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1.0 Introduction 

Dwindling o i l  supplies,  dependence on foreign o i l  and s t ead i ly  r i s i n g  

9 energy pr ices  have encouraged a more intensive review of alternative energy 

resources. Geothermal energy reserves are abundant i n  the  w e s t e r n  U.S. and 

may be ab le  t o  supplement this country's energy supply. 

ning e f f o r t s  have been directed toward estimating the  po ten t i a l  of geother- 

m a l  energy u t i l i z a t i o n  i n  Arizona, and f o r  providing information necessary 

Consequently, plan- 

f o r  its prospective commercialization. 

The Department of Energy (DOE) through i ts  San Francisco Operations 

Office has delegated r e spons ib i l i t i e s  f o r  the  indus t r i a l i za t ion  of geother- 

m a l  energy i n  Arizona t o  the  Arizona Solar Energy Commission (ASEC) vla a 

cooperative agreemen The ASEC assumed authori ty  f o r  monitoring the  pro- 

pro jec t  through its d i r ec to r  James Warnock and its associate  

Frank.Mancini, The ASEC i n  turn  subcontracted the  commerciali- 

zat ion and planning t ivit ies t o  the  University of Arizona. 
/ 

The Arizona Geothermal Commercialization Team cons is t s  of th ree  key 

personnel, one support person, and addi t iona l  temporary personnel. Key per- 

sonnel are: (1) Frank Mancini, Ph.D., Project  Administration; (2) Don H. 

White, Ph.D., Team ader; and (3) L a r r y  Goldstone, Pro jec t  Manager. The 

support person is Lani Malysa, Group Leade Their tasks are l i s t e d  i n  

ion  char t  of the  Arizona Geothermal Commercialization Team 
0 

f i r s t  years of the Geothermal Team were character- 

ing activities included the  iden t i f i ca t ion  and de- 

lineation of geothermal prospects, the comparison of conventional energy 

use pa t te rns  with geothermal sources,. the  preparation of area development 

1 
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plans and the  compilation of de ta i led  economic and energy data  f o r  each 

area. 

During 1980 and continuing on through 1981, t he  Geothermal Team 
c. 

changed its emphasis from planning t o  commercialization. 

themainemphasis f o r  t h i s  project  w a s  t o  produce plans and provide infor- 

mation f o r  geothermal energy commercialization. 

During 1981 

The technical  approach 

f o r  achieving t h i s  goal is t o  character ize  geothermal resources and pos- 

s i b l e  users. A program of d i r e c t  in te rac t ion  with business and community 

leaders  has been undertaken. Several approaches have been taken, in- 

c ludingthepubl ica t ion  of a monthly newsletter,  t o  increase awareness of 

geothermal resources and uses and t o  open channels f o r  fu r the r  communica- 

t ion.  

3 



2.0 Tasks and Objectives 

The ove ra l l  object ives  of t he  Arizona Geothermal Commercialization 

Team have been t o  produce geothermal development plans t o  be used by the  

pr iva te  sec tor  and t o  provide a source of information f o r  in te res ted  

p a r t i e s  i n  the  state. 

planning, commercialization, and outreach program. 

a s ign i f i can t  r o l e  i n  providing assis tance t o  po ten t i a l  geothermal develop- 

ers. Examples of tasks performed in  the  pas t  include the  following: 

I 

These object ives  have been m e t  through a balanced 

Each task  has played 

1) 

and analysis  of de ta i led  energy and economic da ta  f o r  seven areas i n  the  

The formulation of Area Development Plans involved the  compilation 

state. The r e s u l t  of these s tud ies  is a determination of po ten t i a l  mar- 

ke t  penetrat ion of geothermal energy i n  each of t he  areas investigated.  - 

Also, po ten t i a l  developers w e r e  i den t i f i ed  from the  r e s iden t i a l ,  commercial, 

i n d u s t r i a l  and ag r i cu l tu ra l  sectors.  

2) The evaluation of geothermal appl icat ions (formerly re fer red  t o  as 

S i t e  Specif ic  Development Analyses) involved preliminary engineering and 

economic analyses f o r  selected appl icat ions f o r  geothermal energy i n  

Arizona. 

thermal power plants ,  d i r e c t  thermal use f o r  food and i n d u s t r i a l  process- 

ing, geothermal energy u t i l i z a t i o n  i n  catt le feedlots ,  and satellite urban 

development . 
3) 

Pa r t i cu la r  emphasis was  placed on space cooling and heating, geo- 

The evaluation of geothermal resources provided information of Arizona 

geothermal resource locat ions and charac te r i s t ics .  

