be noted that

dryer climates, such as in southern Arizona, will relax these standards

' considerably.

Each concrete duct should be placed in a- trench so that the top of

the duct is between .5 and 15 meters below the surface. Trenches 1n

"Europe are designed to w1thstand an axial load of 10 tons and a cover

‘ pressure’of»? atmospheres. Slnce the trench is not heat sens1t1ve,
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temperatures between 0°C’and 100°C are acceptable-
" As has been implied, trenches should protect the pipes from freez-

ing and also from moisture. Several steps can be taken to minimize the

‘effects of moisture. The concrete should be waterproofed and the longi-

tudinal joint’betueen the structure and the base plate-should‘be made out
of asphalt. If.fbllowed, these Suggestions will minimize the effects of
heat 1loss and corrosion.

| In constructing the trench, several steps are involved. Following
excavation, crushed stone 15 centimeters thick is placed on the bottom and
is carefullyvlevelled. A base plate_consisting ofvconcrete and asphalt is
then iaid. The concrete duct molds are‘then placed on the base plate and

sealed with cement. After the cement hardens, hot asphalt is used to seal

‘the cross sectional and longitudinal joints.

‘Primary and secondary,distributiOn systems typically use copper-
polyethylene materials. ‘Systems constructed of these materials can with-

stand a continuous pressure of 1;6 mpa at 120°C. The copper pipes are

. flexible and should be laid in a’sinousoidal pattern. This allows the

_p1pes to expand and the amplitude of the curve w111 increase as the

temperature of the fluid 1ncreases.; Copper p1pes .can be laid around

Vobstacles and can follow the topography of the ground,thereby reduclng

excavatlon costs.

Cross-pleces T-p1eces’ trans1t10n pleces and bends are also used
in the system. They are. 1nsu1ated w1th hlgh den51ty polyurethane foam -
and act to control the small axlal forces caused by thermal expansion.

It is also recommended that when laying long pipes w1thout branches a
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T-piece without the branch plugged should be used at intervals of 100

-meters.

For lower temperature circuits, plastic pipe is commonly used.

Plastic piping is fully resistant to corrosion and is designed for a maxi-

mum flow temperature of 95°C and a maximum pressure of .6 mpa. It is con-
structed of high density cross-linked polyethylene and is easy to handle,
bend, cut and connect. The workability of these pipes enable them to be

installed and connected at considerably low cost. Further, the pipes are

supplied in coils of 100 meters thus facilitating long and jointless in-

stallations. They are especially ideal for floor heating systems.
In conclusion, cohcrete is the only méterial that should be used

for primary lines with diameters larger than 12 inchestSO'cm). If other mate-

rials such,as steel or copper are used, the piping system becomes very ex-

‘;pensive; However, large concrete pipes are difficult to handle, transport,

store, install and construct. They are also very rbugh,implying a high
friction factor which results in increased pumping costs.
~For small communities the hot water demand is not too large;

therefore,pipes'with diameters greater than 12 inches are not necessary.

:1n this case, steel pipes with diamgtérs between 3 and 12 inches should

be used. Polyurethaqe'foambshoﬁld;be_uséd over polyethylene foam as the

insulating méteria} because it is better in terms of heat transfer and
water absorption.

“For small COmmunities requiring'pipes ;ess than thteé inches (8 cm) in

kdiameter, twoloptions_are available. When the water temperature exceeds

950(C, CQpper'pipe should be used; 'Not only does it have excellent
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sorrosion‘resistanés butiits flexibility makes it easy and simple;ts in-
stall thereby reducing.installation and connection costs. Pslyurethane or
polyethylene can be used as the insulating haterials

| If the water temperature is‘less-than 95°C, plastic pipe should be
“used. Plastic pipes'are simp;e to install and_connect thereby reducing
installatioh costs. Further, insulation is not required for plastic pipe,
again reducing installationvcosts.' Other advantages also include reduced
friétion factor, low corrosion‘factor and easy repair Qf mistakes. It is
felt that most‘systems'installsd in Arizona could use plastic pipe.

4.1.2 Potential Barriers to District Systems

As stated esrlier, cooling and héaﬁing pf entire subdivisions
_appears to be'anvattractivé geothexﬁal application for Arizona. The
economics of such systems are réasonable and the required technology is
commercially available."H6Wever, other factors exist that may act as: a
.bafriér‘to'devslopment 6fbdistrict>systems. Of major concern is the iegal
and rggulatqry treatpent”of‘Such;systemsvby the-Arizona:Corpo:ation Com-
'mission. ¢onflicts and ambiguities exist in current Constitﬁtioﬁal and
statutory provisions‘relatingsto geotherma1‘districtrheat;ng/cooling
systems, These.couiq impsde.théiQevslqpment‘of‘suchisystems'in Aiizona;
B ‘ThévArizqﬁg‘Corpbration Commission'ﬁas jurisdictioh over ﬁpublis
servise'corporations;"' Artlcle 15 sect1on 2 of the Arizona Constltutlon
defines such corporat1ons as follows
A11 corporatlons other than mun1c1pa1 engaged in carry1ng
persons or property fbr h1re, or in furnlshlng gas, oil, or

e1ectr1c1ty for 11ght, fuel or power; or in furnlshlfgrwater
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for irrigation;‘fire protectidn, or other public purposes;

or in furnishing;'for;profit;‘hotVOr cold air or steam for

heati_g or cooli_gipurposes or engaged in collecting, trans-

porting, treating, purifying and disposing of sewage through

a system, for profit; or in tranSmitting mesSages or furnish-

other than municipal, operating as cormmon carriers, shall be

deemed public service corporations.

The underlined‘prorisionsmin&icete proﬁiSioﬁsmrEléting"to'geothernel development.
It appears that neither. the quoted prov151ons nor judicial authority

1nterpret1ng them, prov1de coherent guidellnes for regulatory treatment -

of geothermal d1rect_uses. According towa‘l957.Ar1zona Attorney General's

Opinion;vabcorporationkwhich circulates hot and cold nater for heating and

cooling residences andbbusiness establishments would be considered a public

service corporation even though the Const1tut10nal definition does not mention

hot and cold water for heating and cooling purposes. Thus a Certificatetof
Public Convenience and Nece551ty must be obtained from ‘the Corporation Commi-

sion. In the 1966 Arizona Supreme COurt case Williams V. PIpe Trades

' vIndustry Program of Arizona (100 Ariz. 14 409 P. 2d720) the. Court concluded

that "there ...»15 no contemplated transfer of posse551on" in supplying
water for heatlng and cooling purposes as distinguished from consumptive
uses. - Such activities are therefore;outside'the Corporation ‘Commission' s
' jurisdiction{ .Thoseﬁsnpplying’water‘for heating and‘cooling purposes would
A begexempt from_Commission_jurisdiCtion;‘nhile those supplying steem for

heating and cooling purposes would be subject to Commission jurisdi%tion;
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Whether thls precedent w111 hold today is uncertaln.

The 11ke11hood of . regulatlon is even more uncertain when it comes to
Arizona's treatment of "pipeline corporations.' Article 15 section 2 of
:the Constitutibn‘defines'public service corporations'to include 'common
carriers." Article 15 section 10 of the Constitution declares that common
carriers include ... all ...pipeiine'corporations ... for the transportation

of water, oil or other property for profit."

However,‘Arizona statues de-
fine "p1pe11ne" as "all property used in transmission thru pipelines for
' compensatlon of a1r, steam or fluid substances, except water, through pipe-
lines " |

.such ambiguities in regulations may prove to be a deterrent to the‘
development of district heating and cooling systems and other direct uses
, utilizingbgeothermal energy. It may be that an Arizona Attorney General's
Qpinion;regardingpthe status of a geothermal district'heating/cooling system
(whether it is considered a public service corporation or not) may be
sufficient to clarify the regulations, However;rlitigation may prove to be
the only way of clarifying the regulat1ons. As it stands, untii and unless
Arizona clarifies 1ts Const1tut10na1 and statutory prOV1sions in thls area,
B it W111 be difficult to predict the legal and regulatory treatment of geo--

'thermal d1rect uses.

4. 1 3 Heat Pumps for HeatiAg and Coollng

' One characteristic of geothermal resources 1n Arizona is the fa1r1y

low temperature of the resource. Often the temperatures encountered are

i less than su1tab1e for dr1v1ng an absorptlon ch111er.' In these circum-

’_stances the use of groundwater heat pumps can turn low temperature energy
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into economically\usablefenergy for both heating and cooling. During the

third quarter of 1980, an investigation of_heat pumps was undertaken in

order'topprovide potential developers”oﬁ'geothermal energy with needed facts

- relating to heat pump technology.

Heat pumps are conventional vapor:eompression refrigeration machines
which can drive heat from areas of lower temperature to areas of higher
temperatures. When used:with geothermal water, heat pumps allow the
extraction of'more energy per unit mass than heat exchangers.can;provide,
so smaller flow rates are requlred Also; because the heat is transferred
from regxons of lower to higher temperatures, the geothermal fluid can be
at qu1te low temperatures. Therefore,»shallow wells with fa1r1y small

flow-rates and low pumping power requirements can be used as sources of energy

' by'the addition'of a heat pump to the system.