4) 
.I 

In ce r t a in  instances,  more complete engineering and economic analyses 

w e r e  performed and technical  ass is tance provided. The most important in- 

stances were on geothermal energy u t i l i z a t i o n  f o r  gasohol production and 
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geothermal energy for space heating/cooling for John F. Long, a Phoenix 

developer. 

Growth pattern impacts were studied to provide a better understanding 

of the role of geothermal energy in a fast-growing state such as Arizona. 

6) An outreach program for the purpose of providing information has been 

conducted over the past two years. 

Tasks for 1981 consist of six specific contractual tasks plus the 

completion of three tasks that were started during CY 1980. In addition 

to these tasks, the Arizona Geothermal Cammercialization Team plans to 

make modifications in order to broatfen the scope of work for CY 1981. 

Due to some positive results and findings during CY 1980, four additional 

tasks are being added for CY 1981. The six main contractual tasks for 

1981 are as follows: 

. ' Task 1, Integrated Alcohol/Feedlot /Geothermal Operation 
- - - -  __ ~ __I_4-_ li_ - ----- -- - _ . ~  --__ - 

The Contractor shall evaluate the integration of alcohol produc- 

tion by fermentation with a cattle feedlot, utilizing geothermal energy 

as much as is practical. 

agricultural crops and cattle feedlots over1 

energy resources, especially (a) in the Safford/Willcox area and (b) in 

the Casa Grande/Chandler area, to the south of Phoenix, 

at least one exploratory geothermal well in these areas will be encouraged. 

Specific locations will be considered where 
~ 

. . -  

igh potential geothermal 
I 

The drilling of 

.- -__ - ._ . - - - - - _ - - _  % - - -  - _ _  
Task 2. Geothermal Energy in Mining Industry 

The Contractor shall work with a subcontractor knowledgeable of 

and serving the mining industry of Arizona, to utilize low- and medium- 

temperature geothermal energy in such applications as copper dump leaching, 

solvent extraction plants of bulk leaching, flotation plants and in-situ 

5 
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mining of copper, uranium and other  metals. Special  a t t en t ion  w i l l  be 

paid t o  the  Clifton/Morenci area and t o  interactions with Phelps Dodge 

of t h a t  area, where extensive copper operations and po ten t i a l  geothermal 

resources overlap. 
I 

The d r i l l i n g  of a t  least one exploratory w e l l  i n  t h i s  

area w i l l  be encouraged and ass i s ted  from resource and use standpoints. 

Task 3. Geothermal Space Cooling/Heating 

The Contractor s h a l l  continue the  evaluation of using geothermal 

energy f o r  absorption cooling and heat  pumps i n  order t o  back out  elec- 

t r i c i t y  during t h e  heavy summer peak laad of May-September, and wi l l  at- 

tempt t o  i n t e r e s t  ce r t a in  major corporations and/or subdivision developers 

t o  pa r t i c ipa t e  i n  one o r  more exploratory w e l l s  in both the Phoenix and 

Tucson areas. 

Task 4. Iden t i f i ca t ion  of Sui table  Industry f o r  a Remote Geothermal Resource 

The Contractor s h a l l  evaluate and make preliminary technical and 

economic s tudies  of t he  f e a s i b i l i t y  of a t t r a c t i n g  a new industry t o  the  

remote San Bernardino Valley of southeast  Arizona, which is believed t o  

have one of the bes t  geothermal resources i n  the  state. 

Task 5 .  Food Processing/Irr igat ion Pumping/Biosalinity Ag riculture/Geothermal 

The contractor  s h a l l  study the f e a s i b i l i t y  of u t i l i z i n g  geothermal 

energy in  ag r i cu l tu ra l  areas, especial ly  the Yuma and Hyder Valley areas, 

where some of the  higher food and food processing crops, f r u i t s  and vege- 

tab les  could be expanded. 