A schematic of how a heat pump works is presented in Figure 4-1 and
accompanies the following d15cuss1on. As was mentloned 8 heat pump is a
. : ) ' . []
machine which transfers heat from a low temperature source, Tc » to a higher

L
temperature sink, T, T, ‘and T are the temperatures of the worklng fluid

R | S |
within heat exchangers (HE) #1 and #2. Tc faTc - 15 F and T, = Th + 15°%F.

h
ThrOughout this system the working f1u1d is a m1xture of its 11qu1d and

gaseous phases. The quality of the mlxture or the amount of work1ng fluid
in the gaseous phase varies as it passes through each dev1ce in the system.

The eompressor and therexpansion value keep the pressure in HE #1 low and

~ the pressure in HEL#Z high;?rEnergy flows in the form of heat are denoted

by b, and expressed hy'W when they are supplied'by shaft work.
As ‘the worklng fluid enters HE #1, it 1s pr1mar11y 11qu1d The heat

flow from the low temperature source, Qin,:ls transferred to the working
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fluid as some of the liquid phase evaporates due to the low pressure in
HE #1. At this low,preSSure,hT is above the working,fluids boiling point.
The compressor adds more energy, n’ to the worklng fluid as it

ra1ses it to a higher pressure.
At thls high pressure, Th is less than the worklng f1u1d's boiling

point, so a portion of the gaseous phaSe of the working fluid condenses

in HE #2, releasing the heat flow, Qout’ to the high temperature sink.

- The presSure of the working fluid is then decreased by the expansion
value, and the cycle begins again.

By conservationbof‘energy>arguments,'it can be seen that

”'Qout = Qin Wi

Heat can be pumped in the opp051te dxrectlon by rever51ng the direction

v of flow of the worklng f1u1d within the system. Heat pumps which provide
'_heatlng and coollng do th1s by means of revers1ng valves and su1tab1y de-

.. signed heat exchangers and expan51on valves.'

The effectlveness of a heat pump is g1ven in terms of a coefflclent

of perfbrmance or C 0 P The c. 0 P for a heat pump is deflned as

Qout

C.0.P, T =

and'usuallyvlies‘in-the raﬁge.from 2.0 to 9.0 for this particular type
b(vapor compre551on) of heat pump Other types- of heat pumps have been o

= de51gned but w111 not be dlscussed -as they are not commonly used or

avallable commerclally as off-the-shelf items.

- The absolute maximum C.OQP.‘thet a heat pump can’have for a particular
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T o 1 ' ) ,
application with'Th and Tc -is called the Carnot C.0.P. and can be found

by

‘C.0.P.

Ganot = TV

. P T ' , .
where T, and T, are in terms of absolute temperature. The absolute
‘ temperature for the Bmglish system, T(oR), can be found as
TCR) = T (°Fj + 460
ThlS equat1on tells us two important things about C.0.P.'s:
1.v The C.0. P increases as the difference (T ~-T ) decreases,
and
2. the C 0. P 1ncreases as the temperatures at which the
system operates 1ncreases.r
Therefore, the C 0 P.,fbr driving heat from 150 F to 200 F is the same as
for dr1v1ng heat from 58 F to 100° F e
éi"660v L 560 _ e,
Carnot - Eﬁﬁiﬁﬁﬁf ' 560-51I8 ~ "

The actual c. 0 P. of a system is rarely greater than 40% of the

Vc.o.p

.»Carnot C 0. P for that appllcat1on.

Reverslble heat pumps usually have two C o. P s, one fbr heatlng and
ohe for coollng. The heat pump can be designed SO that either one is the
larger of the two.v Th1s may be useful in some c1rcumstances, such as here

Jin Arlzona where the cooling C. 0 P. could be maximized to decrease the peak
electrical power loads which occur here durlng the summer. |

F1na11y, the C. 0 P.'s for water to water heat pumps are the highest,
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followed by water to air, and'then‘air to air machines. Also the C.0.P.'s

fbrvheat pumps which dfive heat in oﬁly one direction are higher than the
C.0.P.'s of reversible heat pumps.

4.2 Geothermal Power Plants

During 1979, a preliminary theoretical evaluation of a 50 MW

geothermal power plant was completed for the Clifton area. This task was

‘included for FY 1980 because a cost analysis was needed.v This cost analysis

was to be perfbrmed by NMEI; however, it appears that the NMEI computer

model fbr electric power generatlon is not functioning properly Also,

NMElxdoubts whether the program will be updated durlng the 1980 calendar

year.

‘New work on this task includés interactions with Joe Hall of the
Western‘Area;Powef Administration (WAPA).’ Duiing-the;third quarter of.
1979, there was a fequest‘ffom DOE Headquarters: for the:correlation of state
gébthermal resour¢es with electricalvgrids as indicated on maps provided by
WAPA and the Bonnevillé Power Administration (BPA).A The objective was to
identify and match gedthermal resources witﬁ elegtric potential to municipal,

cooperative or investdr-owned”utilities‘that could in turn benefit from

.WAPA/BPA transm1551on and marketlng capab111t1es. ~The Arizona team in turn
".supplled DOE with a WAPA grld map (Flgure 4-Z)show1ng potential geothermal
'resources 1n Arlzona whlch may have electrlcal generatlon possibilities and

a table (Table 4 1) g1v1ng resource characterlstlcs and locatlons.
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TABLE 4-1: Inferred Geothermal Sites with Eiectrical Potehtial

A, Highvtemperature areas with good potential for binary cycle electrical generatidn.'

Name : ‘, - .- County " Location | Depth (km) Tegg.»gocz

1. Clifton Hot Springs ~  Greenlee ~  TAS,R30E 2.0 170

2. Eagle Creek Hot Springs  Greenlee ‘T4S,R28E - 2.0 v - 130

3. ~Gillard Hot Springs - ‘Greenlee ‘T4S ,R30E . 2,0 ' . 140

4, Martinez Ranch : " Greenlee _..T3S,R31E 2.0 130
2.5 .. 150

5. San Bernardino-Area - Cochise - T20-24S,R29,31E

B. Inferred high temperature areas where additional resource assessment is needed.

B N

1. Cactus Flat-Artesia . . Graham , T7-9S,R26E 2.0 110
‘2. Buena Vista - .. Graham T6-7S,R27-28E 2.0 120
- 3. San Simon . - . Cochise . .T13-14S,R29-30E = 2.0 120

4. Tucson Basin . = - Pima T14-15S,R14-15E 2.5 130

5. Power Ranch Area Maricopa - T1-2S,R6E 2.5 130

6. Alpine-Nutrioso- Apache © T5-7N,R30E 2.0 120

7. Verde Hot Springs -~ Yavapai T1IN,R6E 2.0 130
C. Areas with potential for hot dry rock technology

Springerville Apache T6-7N,R27-30E =~ na na
. Aquarius Mountains Mohave . T17-22N,R8-12W na na
.. Dome Mountains Yuma - T6-1S,R19-15W na na
. Flagstaff . - Coconino T23-25N,R6-7E na na

Source: Jim Wifcher, Arizona Bureau of Geology and Mineral Technology - Geothermal Group
(1979). '




w

4.3 Geothermal-Assisted Copper Dump Leaching

2 Work on this task, including:the-study of the use of chelating agents
for the recovery of cepper.from leachyliquors using‘solvent extraction is
pretty much complete. Results of the-study will Be evaluated by a mining
process expert (from Phelps Dodge) Qho is to begin work at the Arizona
Bureau of Geology and Mineral Technology. .

4.4 IneSitu’Leaching_of Uranium, Zinc and Copper

Work on this task is also pretty much completed. As with the copper-
dump leaching task, results will also be evaluated by the Bureau's mining
process expert. |

4.5 Geothermal Steam Turbine Pumping

~ Work on this task consisted of several interactions with Hugh Matthews

. and Warren McBee,ef Sperry Research Center, Sperry Research Center, the

coporate research facility of Sperry Corporation, has been designing and

field testing a new geothermal technology that could greatly improve future.

utilization of geothermal energy in Arizona,

Their new technology, a steam powered downhole geothermal pump, is

.fdesigned'to.boqs; efficienCy for high volumekpunping. ~This pump could be

used in irrigation pumpingcand other direct use applications. Insteed of

u31ng convent10na1 shaft drlven or submer51ble pumps, Sperry s system would

' utlllze the downhole energy of the geothermal br1ne.' The pump would cut

energy costs because once f1red it can v1rtua11y dr1ve itself,

Arizona appears to exh1b1t certaln characterlstlcs whlch are necessary

for Sperry s pumplng system to work These characterlstlcs are the_fbllowxng.

- A geothermal respurce Qf at least 200-250°F (930-121°Cj at some depth

less than 10,000 feet (3048 meters).
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- Shallow groundwater aquifers of less ‘than 1000 feet (305 meters)‘at
the same locatlon as the geothermal resource.
- Wide temperature extremes between the two waters.
Sperry has.proposed a three'phase_project ihvconjunction with the
Arizona Geothermal Team, These‘phases‘are as follows:

- Phase one would consist of a six;month study to define the number
and locations of occurenceS'of the previously mentioneo character-
isticsa

< Phase-two would consist of a_six;mOnth study to do economic studies
of the locations where the'tharacteristios do oc¢ur;

- Phase.three; pending favorablelresu1ts oh'the'previous two phases,
would consist of a field experiment1or'dem0n5tration project.

If the three phases were‘suceesSful,jit would lead to product develop-.

ment and marketing by Sperry.

4.6 Direct Thermal Use For Food Processing

4,6,1° Introduction

Arlzona has a few food process1ng plants, located malnly in the Phoenix

and Tucson areas. Typ1ca11y Arlzona producers have sent the1r crops to be

processed in Wlscons1n, Minnesota and Ca11forn1a. The food proce551ng

1ndustry in Arlzona is attractlve prov1ded that a stable, cheap supply of
produce is locally grown, and there is a cheap source of energy available.