Valleys of Cal i fornia  wil l  be considered f o r  adaption t o  Arizona s o i l s  and 

climate t o  mutually assist in  the  development of these two agr i cu l tu ra l  

areas which appear t o  have geothermal resources. 

I 

Certain prac t ices  of the  Imperial  and San Joaquin 

6 



Task 6.  Coal-Fired Geothermal-Assisted Power Plant  

The Contractor s h a l l  assist Arizona Public Service and other  

* u t i l i t y  companies of Arizona i n  making engineering and economic s tudies  

on the  possible  benef i t s  of u t i l i z i n g  geothermal energy (a) t o  reduce 

the  quant i ty  of coal  t h a t  must be s l u r r i e d  and pumped t o  the  p lan t  s i te  

and (b) t o  reduce the  t o t a l  water requirements of the  power plant.  

During 1980 a supplemental proposal with three  tasks  w a s  funded 

by DOE. 

findings were included i n  1980 reports .  

p l e  ted during 1981 and ;-ell- includethefo_l l? ing  : 

Work on the  three tasks w a s  s t a r t e d  immediately and some of the  

These three  tasks  will  be com- 
- 

- - ___ _. . __ - - 1-.. _I _I___ ___- ____-- - ____ - 

Task 1. District  Cooling/Heating of B S a t e l l i t e  Community 

The Contractor s h a l l  inves t iga te  the  f e a s i b i l i t y  of a d i s t r i c t  

absorption cooling and s 

owth area with geothermal potent ia l .  Cooling and heating loads and 

equipment necessary t o  m e e t  these needs w i l l  be defined. 

munity f ac to r s  w i l l  a l s o  be defined., A cost  study, possibly with the 

assistance of New Mexico Energy I n s t i t u t e  (NMEI), w i l l  be done. 

su l t i ng  product w i l l  be an informational 

Important com- 

The re- 

~ 

ness, f e a s i b i l i t y ,  energy saved, and f inanc ia l  incentives. 

The Contractor s h a l l  i n t e r a c t  with owners of l a rge  i n d u s t r i a l  and 

commercial f a c i l i t i e s  i n  Pho Tucson i n  order t o  def ine a system us- 

ing  geothermal 

lar i n t e r e s t  are l a  

rgy t o  meet t h e i  

facil i t ies i n  the  e lec t ronics ,  computer, and solid- 
I 

state industr ies .  A cost  study, possib with t h e  assfstance of =I, 
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w i l l  be done. The r e su l t i ng  product w i l l  be an informational packet de- 

t a i l i n g  cos t e f f ec t iveness ,  f e a s i b i l i t y ,  and energy saved. 

Task 3. Alcohol Production f o r  Gasohol 

The Contractor s h a l l  i n t e r a c t  with persons in te res ted  in the  pro- 

duction of alcohol t o  provide technical  ass i s tance  i n  evaluating the use 

of geothermal energy as a major energy source i n  the  d i s t i l l a t i o n  process. 

Energy balance and cost  s tud ies  s h a l l  be performed f o r  a spec i f i c  site i n  

Arizona. 

i n s t i t u t iona l ,  f inanc ia l ,  and engineering aspects  of gasohol production 

using geothermal energy. 

The f i n a l  product s h a l l  be a package of information on t he  lega l ,  

As previously mentioned, t he  Arizona Geothermal Team plans t o  modify 

t h e i r  scope of work f o r  1981 by adding an addi t iona l  four  tasks. These 

tasks are seen as a na tu ra l  ongoing progression of work performed during 

1980 but more spec i f i c  in nature. 

i n  Figure 2-1 and include the  following: 

Program; (2) C i t i e s  Program; (3) Geothermal Applications Ut i l i za t ion  Tech- 

The four  addi t iona l  tasks are de ta i led  

(1) Legislat ive and Ins tk tu t iona l  

nology Program; and (4) an Outreach Program. 

2.1 Legis la t ive and I n s t i t u t i o n a l  Program 

During the  p a s t  two years,  the  Arizona Geothermal Commercialization 

Team has completed an in-depth study of state and l o c a l  r u l e s  and regula- 

t i ons  r e l a t i n g  t o  geothermal development in Arizona. 

t h a t  some of these r u l e s  and regulat ions on the  state level wil l  act t o  

It is c l ea r ly  evident 

de t e r  geothermal development. 

rate is calculated f o r  leased state land, un i t iza t ion ,  lack  of tax incen- 

Examples of these include how the  royal ty  

tives f o r  geothermal development, lack of municipali ty bonding authori ty ,  

l ack  of state funding and most important, the  conf l i c t  between groundwater 

8 
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l a w s  and geothermal development l aws .  

Inasmuch as the  Geothermal Commercialization Team w i l l  not exist 

next year, it is imperative t h a t  the  Arizona S t a t e  Legis la ture  be made 

aware of these b a r r i e r s  in  leg is la t ion .  Therefore, work f o r  CY 1981 w i l l  

cons is t  of par t ic ipa t ing  with the  newly establ ished ad hoc Senate Sub- 

committee on Geothermal Energy. 

t i o n  with t h e  National Conference of State Legis la tures  w i l l  suggest 

l e g i s l a t i v e  changes and possible  types of funding programs (s imilar  t o  

other  western states) t o  help pave the  way f o r  geothermal development i n  

Arizona. 

- 
i .  

The Arizona Geothermal Team i n  conjunc- 

2.2 C i t i e s  Program 

During 1980, t he  Arizona Geothermal Team supported Dr.  Mike 

Pasquale t t i  of Arizona S t a t e  University and h i s  work in col lec t ing  da ta  

on how geothermal energy might be u t i l i z e d  i n  c e r t a i n  areas of Arizona. 

According t o  Dr. Pasqualet t i ,  it would be counterproductive and unneces- 

sary t o  allow land use t o  add t o  the  burden faced by developers of geo- 

thermal energy. The aim should be a t  removing as many land use b a r r i e r s  

as possible. Early land use planning can be a r e l a t i v e l y  inexpensive 

s tep,  especial ly  when compared t o  the  benefits .  

Pasquale t t i  used Scot tsdale  as a model c i t y  type i n  order t o  determine 

As h i s  methodology, Dr. 

t he  land use f ac to r s  involved in geothermal development. 

During 1981, the  Arizona Geothermal Team w i l l  continue t o  support 

Dr.  Pasqualet t i ' s  work on land use planning. I n  addition, the  Geothermal 

Team w i l l  work t o  org&ze l o c a l  geothermal exper t i se  in other  towns such 
- 

as Safford, Chandler, Willcox, Cl i f ton,  Papago Farms and o thers  by pro- 

viding cos t  da ta  ( in  conjunction with NMEI), preliminary f e a s i b i l i t y  

10 
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studies, assistance in writing proposals, and planning assistance. 

2.3 Geothermal Applications Utilization Technology 

During 1980, a study on Arizona's industries and the potential of 

incorporating geothermal energy was undertaken. 

of our understanding of industry in Arizona. 

This was the beginning 

During 1981, further earch will be done on the cottonseed oil, 

ready-mix concrete, soft drink, and animal feeds industries in order to 

better understand how geothermal energy can be utilized for their indus- 

trial processes. Technical assistance services such as institutional 

and regulatory, resource, engineering, and economic expertise will be 

provided in order to help industries realize their geothermal potential 

and help them in utilizing the resource. 

In addition, the Geothermal Team will take known technologies such as 

greenhousing, aquaculture, alcohol production and space heating and assist 

persons in better understanding how geothermal energy could be utilized. 

For those technologies that are not yet fully understood (mining applica- 

tions, space cooling, geothermal power plants, food processing, etc.), ad- 

ditional planning and research on how to integrate geothermal will be done. 

2.4 Outreach 

During 1980, the Geothermal Team began publishing a monthly newsletter 

on relevant geotherma 

it has proved to be a mo 

a mailing list now over 500 persons, 

means of outreach. 

rizona Geothermal Team will continue td publish 

e Geothermal Resource. In addition, the Team 

tive outreach activities including information 

dissemination and exhibiting the geothermal display at energy fairs. 

11 
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3.0 Work Completed 

The following is a summary of work completed during t h e  t h i r d  quarter  

of 1981. 