For these reasons and the unpredlctable supply of water 1n the state the

: 1ndustry has not. grown rapldly in Arizona. =

There are two major proce551ng appllcatlons whlch 111ustrate the

above. The proce551ng of ch111 peppers in Douglas Ar1zona has been
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prof1tab1e because Arlzona is one of the largest producers of chili peppers
and they are cheap to grow. The canning and dehydratlng operations are
performed in,Douglas. 'Pickling cucumbers is another area in which process-

ing was started in Arizona; however, due to large water requirements, this

process is expected to be discontinued,

4.6,2 Description of Methodology

The methodology for this evaluation was to identify the future for

food processing in Arizona and assess the potential for geothermal energy

- use within the industry.'

’ 4 6.3 General Overv1ew of Economic Markets

Arlzona potentlally has a large market for use of geothermal energy
as a relativelyvcheap energy source in order for‘the'food processing
industry to become attractive. This‘industry is a good potential user of
moderate-temperature geothermal resources, similar to the industries of the -

Snake River Valley offIdaho. Preliminary estimates of the notentiallv

usable ‘energy in geothermal reserv01rs 1nd1cate that the moderate temperature

geothermal resources (90 150 C) could prov1de theenergy-needed for food

proce551ng.

4.6.4 Geothermal App11catlon Evaluation .

The purpose of thlS geothermal annllcatlon evaluatlon is to evaluate
the use of geothermal energy for food process1ng
A major use of process heat is 1n the c1ean1ng and ster1llzat10n of

Cans,and,Jars. Thls requ1res temperatures in the range of 180 to 190 F

o (82°-88°C);~ Another maJor use for process heat is in the sea11ng and

ster1112at10n of canned products.

The pr1mary medlum for process heat in this industry is steam.
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~ Figures 4-3, 4-4 and 45 give a generalized flow chart of the three sub-

categories processes., Due.to different plant types and processes, a more

‘detailed analysis was not conducted.

4.6.5 Summary and Recommendation’

The use of geothermal energy for the food processing industry could

provide the relatively chéap source of energy necessary to encourage the

development of the food processing industry in Arizona. It is thought

that if the present trend of price increases in conventional energy sources

continues, geothermal energy will become cost competitive with electricity

and gas during the next decade,

It is. recommended that this application be considered further during
the FY 1981 of this. prOJect. Presently the College of Agr1cu1ture at
the Un1ver51ty of Arlzona has shown interest in developlng this appllcatlon

for 1ndustr1es 1n the Phoen1x area.

4.7 Geothermal Energy Utilization in Modern Cattle Feedlots

'4 7.1 Introductlon o R _ ," .

The cattle feedlot bu51ness is an 1mportant segment of the Ar1zona

economy. Arlzona ranks 10th in size in the Unlted States based on its

~own agrlculture be1ng supplemented by the 1mportat1on of graln feed from

Texas and feeder cattle from Texas Colorado and Mex1co. ~Arizona also
prov1des much of the necessary graln from wheat and ma1ze, and 1ts own
proteln from alfalfa and cottonseed meal. The;state has 128 cotton gins
to prov1de the cottonseed meal Most of the feedlots are mOV1ng from the
Phoenlx.area to the agrlcultural belt- extendlng ‘from Casa Grande to Yuma.

Most of thefeedlotbeef is exported to Ca11forn1a.,
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4.7.2 Description of Methodology

The methodology for this evaluation was to identify the largest
cattle feedlots in Arizona and their location in terms of a potential
geothermaikresonroe; Essentialiyvall.of'the‘energy requirements of the
new developments in modern cattle feedlot operations are low temperature
in nature, Geothermal energy may be important in these considerations,
espec1a11y since these 1ndustr1es already have 1ncent1ves to go to more
sophlstlcated operatlons and also to more remote areas to minimize their
env1ronmenta1 problems.

4.7.3 General Overview of Geothermal Use Potentials

The use offgeothermalpresources for cattle feedlots is particularly
attraotrve when comoined with ethanol production; If.the govermment decides
to subsidize ethanolrproduetion as a gasoline additive; it becomes important
to see how thepbyeproducte of an integrated cattle feedlot industry would
_fitpinto such afsituation;

_4.7;4‘ General Overview of Economic Markets

Modern technology is beginning to impact upon the cattle feedlot
'bu51ness, espec1a11y due to the pressures of rising graln and energy costs.
'There is a fundamentally sound ba51s fbr expectlng future (also existing)
feedlots to become larger, more integrated business operatlons. Presently
:64 .5 percent of the feed cattle in Arizona are now produced in lots of
1, 000 head and larger.V

A feedlot has many requlrements; The oritdcal temperature of feeder
‘cattle ga1n1ng 1. S kg per day is from -31 C in November to -48°C in January.

The water and power requlrements are exten51ve.' A 700 - 1,000 16,
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feeder.stéér consumes 10-20 gallohé of water per day. -Additional water
is’neédéd’fbr the feedmill, equipment, labor and other uses. Water frbm
muhcipal-wafér systemsiﬁiusually too expensive,to use‘for cattle. The
water subply generally comes from wells or irrigation districts.
Electricity and gas or oil is used in feedlots'to poﬁer the mdtors
~ and tovfire fhe Boiiers ﬁsed for steaming or rolling in the feedmill.
Preliminaiy esfimates of the potentially usable‘energy'in geothermal
reservoirs indicate that the'moderate temperature geothermal resources
(900-150°C) could provide‘the energy needed in cattle feedlots. Con-
seqﬁently_econqmic mafkéts>for these geothermal,rgsdurces should be
_aﬁaiiab;e especiéily'dué'ta the pressures of rising_grain,énd energy costs.

4.7.5 Resource BValuation

~ The iargeSt cattle feedlots in Arizona are in Maricdpa,and Yuma
ounties. As shown in Figure 4-6, the majority of the feedlots lie close

to or within a potential geothermal area.

County Names
1. Apache
2. Cochise 3 S
-3, . Coconino
4, Gila
5. Graham .- v |
6. Greenlee 13
7. Maricopa 72
- 8. Mohave _
9, Navajo - » 4 .
10, Pima ) '
11, Pinal’ hd o
. ' , : 7 6
o 12, Santa Cruz ) » 5 o}
R 13. Yavapai L e : e |
‘ 14,  Yuma - o S TN v
R v o ‘
e Feedlots with # of ; ‘ @ 2
' " cattle > 70,000 heads _ LT
429 Geothermal prospects : ' '2’ : _95

Figure 4-6: -Cattle Feedlot Operations and Geothermal
) Resources in Arizona ' v

114




‘4,7.'6' GeOthermeI Application Evaludtion

Feed processing in beef cattle feediots comprises the largest
thermal energy for process use w1th1n the agricultural sector. Typlcally,
vthe raw graln component of the feed is steam moistened prior to mixing
with other 1ngred1ents 1n_the flnal.feed product. Of all the agricultural

thermal processes examined, cattle feed processing offers the most promising

B potential for geothermal energy

The feed processing cha1n requlres natural gas to deliver steam to
the.b011er~at atmospheric pressure. Steam is then funneled through holes
in_order to cobk the_érain, ‘Temperature requirementskfor steam generation
| ere in the 212-215°F'(100°;102°C) range, ideal for geothermal energy use.

'4,7.7 Summary and Recommendation

Modern technology is beginning to impact upon cattle feedlots creating
a trend for feedlots to become lerger,business_onerations. As energy costs
rise the economics.of'integrating~gasohol'production:With the by-products of
a cattle feedlot industry,beeomeS'mOre ettractive.

Essentiallyyell:of the‘energyireqnirements of the new developments
in modern cattle feedlot operations are’low-temperature in\nature._ Thus,
| geothermal energy may be 1mportant for these con51derat10ns, espec1a11y
since these 1ndustr1es already have 1ncent1ves to go to more sophlstlcated
,operatlons and at theiseme t;meAto move to more remote areas to mrnlmlze
their‘environmentel‘problems.;rThe pr0posed eveluation‘of‘this geothermal
energy appllcatlon in 1981 would flnd w1de 1nterest 1n Arizona and possibly
"c0u1d prOV1de leadershlp for s1m11ar evaluatlons in Ca11forn1a, Texas and
_other'Western stetes that depend heavily on graz1ng and feedlot operatlons
es part of theirveconomy. | |
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4.8 Geothermal-Assisted Coal Power Plants

4.8.1 Introduction

'As stated earlier, there are a few coal-fired power plants under
design or in conStruction in Arizona which overlay potential geothermal

resource'areas;' Two of these plants 1nc1ude one in Sprlngerv111e Arizona

'owned by Tucson Electric Power Company and a second tentatively planned

by Arlzona Pub11c Service Corporation near BOuse, Arizona. Both sites

- appear to be near potential geothermal resource areas and could possibly

integrate the ‘use of geothermal energy with their coal-fired plants.
Further, as Table 4-2 illustrates, the majority of further additions to
Arizona's power productlon capab111ty will be coal-fired plants. There-
fore future con51derat10n of hybrid coal/geothermal power plants may be
of benef1t to the state.;

Research .into utilizing geothermal energy resources in coal- f1red

' _power plants was completed in 1978 for the City of Burbank Ca11forn1a

by,the Ralph,M, Parsons Company. During the third quarter of 1980, a

‘review of this study was completed by the Arizona Geothermal.Commercializa-

tion Team. In eSSence, the hybrld system comblnes geothermal energy and
coal to 1ncrease the thermodynam1c advantages of a single coal- f1red power
plant, wh11e burn1ng lesser quantltles of f05511 fuel.