3.1 Integrated Alcohol/Feedlot/Geothermal Operation 

A t  the  ou t se t  of 1981, it w a s  believed t h a t  a number of ethanol pro- 

duction f a c i l i t i e s  would be constructed i n  Arizona f o r  t he  purpose of 

manufacturing alcohol f o r  use i n  gasohol (blends of gasoline and anhydrous 

alcohol). Federal l e g i s l a t i o n  had created a scheme t o  subsidize the  more 

expensive alcohol f u e l s  so t h a t  after blending they could be priced com- 

p e t i t i v e l y  with gasoline. 

tax exemptions, such subsidies  w e r e  made available.  Further,  t he  f ede ra l  

Through a series of blenders c r e d i t s  and excise 

government offered low-cost loans f o r  t h e  construction of alcohol produc- 

t i o n  f a c i l i t i e s .  

i n  Arizona had plans underway t o  construct and operate  ethanol production 

As a result of t h i s  federa l  act ion,  a number of groups 

f a c i l i t i e s .  

Since January of 1981, several occurrences have slowed ( i f  not  stopped) 

the plans t o  manufacture alcohol i n  Arizona. F i r s t ,  many of t he  sources 

of federa l  funding f o r  alcohol f u e l s  have dr ied  up o r  have been curtai led.  

In addition, discussions suggesting t h a t  the  tax breaks ava i lab le  t o  al- 

cohol f u e l  producers and blenders may be cu r t a i l ed  have created a caution- 

ary environment amongst alcohol f u e l  producers. Further, t he  actual mar- 

ke t  f o r  gasohol has been very slow i n  developing, pa r t i cu la r ly  i n  Arizona. 

Gasohol sales are much lower than what w a s  i n i t i a l l y  ant ic ipated.  Lastly,  

the  long-term a v a i l a b i l i t y  of conventional s t a r ch  feedstocks such as corn 

and potatoes has been questioned as w e l l  as t h e  p r i c e  at  which the  feed- 

stocks may be available.  Clearly,  a number of f ac to r s  have contributed t o  

the  slowdown of alcohol production. 

12 



The Arizona Geothermal Team believed t h a t  geothermal energy could 

play a s ign i f i can t  r o l e  i n  alcohol production. 

the  activities of the  Arizona alcohol industry and received several in- 

qu i r i e s  during the  course of the  year from alcohol producers in te res ted  

The Team closely monitored 

- 

i n  using low-temperature geothermal heat. 

t h a t  the  growth of  t he  alcohol industry could be accompanied by growth 

i n  the  cattle feedlo t  industry i n  Arizona. However, declining i n t e r e s t  

I n  addition, the  Team believed 

i n  alcohol production from s t a rch  feedstocks has caused a change i n  em- 

phas is . 
During the  t h i r d  quar te r  the  Arizona Geothermal Team began research- 

ing the  p o s s i b i l i t y  of using geothermal energy i n  an advanced process de- 

s ign  f o r  e thanol  production from c e l l u l o s i c s , ' i n  pa r t i cu la r ,  wood w a s t e .  

Further, using geothermal energy t o  p re t r ea t  the  wood waste coupled with 

molecular sieve drying coluzrms t o  remove t h e  last 10 percent of water 

from the alcohol could result in  s ign i f i can t  cost  reductions. 

s i b l e  t h a t  t h e  envisioned process could enhance the economics of ethanol 

production. 

The f i n a l  paper is now i n  review and should be completed during January 

of 1982. 

It is pos-- 

To date,  the  i n i t i a l  research and report ing has been completed. 

3.2 Geothermal Energy i n  the  Mining Industry 

During the  pas t  several years,  the  Arizona Geothermal Team has been 

* researching the  f e a s i b i l i t y  of in tegra t ing  geothermal energy i n t o  the  

copper ex t rac t ion  and processing indus t r ies  i n  Arizona. I n  pa r t i cu la r ,  

i t u  so lu t ion  mining of various minerals (mostly uranium) and the  dump 

leaching of copper have been researched. 

s u l t s  were promising enough t o  warrant fur ther  work. 

I n  both cases, preliminary re- 

During the  t h i r d  quarter  of 1981, ass i s tance  w a s  received from M r .  
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Tom Young, Research Metal lurgis t  i n  the  Mineral Technology Branch of the  

Bureau of Geology and Mineral Technology, in evaluating results of work 

performed over t h e  pas t  years. 

metal lurgical  processing proved most helpful.  

Mr. Young's 18 years of experience i n  

It w a s  learned t h a t  the  i n  
- 

s i t u  so lu t ion  mining process using geothermal energy, though a promising 

idea, probably would never be commercialized i n  Arizona mainly due t o  the  

unknown long-term environmental impacts of u t i l i z i n g  such technology. 

- 

It w a s  a l so  learned t h a t  geothermal energy may have l imi ted  applica- 

t i ons  in copper recovery from dump leaching operations. 

t he  state's 15 leach dumps r e l y  on b a c t e r i a l  ac t ion  i n  the  ove ra l l  leach- 

ing process. Although increased temperatures of t h e  leaching f l u i d s  im- 

prove the  rate of copper extract ion,  geothermal f l u i d s  with temperatures 

grea te r  than 4OoC (104'F) may have adverse e f f e c t s  on the  bac te r i a  essen- 

t i a l  t o  the leaching process. However, by using geothermal water a t  a 

temperature of 4OoC, s ign i f i can t  amounts of copper can be recovered i n  

dump leaching operations without harming the  bacter ia .  

ind ica te  tha t  increasing t h e  leaching f l u i d  temperature from 3OoC (86OF) 

t o  4OoC c& increase copper recovery by 10 percent. 

A majority of 

Preliminary results 

As a preliminary example of t he  economic re turns  which are possible,  

consider t he  following analysis.  

Arizona contains 200 mill ion tons of low-grade (0.15 percent) copper ore. 

Po ten t i a l ly  recoverable copper from such a dump amounts t o  approximately 

300,000 tons. By using 3OoC (86'F) leaching so lu t ions ,  approximately 58 

percent of t h e  t o t a l  ava i lab le  copper, o r  174,000 tons,  would be recovered 

over the  l i f e  of t he  dump leach operation. 

t he  gross value of t h i s  copper over 30 years  would be $174,000,000. 

r a i s ing  the  leaching f l u i d  temperature t o  4OoC (104'F), recovered copper 

Assume t h a t  a typ ica l  leach dump i n  

A t  $0.50 per  pound (unrefined), 

By 

. 
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would increase t o  68 percent, o r  204,000 tons,  over the  same time period. 

The gross value over 30 years  a t  $0.50 per  pound (unrefined) would in- 

crease t o  $204,000,000. 

value of t h e  leach dump by $30,000,000. 

Thus, using w a r n ,  geothermal water increases the  - 
From the  simple economic calculat ions above, it is  clear t h a t  t he  

introduct ion of geothermal energy i n t o  the  dump leaching process 'can pro- 

vide s ign i f i can t  benef i t s .  

ava i lab le  i n  the  earlier years  of t h e  dump leach operation, i f  geothermal 

energy is used. 

do not  include investment cos ts  f o r  t he  geothermal system. 

magnitude of t h e  benef i t  is great  enough t o  suggest t h a t  the  investment 

would be a favorable one. 

Further, t he  majority of t h e  cash benef i t  is 

Note t h a t  t h e  bene f i t s  alluded t o  i n  the  above ana lys i s  

However, t he  

Research w a s  a l so  begun on in tegra t ion  of  geothermal energy i n t o  the  

A tour  f l o t a t i o n  ex t rac t ion  process i n  order t o  improve copper recovery. 

of t h e  Phelps Dodge Morenci Mine was arranged i n  September i n  order t o  

v i e w  the  f l o t a t i o n  process and t o  formulateideas f o r  ways t o  in t eg ra t e  

g e o t h e d  energy i n t o  the  process. ' Preliminary results of work t o  da t e  

suggest t h a t  a 10 F increase i n  temperature w i l l  increase copper recovery 

by one percent. 

0 

Two reports  on the  use of geothermal energy i n  copper dump leaching 

and t h e  f l o t a t i o n  ex t rac t ion  process are being completed and should be 

% avai lab le  i n  January, 1982. 

3.3 Geothermal Space Heating and Cooling 

ch of  the  work over t h e  pas t  severa l  years has d e a l t  with the  prob- 

l e m  of space conditioning using geothermal energy. 

performed t o  analyze the  technology and economics of space conditioning 

at various loca t ions  i n  Arizona. 

Studies have been 
, 

Some of these results were reported i n  
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the  Second Quarterly Report, 1981, while others ,  such as the  Maryvale 

Terrace d i s t r i c t  heating and cooling analysis ,  still await f i n a l  typing. 