Ay

4.8. 2 System Descrlptlon and Methodology

The conventlonal method of utilizing geothermal energy for electrical

'productlon‘;s to generate saturated vapor from saturated liquid and then
'introduce it into a turbo-generator. The 11qu1d phase expands 1sentha1p1-

'cally through one or more additional stages of separatlon. The hybrld_system,
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Table 4=2: Future Availability of Electricity'Pfoduction

POWER PLANT NO. OF. ~ LOCATION - L DATE OWNERSHIP -~ BY PERCENTAGE . TYPE OF " TOTAL NET - NWET CAPACITY
: UNITS - (NEAREST TOWN) ’ COMMERCIAL : GENERATION CAPACITY (Mw) AVAILABLE TO
, o ‘ : : SR : - Az UTILITIES!
Additions : .
Apache 1. Willcox, Arizona - - Aug, ‘1979 --AEPC 100% 7. “Steam Gen - Coal - 175 175
Coronado B S -8t Johng, Arizona Aug, 1979 SRP 70%, Other’ 30%Z Steam Gen - Coal 350 245
: 1 ' 8t. Johns, Arizona Late, 1980 SRP 70%, Other 30 . © . Steam Gen - Coal " 350 245 -
' 1 " 'St. Johns, Arizona Indefinite SRP. 70%, Other 302 ’ - Steam Gen - Coal - 350 245
- Cholla - X Joseph City, Arizona. ~ 1980 : . APS 100% - } . Steam Gen - Coal -~ 250 K 250
B ; 1 -Joseph City, Arizona 1981 : APS -100% Steam Gen - Coal 350 350
. o : 1. Joseph City, Arizona Indefinite - APS 1002 : . _Steam Gen - Coal - 350 ~ 350
- Springerville- 1 Springerville, Arizona June, 1985 ©_TEPC 100% Steam Gen = Coal 350 350
: ‘ 1 - Springerville, Arizona  June, 1987 TEPC 100% ) " Steam Gen = Coal 350 350
: 1 - Springerville, Arizona = About 1991 TEPC 100% Steam Gen - Coal - 350 flexible - 350 flexible
Craig 1 " Craig, Colo. Sept. 1979 - SRP.29%, Other 71% " Steam Gen - Coal i 400 116
. 1 Craig, Colo. - 1980 : : SRP 29%, Other 71% Stéam Gen - Coal - 400 ) 116
San Juan - S San Juan, N.M. 1980 : TEPC 50%, Other 50% Steam Gen ~ Coal 468 234
1 San Juan,  N.M. 1995 ' TEPC 60%, Other 40% Steam Gen - Coal - 468 - 281
Palo Verde 1. Buckeye, Arizona . 1982 APS 29.1%, SRP 29.1%, - Nuclear 1,270 . .739
‘ : N ) . Other 41.8% : ) S
1 Buckeye, Arizona ‘ 1984 - "APS 29.1Z, SRP 29.1% Nuclear 1,270 739
‘ e _ _ " Other 41.8% :
1 Buckeye, . Arizona 1986 APS 29,17, SRP 29.12 - Nuclear . 1,270 739
o ‘ ) R ‘ - Other 41.8% T ) .
TOTAL ADDITIONAL CAPACITY : : , » : . 7,7 5,874
PLANNED DECREASES.. . - - . Bw : EXPLANATION - RET CAP. INVOLVED (Mw)
To Colo - UTE Power Co from SRP. .. January, 1982° s None : Recapture of 30% of Hayden #2 78.3
Total Decreases ' ' ) 78.3
OVERALL INCREASE ‘ : : 7,771 5,795.7

List of Abbreviations

AEPC - Arizona Electric Power Cooperative
APS =~ Arizona Public Service

SRP - Salt River Project

TEPC - Tucson Electric Power Company
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on the other hand, is more efficient than the conventional system from a

thermodynamic sense, but the'ecoﬂomics of'the'hybrid system are still in

doubt.. The answer to the economic questions depends on site specific

.condltlons, since a hybrld plant would have to be located near the. geothermal

resource.

P In the hybrid cycle, saturatedvﬁater is ueed to preheat the boiler
feedwater; therefere, less steam ie required: Consequently, for a fixed
power output the coal requiremeﬁt will be reduced end a smaller boiler size

will be required. However, the reduction in steam increases the mass flow

: for the'intermediate and low pressure turbine; therefore, larger turbines

are required for the hybrid plant. The f1na1 result is more eff1c1ent use
of both geothermal energy and the extractlon steam.
- Two methods of_preheating the boiler feedwater are available, the flash

system and.the binary system. In the flash system, saturated vapor from

* the brine,is,prqduced. In the binary system, vaporizing a secondary organic

fluid requires heat transfer with a large temperature difference between

the organic fluid and'thebrine.:This»cyele maximizes the use of the geo-

‘]thermal resource in terms of avallable work and power. The binary system

is capable of ut11121ng between 60 percent and 80 percent of the hydrothermal

energy.
'Several'general’considerations must be adhered to before a decision

regard1ng a hybrld plant can be made. Piping'high temperature geothermal

. f1u1d over long dlstances is 1mpract1ca1 therefbre, the hybrld plant should

'_‘be located near the geothermal resource area, In most cases, geothermal

resources are not optlmally 51ted with respeet to sources of coal, fresh water,

118




e

or transmission networks._ The economic competltlveness of the hybrld system
depends on the partlcular geothermal resource and its location.

In order to properly compare hybrid systems with conventional coal-
fired plants, one;must select a referénce all coal plant, a range of plant
sizes and a geothermal resource. The reference all coal plant is necessary
for comparing the economic performance of the hybrid plant. The coal-fired
plant is a guide for calculating the costs of the méjor components. The
range of plant sizes to be compared to the reference all coal plant should
nOt;he smaller than'those'typical of.coal-fired power plants. Fimally,'

the geothermal sites should be chosen to exhibit a wide variety of resource

.conditions.

For the City of Burbaﬁk’study,,thepIntermountain Power Project (IPP)
was selected as the reference coal plant for cost cthiderationskin the

hybrid-plant enalysis. The IPP endyhybrid plants would faee similar

| requisites relative to federal, state and local regulations, similar costs

for land, components and labor and similar environmental requirements.

Economic caléulations‘between the two plants would vary as the temperature

1 of the geothermal resource, cost oflcoal, cost of makeUp water, cost of

relectr1ca1 transm1551on, selsmlc factors and c11mat1c parameters change.

Most of the power plants that are currently operatlng or under con=-

. structlon have a generatlng capac1ty between 250 M and 750 MW, therefore,

a cyele was selected such that it mlnlmlzed the cost of power for the 750 My
and 250 M hybrld plants. Several assumpt1ons were made for comparlson
purposes. Flrst the IPP and the hybrld plants that are being compared

utilize a subcritical steam cycle. Second, the IPP plant used a single
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reheat cycle. Analysis indicated that hybrid cost optimizétion would occur
when reheat enthalpy was less than the amount normally used. Third, all

of the extraction steam in the hybrid plant would be used only to heat

~ feedwater to.températures.aboVe the ones achieved by the use of geothermal

fluid. - It appearéd that a single extraction minimized the hybrid plant

complexity. Lastly, the IPP cyéle used a turbine with a 90 percent efficiency

‘rating and the hybrid cycle an overall turbine efficiency of 85 percent.

In comparing'the two systems, the assumptions approximately balanced out.
The costs for the IPP design were used as a base for indexing all

costs. The cost functions for the power plant optimization calculations fell

,under»three_égtegories;vplant component capital costs, site-specific costs
. and plant financing costs. Primary emphasis was placed on_establishing {
. power plént coéés'in é relative sense rather than an absolute sense. Con-
‘sequently,.the results cénnottxegenerally applied to all planned coal-fired

. power -plants.

A number of parameters were cbnsidered under each of the above three
categbriesf‘ Plant component capital costs included: |
1) 1land and land ’r‘ivghtr_s" |
- 2) _struétuierand impfovementsi
3) station'electricify,'miscellaﬁéous equipment and tools .
4) aﬁkiliary béi;ef, steam,«fuel,;méchanical systems
5) coal héndling" | | .
: 6) induétriai waste
‘ 7) :steém generafor

8) turbine generator
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9) feedwater heat exchange -
10) flash tésk separator
;1) _cdndenser ,
155 “cooling towerb
15) pumps
.14) construCtién, labor,'managemeht
_ Site-specifié costs included:
1) drilling and surface’piping costs fbr geothermal wells
2) ‘cdal
3), éoolihg water
4) transmission
5) seismic risk
The annual averége plant castS’take'into}accbunt assumed inflation rates,
‘bﬁnd interest, and coai price increases, |
. In the‘h&brid cycle, any'thermodynamic pérameter may be specified as
an,qptimizable‘paraﬁéter; The foilowipg were considered when performing
optimization calcula‘tio'ns: |
‘ l)vkturbineriﬁlet temperature and pressure
2)> geothermal feedwater heater - outlet temﬁerafure
3) condensate'wgter tempéfature '
‘45, superheaterlpinéh point, AT
S);.résuﬁerheatgrrpiﬁch‘pqint,_AT
6) geothermai;fegdﬁaﬁer heater pinch point, AT
?) :cohdenSer pingh pdiht,*AT» .
8) fpreheat air temperatuie

9) cooling tower reject temperature
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In cases where the brine chemistry affected the performance of the

heat exchanger, the brine could be flashed and the vapor produced could be

“'used to preheat ehe feedweter. This effectively isolated the heat exchanger

from any unfavoiobie-effeCts of the brine ohemistry. This approach ied to
the idea of the multi-stage flash/separator.

In.choosing the number of flesh/separetors, it was necessary to look
at the bolance between heat transfer efficiency and the cost of using
additional stages. Sometimes additional analysis was required to determine

whether or not five stages represented the precise cost optimum. The

choice of the flash/separator method increased the heat transfer coefficient

three times.

4.8.3 Therﬁodynamic Behavior

For purposes of interpreting the conclusions of the stody some notation
must be defined. Consider a geothermal power plant‘that accepts a mass, Mg,
of geothermal fluid and produces work, Wg and a fossil fuel plant that
accepts a mass, Mf, of fuel and produces work Wp. If the combined mass
1nput Mg+Mf is used in a hybrld plant, it would.produce work, wh A hybrid
plant would be thermodynamlcally superlor 1f in u51ng the same 1nputs that

W,

A flgure-of-merlt is then deflned to be F = W—%W_" A hybrid
3 f . ) :

Wh } Wg+Wf
plant is thermodynam1ca11y superlor whenever F>1.
It is also uéeful to expiess the gain in work of a hybrid power plant

in terms of ‘the fuel 1nputs. As stated, an all f05511 fuel plant by itself -

v would produce work Wf The amount of work Wh-wf, would be the amount of

work attrlbuted to the use of a geothermal resource in a hybr1d plant. If‘

the same geothermal Tesource were used in an a11 geothermal plant, it would
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L - L ‘ ’ - W =W
' yield Wg. The study then defines a geothermal f1gure-of-mer1t Fg =h £

w .
g
The hybrid plant uses a geothermal resource more efficiently than an all

geothermal plant- whenever Fg > 1.

-
In the same manner, a fossil fuel flgure-of-merlt is defined to be
W =W
Ff = —hw-& . In this case, the hybrld plant would use coal more eff1c1ent1y
O f : . : _
: than an all coal plant if Ff >-1.
- , : . :
. Finally, an overall work amplification factor, Y, is defined as
- W ; :
o= Wh" When ¢ > 1, the work obtained by the hybrid plant is greater than
g ' _
e the work obtained by the geothermal plant.
L
3 4, 8 4 Study Results
Table 4-3 presents results of the comparison between the IPP coal- fired
] 'power plant and the proposed hybrid geothermal/coal plant. Note that the
- _ o ‘
. values presented represent index numbers or figures-of-merit as discussed in
the previous section.
- _ - :
Table 4-3: Figures-of-Merit for Hybrid Geothermal System
-~ Variable Maximum , Minimum
F 107 1.03
G - F S 2.38 - 1.52
S g : ,
. Fe 7 L ,1'19. e 1.03
v 32,6 10.9
e o Source: System Design Verlflcatlon of a Hybrid Geothermal/Coal Fired Power
B l‘ ~ Plant. C1ty of Burbank, September, 1978.
v : ~An F value of 1.07 means that a fixed geofhermal and coal input will
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produce seven percent more power in a hybrid plant than when used in
separate plants, Slmllarly, an F value of 1 03 means that a fixed geothermal
and coal input will produce three percent more_powar in a hybrld plant
than wﬁan used in separate plants. An Fg value of 1.52-2.38 means that the
same hybrid plan;dwili obtain between 52 percent.andvlss percent more use-
ful ﬁork from the geothermal resourcéAthan would an all geothermal plant.
Aﬁother Qay to'interpret this result is that the hybrid planf would bé
approximately 1.5 to 2,5vtimes more efficient than a geothermal pdwer plant.
Similarly, an Fe value between 1.03 and 1.10 means ;hat the hybrid power
A plant would'bb#ain bétwaén 3 peraeht and 10 percent more useful work than
an all doal plant. Finally, an § value of 10.9 to 32.6 means that the
bhybrid plant would produce 10 td 32 times mbre power than an all geothermal
'~power plant.' The results of the study suggest ‘that advantages are to be
galned in combining the two systems.

The,economics Qf the_hybrid plant'were‘foand to be more attractivé
when the gao;hermal resource was of high quality and coal at reduced'uﬁit
. cost. ‘A'good‘geothermai resqurda couldvﬁarable_to'pffset the high coSt,ofv
coal transportation. Coal savings per_yéar:for a 750 MW-p6wer plant were
- found to'be betaaen 6 parcent and 16 perceatidfran 511 coal power plant.
, Depanding on_ihelgfiteria uSed, this savings alone couldvjnstify the use of
dthe hybridlsystem._ |
| In additidn to coai savings, several other issues were addréSsed
within tﬁesstqdyi Spent geothermal fluid was used for condensate makeup
water and cooling tower,water. Each of these uses would requlre purification
of the geotherﬁal fluid. In'add1t10n, extra power could be generated when

the hybrid plant was operating at less than capacity by using the geothermal
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fluid. Other investigations included the use of the geothermal fluid for

_coal beneficiation, air preheating, flue gas reheating and plant space

‘heating. Fdr_each case, positive benefits were found which led to an

improved set of'ecoﬁomié circumstances for the hybrid system.
4.8.5  Conclusions

The study con¢1udéd that a hybrid geothermal/coal power plant was

veconomically'attractive, Not only did it use the geothermal resource more

‘efficiently than an. all geothermal plant, but it also used coal more

'efficiently and at an attractive cost. Several other reasons were cited

as advantages for the hybrid system. The hybrid system was found to be

‘less capital inténsive, used existing technology, and is insulated from

failures in the geothermal resource. For all of these reasons, it is felt
that the concept deserves careful consideration.

4.9 Satellite Urban Development

The Arizona Geothermal,Team has continued to support Dr. Mike Pasqualetti

'_ of Arizona State University for work in the Phoenix area and for work in

collecting data on how geothermal energy might be utilized in certain areas

of Arizona. The results of his work are as follows.

~4,9.1 - Introduction

Geotherma1~§nergy ﬁay'be-used:honeleétriéallf for a»&ariety of purposes,
including thé'ﬁeafihg_and éooling'bf ouf,homes énd‘businesses. Howéver, the
déyelppﬁent of the resburce is site-specific. ‘This meanis that the iesoﬁrce
musf be gevéloped wheré it,is'fbﬁnd. ‘Uhlike coal, oil, gas or uranium, heat
cannot be'moved long disténces‘without cosfiy’pipeiines and rapid loss of

efficiency. The site-specific restruction of nonelectric geothermal resources
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means'that the user as weli~as the resource must both be in the same location
in order to have potential-for development. Several of 'the sites in Arizona
may have thlS potential.

The 51te-spec1f1c nature of nonelectrlc geothermal resources puts sub-
stantial emphasis on the existing and planned land use of a promising site.
For this reason it is essential that the relationships between land use and
the geothermal resource be understood as soon as the»potential for such use
is recognized. The purpose of the proposed project is to investigate
these relationships with regafd to the Arizona sites with the aim of speed-
1ng the commercialization and development potential of the resource.

| Alternative energy development always faces obstacles of economic
feasibility, technical_constraints, and environmental impact. This is a

burden that conventional sources usually do not carry; the conventional

. sources have essentially solved the basic economic and technical constraints.

of the env1ronmenta1 1ssues facing alternative energy development, land use

obstacles are the most troublesome., This is particularly true with regard

to . a site-speoific resouree such_as' geothermal energy.

it»would.be eophterproductive' and unnecessary to allow land use to
add to the‘burden faced'by_deveiopers,of geothermal energy. The aim should
beAat temoﬁihgbas.maay.barriers aspossibie,'espeeially in view of the rising
cost of convent10na1 fuel sources. This is partieﬁlarly important to'those
on fixed 1neomes, Removal of these barriers can be a relatively inexpensive
step, especially when comparedrto the benefits, |

Eariy geothermal/land use‘planhing‘eah‘be compared to architectuiai
planning If you wanted a building de51gned that would accomodate handi-

capped people, it would be no problem fbr the architect if you told him
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before_attual design began. Hoﬁever,,if you told him your needs after hé
finished ali the plans and specifications it woﬁid be expensive and time
consuming to makg the requested adjustments. With regard to geothermal
enefgy development, it is a muchvwisér practice to plan for the development

of the resource now than to wait until everything else is proved perfectly;

" without planning, all development which occurs between now and some future

time when development is attempted can slow the commercialization of the
resource. If it happened not to impede development it would be by chance
only, not design.

4.9,2 Scottsdale Projéct

Several sités'in Arizona may have potential f&f nonelectric geothermal
devel@pment. Scottsdale has been examined as a possible ‘modelé city for
purboses of the project because it has a balance of ingredients useful for
such-Study and application. It has héd a steady history of progressive
leadership and planning;_ This history indicates a willingness to Iend_
cooperation to new ideas and suggestions such as geothérmal planning. It
encompasses areasvalfeady occupiedrgs well as areés pxesently,vacant} Thus,

the study'can<investigate the geothermal planning considerations in a *

retrofit circumstance as well as attempt to develop the 'ideal' patterns

possiblé in a vacant areé. It has a blend of residential, commercial,

institutional and industrial land uses. This blend allows the variety

of application potential necessary to meaningful study. The city engineering
| office has personnellwith geothermal experience, itself an unusual circum-

stance. Finally, the size of Scottsdale's population is neither too large

to be manageable nor too small to be insignificant. Thus Scottsdale is
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well suited as a site for the development of a geethermal-energy/land-use-
planning methodology.

The use of geothermal energy has been 1nvest1gated for several possible

applicat1ons at various sites in Arlzona.k Several industrial and commercial

operations and at least three housing developers have expressed

~interest in appiying_geothermalvenergy to their needs. Preliminary economic

analyses and engineering have beehicarried out for these applications, and
these results'could be applied to Scottsdale and other Arizona sites.

Arizona State University has funded a nonelectric geothermal study
aimed at determining the key land use factors in an urban area. Now that
these topics have been identified and geothermal developments elsewhere
have been oﬁServed, it is important to epply the results in Arizopa
communities. After the methodology has been deveioped for a 'model' site,
it would be epplied to other sites in Arizona,

Thejproject will consist of two basictthemes: optimization over the -
short term, and prOtection over the iong term; .Thevoptimization will aim |

towards commercializing the geothermal resource. in the near future' Such

.optlmization will depend on the geological findlngs but it will also be
‘“directly related to the land use characteristics in the occupied parts of
cities and in the parts of cities where commltments are in hand or are

imminent,

' The protection theme is one ﬁhich also stresses the need for planning;

: w1th spec1a1 regard to the land which w111 be occupied in the future but

for which no definite commitments exist at present. Both parts of the study

can proceed concurrently w1th or in advance of reservoir assessments and
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will léad to the developméni of planning suggestions to'optimize‘the use of
the resource. |
Thus, the suggestions will come to cities in two parts. One part
wiil deal with how tvoptimize‘the'use of the resource in the occupied areas. .
The second part'will address'the'development of the resource in areas not |
- yet oécupied. |
Once the suggestions are put into effe;t by a city, they wili protect
the city from those types of developments which would unnecessarily limit
the potential use of the resource. ‘The city would know where geotﬁermal
development is most feasible within the occupied areas, and the city could
plan “fof the optimum use of the resource in the presently vacant lands.
The‘cities in Arizona overlyipg.geothermal potentialbare in an en-
’ viéble position; 'If the resource proves out immediately, fhe plénning
~suggestions will be used to develop and apply the resource in the near
futﬁre; If the resource is marginal at presént, fhe plan can be used to
ensufe the future development potential of the resource against any in-
advertant‘actiOns whith couldvimpede.it. 
4.9.3 Methodomgy | | | |
| The_following five phaées constitute the methodolgy‘for,the‘modelvéity'
concepti | | | |

- Phase I - The Geothermal Setting._ The -resource will be discussed in

general,terms”as to how it may be applied to nonelectric purposes. History
_of,use of'geothérma1 energy in Arizona and nearby locations will also be

discussed. -

Phase II - The Developmental Setting. Geothermal development will

be investigated in terms of interest and support. State and private

129




¢

- interests will be mentioned.

The institutional aspects will be addressed and an analysis will be
presented of the local level of geothermal understen&ing and impressions

regarding land use barriers to commercialization.

Phase III - Application of Experiénce from Outside Arizona. A report
will be made mnthe:efforts.to commercialize the nonelectric geothermal
resource at'selected sites in Utah, Nevada; California, Oregon, and Idaho.
This disCussion'Will be in terms of the land use barriers.

4Foreign experience will be examined with particular interest in the
development of optlmum patterns for development. |

Phase IV - Appllcatlon of Model City. The findings in the first

three phases will be applied to a model city in Arizona. Existing and
plahnedllend use will be‘examined_for Several_criteria: (a) juxtaposition
of existing energy users whioh would allowvcaseading of the resource;v(b)
joxtaposition of ekisting energy users with the resource in general; (c)
adﬁostments.to}zoning and ordinances_applylmg to areas already occupied as

a means to increase the usefulness of the resource; (d) development of ideal

' patterns of areas presently unoccupled 1n terms of ‘piping layout well

locatlon, orlentatlon of streets, and Juxtap051t10n of possible users; location

of parcel size as a means to minimize d;sturbance of certain conditions of

‘quelity of life;,perticularly quiet; (f)'distribution‘of different parcel

ownerships‘to increase the options of the city if they choose to develop

" the resource themselves, (g) 1dent1f1cat10n of env1ronmenta11y sensitive

areas and problems, (h) prlorltlzatlon of areas for development.

Phase V -,Application of Other Arizona Cities. Once the methodology

is proved useful in a model city,'it will be applied to several other cities
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in Arizona which appear to have potential for the development of geotherial
energy.

4,10 Geothermal-Assisted Aquaculture

Studie$ Havé shown that some fish grow faster in warmer water. Similar
work has also been done on shrimp and prawns. The integration of geothermal
water and aquaculture (which is génerally definéd as fish farming in fresh
or brackish water) may help improve the economics pf fish or shrimp farming.

‘Fér'many years, fhrough aquaculture, Japan has been broducing larger

amounts of trout, sweetfish, carp and eel. The United States has basically

‘centered its aquaculture efforts on raising rainbow trout and channel cat-

fish. Both types of fish seem to have an increasing market in the U.S.
The main roadblock to farming of diffefent species of fish may be consumer.
acceptance. Aécording to a 1976 study on aquaculture, consumer acceptance
of sea food has been restricted to the higher forms in the food chain.
Even among the higher forms; preference for certain species are limited
tp aboﬁt 20%'of the total available species. Overcoming the problems of

color, texture and names with negativé connotations all stand in the way

‘  “ of using one Qf:theAmost.practical_sources of protein{ Attempts to increase

the markets‘of other types of fish are currently underway.

The economics of aquaculture using geothermal water becomes attractive

’ ,,becausé the fish grow bigger and faster than non-cultured fish. Another 

factor making the ecbnomics of aquaculture more attractive may be a number

 of new fish proceséing techniques incorporafed by the fish induStry. Such

new technologies such as better defbonihg equipment, commercial extruders

~ "Aquaculture", Feedstuffs, April 26, 1976, p. 13.
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for minced fish products and binding agents will eliminate much of the waste
thus increasing the amount of meat reeovered from each fish.

‘ Efforts to farm shrimp and glant prawns’ have been g01ng on in the U.S.

| for at least the past flve years. In 1975 the attempt to commerlcally grow

glant Malay51an prawns in temperate surroundlngs was begun by a research
sub51dlary of Sun 011 Company in Texas. In 1977 a prOJect grow1ng

Malay51an shrlmp commerc1a11y in ponds fed with warm water from a Sierra
Pac1f1c Power Company generating plant in central Nevada was begun. The

idea was to mix 100 degreeéplus water from the cooling ponds with colder
water to Bring it down to the 83-degree'habitat‘forvshrimp.' Since that time,
more projects‘raieing-shrimp in warm water hare proved successful. The
market for shrimp is growing‘and with a supermarket retail price of
approximately $7-$8 per pound; the economics of farming shrimp are attractive.

During the third quarter of 1980, the Arizona Geothermal Team was

~contacted'byquuaculture‘Prodaction Technology Ltd., of Denver, a firm

‘interested in 1ocating geothermal sites for the growing of shrimp. They

requested information on sites with the foilowing characteristics:
- Fresh or. bracklsh water hav1ng a temperature of approx1mate1y 90°F.
- A warm cllmate to’ allow the water to remain at that temperature
for as much of the year as p0551b1e.
They.plan to f11ter the water comlng into and leaV1ng the ponds so that.
they coulq cascade with other uses.k Informatlon on areas in Arizona with
potential for geothermal aqoaculture was chpiledﬂand‘supplied to thevin-

terested_company{a Tabiej4-4 presents thevresultebof that‘information.
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Table 4-4: Preliminary Table Of Areas In AfiZOna With>Potentia1 For Geothermal Aquacultute"’

' Couuty/Numbef; : ' t Location . Tempgtatufé'(OC) ‘ ‘ ’ Degtﬁ (Feet) TDS (ﬁg/i ,4

Yuma 1  7.8-95., R.ISW. ~ 50-60 <s0 < 3000

Yuma 2 - T.7-8S., RJ1-12.©  30-40 ‘ - <700 " < 3000

Yuma 3 T.4-6S., R.10-12W. 30-45 | < 1500 <3000

Pima & = | | "1;.19-203‘.,’R.31E. | " 30-45 | | < 1000 <500

Graham 2 - T.7-9S., R.25-26E. o 30-45 ' < 2000 <5000 .(Ar“te.sian' Wells)
Graham 4  ‘ © T.10S., R.28-29E, . | 30-45 o < 2000 ‘IOOOI(Artesian Wells)
Cochise 1. . T.125.-155. R.28-31E. = 30-40 < 1000 <500

Cochise 2  T.13S., R.24-25f:.v~ ~ ~ 30-50 < 2500 - < 1500

Maricopa '1" S TN, T.IS., R.6-7£. 30-40 < 500 < 1000

Maricopa 3 . T.2N., R\1-2E. - 30-45 < 2000 < 1000

Maricopa 4 T.IN., R.1-, 30-60 < 2000 < 5000

Maricopa 6 T,1-25., R.5-6W. T 30-35 <1500 < 2000

Maricopa 7. T;l—ZN.V, R6-7w.» 30-50 < 700 < 1500

Maricopa 8 T.1S.T.1-2N., R.8-10W. 30-40 < 2000 <1500

Maricopa 9 T.4-6S., R.7-9W. ‘ 30-40 <1000 < 3000

Maricopa 10 T.2-7S., R.3-6W. - 30-50 < 2000 < 3000

Maricopa 11 © T.2-35., R1-2W. | 30-40 < 1500 < 2000

Mericopa 12 T,2-35., RS-8E. 30-40 < 1000 < 1000

Note: The data in the table is a summary of numerous warm and ‘hot wells ( 30°C) known to exist in each
of the areas listed. Also, higher temperatures than those listed are possible at greater depth.
Prudent ceologic and geophvsical studies mav identifv hiecher temperature resources in these aresas




,5f0' CONTINUED EVALUATION OF GEOTHERMAL RESOURCES

During the-third quarter, the Arizona Geothermal Commercialization

- Team cont1nued to prov1de 1n—depth 1nformat10n on geothermal resource

locations and qualities in Arizona. This task involved interaction with
the Geothermal Resource‘Assessment.Teamlof the Arizona Bureau of Geology

and Mineral Technology, other state agencies and geothermal developers.

During this period, leasihg and drilling activities were also reported.

Leasing activity in Arizona increased after a relatively inactive

first half of 1980 (January-June). Threeﬁgeothermal lease applicetions

were submitted b& Southland Royaltylto the BLM in August. The applicatione,
were for a total‘Of 3675.76 acres in the Sen Bernardino Valley (Cochise

County). Also, the Ariiona State Land Departmeht called for bids on a total

- of 1915.40 acres of:state land in Pinal County. Anschutz Dr1111ng Company,
-w1th a high bid of $1 25 per acre received geothermal leases for these acres.

~ Currently, Anschutz is deep dr1111ng for 011 and gas in thlS area.

Dr1111ng act1v1t1es 1n_Arlzona also increased during the th1rd quarter.

vAs mentloned above, Anschutz has been deep dr1111ng for oil and gas in the

"Overthrust Belt" near Florence (P1na1 County) Ph1111ps has since gained
controll1ng 1nterest in the well They expect to drill between 20,000-
25,000 feet, Also dur1ng thls quarter, Union 0il of California received a

permit to drill from ‘the Arizoﬁa Oil and Gas Conservation Commission. The

: permlt 1is for a 1000 foot geothermal heat flow hole in the San Bernard1no

Valley Dr1111ng is expected to begln in early October. Lastly, the BLM
and USGS have 1ssued six permlts to Ph1111ps Petroleum to dr111 shallow
gradlent holes in the Clifton area, Dr1111ng is expected to beg1n_1n

OctObef or November.
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6.0 ENGINEERING AND ECONOMIC ANALYSES

6.1 Alcohol Production Facility

- Work began in the finel:days of the second quarter and continued on

into the third quarter on a'preliminary design of a 30 million gallon

‘alcohol production piant to be located in the Willcox-Safford area. Work

was performed in conjunction with Water and PoWer Resource Service (WPRS)

of Boulder City, Nevada. WPRS is currently interested in a desalination

'facility_to be located near Willcox which would use geothermal energy to

generate electricity and'provide potable water to the City of Willcox.

‘The~design of the'alcohol production facility is to utilize waste heat
from the desalinization facility, thus improving the economics of the en-

tire system.

6.1.1 Introduction

_ ThekAriiona Geothermal‘Commereialization Team has been accumulating
information on gasohol production by fermentation over the past few months

to evaluate the possibility of supplying part_ofvthe energy requirements

by geothermal energy

This br1ef prellmlnary design of an alcohol plant for a W111cox,

»Arlzona locatlon was a rush JOb taklng only f1ve days, 1n order to have
-some 1nformat10n for use in a June 24-25 meetlng with the Water and Power
: Resource Serv1ces, U.S. Department of Interior, Boulder City, Nevada. The
~de51gn and‘rough eeonomlcs are probably w1th1n 30 percent of real values,

~and are,dependent tovsome'extent upon the design prenises;

6.1.2 Process Descriptions and Technology

The conver51on of cellulose to ethanol cons1sts of four basic steps

1) Gr1nd1ng and pretreatment 2) Saccharlflcatlon, in which the cellulose
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is hydrolyzed_to fermentable sugars, 3) Fermentation, in which sugar is
converted to alcohol and other byproducts, 4) Separation process, in which

ethanol is separated from other products and purified as required.

P ————— e

Pretreatment 1nv01ves grinding, cooklng and coollng. The starch con-
tent of corn can be liberated into solution by cooking. The optimum times

appear to be 1 5 minutes at 350°F (177°C) (1,2). The temperature of 350° F.

(177 C) (1, 2) is produced by sparging steam at 247 Psia into the mash. The
mash is then cooled by flashing to 1 atm and then to 3.3 Psia, Some of the
steambﬁrodueed from the 1 atm flash operation is used to preheat the mash
before its entrance into the main cooker. There are two procedures. The
first mixes corn with the correct amount of desalinated water (@ 60° C) to
‘achieve a concentration of 25 gal/bushel (3). If the mash 13 too viscous,

a small amount of amylase can be added at this point to liquify it,

| The cooled mash'leaves the vacuum flash at 145°F (630C), and is mixed with
a streamiofvfungei'amaiase (o ~amylase). After mixing, the stream is cen-
trifuged to remore corn‘solids and aspergillus oryzae solids. The clear
lliquor containingramYIase and dissolved starch is sent to a converter'
(Saccharifier). 'The‘reSidence time is 3 minutes. “Acid cah he added keeping
the pH at 5. 5 (1,2). The average ve10c1ty 15 malntalned at 3 ft/sec.‘ The
saccharlfler has an 80% conversion of starch to sugar. The amylase continues
to convert starch to sugar 1n the fermenter (1) ‘The overall conversion of
starch‘to sugar 15,959. ‘After conver51on, the mash is cooled and diluted
| to a éoncentratiomyef_sé gal/bu.' The temperature of the mix entering the
fermenter is 35°C (4). | |

The fermenter is a continuous fermenter with‘a 95% efficiency.

Efficiencies over 93% are common (1,2,5).3 The residence time in the
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‘fermenter is 7 hours where sterile air is added (4). The fermenter product
is StS%.alcohol (by wt.)r The fermenter is equipped with a cooking gasket,
an agitator, and a draft tube with cooling coils. |

The a-enylase'enzyme needed to conrert the starch is prepared in a

:batch process using Aspergillus Oryzae as the producing organism. Aspergillus
Oryzae is initially innoculated.into a seeding tank. The culture in the

| seeding tank'is allowed to propagate for 30 hrs. at‘SOOC and a pH of 6.0
(6); The entire‘eulture is then transferred to a fermenter where a mixture

of,corn mash, water and nutrient selts have been prepared. The Aspergillus

Cryzae is fermented for 72 hrs. at 30°C and pH of 6.0. All fermenters are

' equippedeith-internallsteam nozzles for sterilizetion and cleaning. The

liquor leaving the alcohol fermenters is heated and pumped to the upper

_ sections of the beer’still As the beer passes down the beer column, it
gradually loses its 11ghter-b0111ng constltuents. The liquid discharged

from the bottom of the still through a heat exchanger is known as slop.

The 11qu1d carries protelns, some residual sugars, and some vitamin products,

: and is passed through a pulsatlng centrlfuge where the solids are removed

and used as a. const1tuent of animal feed The overhead (15 mol Y. Ethanol)

is sent to. the ethanol fract10nat1on column The overhead leaving this
fractlonatlon column (89 mol Y..Ethanol) is sent tO'a'vacuum still whlch
overcome the azeotype and produces 98 mol % Ethanol. Molecular seives will

‘be used to produce the anhydrous ethanol

A corn. stover fueled b011er system w111 be used to produce 620 P51a,

'T/D

' 600 F (316 C) steam. The boiler w111 requlre 384 of corn stover pro-

duc1ng 154 MMBtu/hr.
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A dry ice plantrcouldvbe‘built near the distillery'as_ohe means of
generating revenne from the_CO2 produced in the fermentation process.’
6.1.3 References : |
1. Gallagher, F.H., et; al., Ind. Eng. Chem., 34,'1395-1397 (1942).

2. Unger, E.D.; et. al., AIChE Journal, 40, 421-443 (1944).

3, Altsheler, W.B.,et, al., Ind. Eng. Chem.; 43, 467-472 (1947).

4. Cysewske, G.R., and Wilke, C., Biotech. Bioeng., 18, 1297-1313 (1976).
5. Rut, E.W., et. al., Ind. Eng. Chem. 40, 1154-1158 (1948).

6. Johnsen, S.,,Industrial Enzymes - Recent Advances.

= 6.1.4 Discussion of Heat Duties and ‘Available Energy

| This section will discuss the use of the available low—temperature heat
in the proposed'SO mm gallon ethanol plant.
Heateexchanger.#lnniii nee_37ibgpn.ef‘the distilled water'(cooling
it from 60°C to 29°C) to heat the feed. vThe‘heat dut} of this first ex-

6 Btu/hr heating the feed to 100 F (38 C).

changer is . 10 2 x. 10
Heat exchanger #2 uses brine to heat the feed from 38°C to 77°C.
The brine flow would be 475 gpm, and the heat duty is 23.8 mm Btu/hr.
| Heater exchanger #3 is located between the f1rst and second precooker.
It ut111zes br1ne ‘to br1ng the feed steam up to 88 C. Steam W111 be used
to raise the temperature in the second precooker up to 93°C. The flow of
‘brlne through this heat exchanger w111 be 380 gpm with a heat duty of
6.81 x 106 Btu/hr (exlt br1ne is 82 C, or a AT 2 C)
Heat exchanger #5 befbre dlstlllatlon uses d15t111ed water to preheat

feed to the beer st111_from 35° C to 52° C. The water flowrate is 420 gpm,

and the heat duty is 8.5 MM Btu/hr (AT = 4°C).
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v Heat e:c.bhanger #6 uses brine to bring feed to the beer still ffom
52°C to 92°C‘l. The heat duty is 20.73 MM Btu/hr, and the brine flowrate
is 594 gpm. - ' |

e The 'i'eboilér for the vacuum still will use brine with a heat duty of
16 MM Btu/hr-. The brine flowrate will be 533 gpm (AT =16°c).

: Heat exchangers 8 and 11 will use steam produced by the boiler. While

G’ duties of heat 'ex_changers 4, 7, 10, and 12ﬁwill use cooling water from a
cooling tower. Cooling water will also be needed in the alcohol fermentation

) 7 process (498 gpﬁ). ' | |

Q * A .

Table 6-1: Available and Used Heat

U : Available HEAT mm Btu/hr

< (6.,040 gpm) distilled water (AT = 140 - 85%F = 12°C) =  166.3
(29,120 gpm) Brine assﬁmed, (AT = 21°C)_ = -1020.3

o | - 1686.6

Used HEAT in Ethanol Plant ‘ mm étu/hr
Distilied water,‘ | 18.'}
.. Brine | . _(2_3_4__
86,04
v
o
.
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' Table 6-2: Mass Balances

-~ INPUT- ' OUTPUT

969 TON CORN 9.1 x 10% GAL EToH
DAY | DAY
1.56 x 10% GAL WATER 1.31 x 10% caL H,0
_ DAY . S AT
9.3 TONS NH, C1 | 76 TONS YEAST
TTOAY DAY
0.765 TONS MgSO,*7H.0 271 TONS CORN SOLIDS
: A 2 DAY
DAY
0.42 TONS Ca Cl,
DAY
6 .3 -
21.8 x 10° £t° STERILE AIR
DAY

94.6 x 10° £t> AIR to boiler
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Table 6-3:- Utility Table (For 30 mm gal ETOH/year)

‘AEEIication S

Coin Precooker #1
Corn Precobker:#é

~ Corn Cooker
Fléshtank #1‘ '
Fléshtank #2

Mash Cooling
Fermentation

Preheat to Béer:Still
,Beéf still Rebéilef
Beer Still ¢ondenser

Ethanol Fractionator
Reboiler . -

" Ethanol Fractionator
Condensor

Vacuum Still Reboiler

Vacuum Still Condenser = 95°F

Boiler

~ DDG Drying and Recévery -

. Energy Load Steam
Temp. (Btu/hr) Temp., Cooling Water
170°F ~34.2 mm  212°F -
200°F 7.5 mm  240°F -
350°F 50.1 mm 102°F -
- (50.1 mm)* . - -
- (15.9 mm)% - -
- 18.6 mm - 210 gpm (AT =
95°F 36 mm - 138 gpm (AT =
- 29.3mm  230°F -
210°% 22 mn 240°F -
201°F 20 mm - © 1,000 gpm (AT
210°F 15w 240°F i
174°F 12 mm - 600 gpm (AT =
110°F 16 mm 145°F .
12 mn " - 600 gpm (AT -
- astmmyr - .

15 mm

C* () déhoteévenergy produced

20°F)

20°F)

= 40°F)

40°F)

40°F)
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Table 6-4: Utility Summary

Steam - - Electricity
(mm Btu/hr) (KW)
‘Raw material storage and :
handling , -0 302
FERMENTATION < 50 S 4,207
DISTILLATION 97 24
nying and DDG Recoferyl 15 | 1,351
Product storage and o
. shipping : 0 : . 37.2
Utilities R 13 3,037

175 8,959
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Table 6- 5 ' Capital'Investment
fCapltal cost (1n 1980 $)

Fermentatlon Sectlon

_ Major Equipment = §12,300,000 (3) 0.6
- $9.05 x 10°
Raw Material Storage and handling
Capital cost = $1,149,000 (0.6) °-®
= § 845,690
DiStillation Section
| Total section cap1ta1 ' . 0.6
cost $631,000 (0.6)
= $464,430
: DbG,Recbvery and Dryiﬁg
- Total section cost o | v6

= $7,140,000. (0. 6)
= $5,255,197

"Product Storage and
- “Shipping

Total section capital B 0.6
~cost = $1,630,000 (0. 6)

= $1,199,716

Utilifies‘Section

Total section cost 6'
= $8, 855 000 (0 6)

= $6,517,474

" Total Cost of Purchased
" Equipment =- $23,330,000
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From Peters § Timmerhaus Page 104.
Purchased equipment = 23% of TOTAL

Fixed capital

investment
Total fixed'éapital investment = $23.33 x 106
, 0.23
= $101,400,000
o : ' Fixed Capital Investment. Cost
Component ' % of FCI* (mm$)
-Purchased Equipment 23 _ 23,33
“Equipment | | 9 9.126
Instrumentation § controls
(installed) - 3 ‘ 3.042
" Piping (installed) | 7 : 7.098
Electrical (installed) | 4 | | 4.056.
'.Buildings (including - ,

- services) - = o : 8 } ) 8.112
‘Yard Improvements | 2 7 2,028
Service facilities o . _ -

(installed) . . . 130 - .. 13.182
o Tbtalvdirect cost - ' 70 R . : 70.98"
Engineering § $upervision‘ - 9 ' 9.126
Cdnsiructioh‘expehse ; . 10 . 10.14
Contractor's fee = 2 SRR 2,028
_ Contingency = - o 9 ~ - 9.126
Fixed-capital v ' ’
investment 100% 101.4

"% % of FCI taken from Peters § Timmerhaus page 104.
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7.0 TECHNICAL ASSISTANCE

During the second qﬁarter, limited technical assistance related to

space codling for district type systems was provided to John F. Long, a

Phoenix land developer. Further detailed work was undertaken during the
third quarter for a Sﬁbdevelopment (planned by Long) on the west side of

Phoenix. A detailed report was completéd. This report for the Long sub- ~

division, is currently under review by P.R.C. Toups.

Technical assistance was'also pro&ided-to Western Electric Corp§ration,

a lafge~cab1e mahufacturing corporation, locétedbin Phoenix. Western
Electric expressed interest in utilizing geothermal energy for space heating
and cooling. Western Electric received.preliminary technical information
from tﬁe'Arizona Geothermal Team andAhas since requested more.detailed
technical assistance from Los Alamos Sciehtific~Laboratory. |

| Lastly, detéiled technical aséiétance wa§ provided to the Agricultural
Extension Sefvicé at the UniverSity of Arizona in alcohol production. Re-
cent intereSt;in alcohol production-iﬁ Arizona gqyplgd.with geothermal
resources which.cbuld Be usedlés a,primaty eﬁergy,source resulted in the

Arizona Geothermal Team's active participation.
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8.0  IMPACT OF VARIOUS GROWTH PATTERNS. UPON GBGTHERMAL ENERGY UTILIZATION

Work under this task hinges on the willingness of the New Mexico
Energy Institute to assist in this task. Data are available to input to

the.syetem; howeVef, the required man.hours at NMEI may not be available at

_‘this time. This task will be completed'by April 1981.

9.0 OUTREACH
Oﬁtreach.during the third quarter of‘1980 consisted of telephone
contacts and personal dlscu551ons with varlous persons within the state.
A meeting was held w1th the Mayor of Scottsdale to assess the geothermal
potential of the city and to develop a method by which Scottsdale (or any
other cify) couldvincorporaie flane'for geothermal development and usage
inte their long-rahée eity’develepment planning.
- A meeting was also held with the Meyor, City Manager and other

interested persons ef-Willcaxtodiscuss the geothermal potential of that

area,geothermal applicatione and possible funding sources. Willcox has

plans for a iarge size industrial park tovpossibly,include.an alcohol
‘prodnction’planteand}a pork-kill plant. In addition, Willcox'has an

olympic-sized pool which is‘only used a couple months during the summer

-~ due to the h1gh cost of heatlng the ‘water the rest of the year.. All these

could ut111ze geothermal energy

The Arlzona Geothermal Commerclalizatlon Team contlnued to provide
éeothermal 1nformat10n to P. R.C. Toups.: P.R.C. Toups, an englneerlng |
consultlng flrm has been worklng to determine the fea31b111ty of u51ng

geothermalrenergy_to provide heat and hot water for the new 120-bed Mesa

Lutheran Hospital As a result of their study, a proposal was submitted to

, the DOE under the User~Coup1ed Dr1111ng Program. Word on whether drilling
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e money.ﬁill be granted is still pending.
| A major outréach pfogram, in the way of a neﬁsletter; was also
undeftaken.during'this quarter. The Arizona Geothermal Team now publishes
ii S . bé monthly néwslétter called the Geothermal Resource. The mailing list,
| | of gpproximately 500 names, includes-federal, state andllocal officials
and pplicy-makérs, engineering firms, deveiopers, financers,vand other
L ‘ interested persons..
Lastly, outreach activities élsb included the completion of the.J.K.
'LeSSér sound slide show for Arizona and a newspaper article entitled
g " "Earth's Heat Studied for Industrial Use." This article was a result of

an industry Study completed by the Arizona Geothermal Team. -
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