During the  t h i r d  quarter ,  two new s tud ie s  were i n i t i a t e d .  One re- 

port ,  a preliminary economic ana lys i so fbo th  a heating system.and a heat- 

ing and cooling system f o r  l a rge  buildings located i n  Scottsdale,  Arizona, 

has been completed. Although the  report  is sti l l  i n  the  review process 

by c i t y  o f f i c i a l s ,  some general conclusions can be s ta ted .  

t ha t  space heating f o r  l a rge  c i t y  buildings is current ly  feas ib le .  

ever, the  c i t y  would needtoundertake the  development. If the  p r iva t e  

sec tor  were t o  develop the  same resource, t he  investment would not be 

prof i tab le  un t i l  1985. 

a tu re  of 140°F a t  a depth of 3500 f t  w a s  assumed. 

It appears 

Hm- 

Under both types of development, a resource temper- 

For the  heating and cooling system, a resource temperature of 200'F 

at  a depth of 6000 f t  w a s  assumed. Absorption r e f r ige ra t ion  using geo- 

thermal energy t o  f i r e  the  absorption c h i l l e r  w a s  t he  preferred cooling 

method. However, study results indica te  t h a t  even under c i t y  development, 

such a system would not be economic f o r  a t  least ten  years  since na tura l  

gas could be used more inexpensively than geothermal energy t o  fire the  

absorption c h i l l e r .  The major reason f o r  the  poor economic results of t he  

geothermal system w a s  t h e  temperature of t h e  geothermal resource. A tem- 

perature  of 250°F would have grea t ly  improved the  performance of t he  geo- 

thermal cooling system. 

The other  area of research i n i t i a t e d  during the  t h i r d  quar te r  w a s  a 

heat  pump analysis  f o r  heating and cooling a la rge  commercial building. 

&Kale Center, a l a rge  a c t i v i t y  center  on the  University of Arizona cam- 

pus, w a s  selected a s  t he  model building. 

reasons. 

This choice w a s  based on several 

F i r s t ,  a thermal w e l l  (86'F) is located within two blocks of 
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the facility. Second, the building was easily accessible so researchers 

could collect accurate energy-use data on the facility. Work is expected 

to be completed in December, 1981, with a final report available in Janu- 

ary, 1982. 
0 

I One other heating analysis completed during the third quarter involved 

the design and economic feasibility of space heating 7.4 acres of green- 

house at the Environmental Research Laboratory. 

the findings of the study. 

completed, the results will be turned over to the University of Arizona 

in hopes that it will pursue the project. 

3.4 

Tables 3-1 - 3-4 summarize 

It is anticipated that once a final report is 

- -  . - - - -  - ... -. ._ . . 

Identification of a Suitable Industry for a Remote Geothermal Site 

An area in southeast Arizona known as the San Bernardino Valley is 

suspected to contain at least low-temperature geothermal energy in large 

quantities. 

the area as well as preliminary geologic assessments which indiate that 

the region may contain just low- to moderate-temperature firesources sbifa6le 

for direct-use applications rather than the high-temperature resources 

required for power production. 

Reasons for this belief stem from private-sector leasing in 

The Arizona Geothermal Team initiated studies to find a suitable 

industry for this area. The analysis began with the identification of 

the ideal industry. First, an ideal industry would need to require large 

amounts of low-temperature heat or energy. Second, the industry should 
h 

, be capital intensive as very little labor is available in the area due 
* 

to its remote location. Lastly, a highly mechanized or computerized 

process would be ideal. An industry which would manufacture heavy water 

for nuclear reactors could meet these criteria. From preliminary research, 

it appears that the United States will require at least one new heavy water 



TABLE 3-1: 5.4SIC PROJECT DATA 

* GREEHHOUSE AREA 7,*4 ACRES 

* MTUPAL GAS PUPCHKE PRICE $2',71 PER !'%TU 

* NATURAL GAS COMSUMPTION 37,'azs  TU 

* ANNUAL NATUWL GAS COST $102 506 

* GEOTHERMAL CAPITAL COST $687,-509 

* .. ANNUAL ELECTRICAL COST $ 17;'354 

* AT?NUAL MA I MTEWKE COST $ 6J-500 

PROJECT LIFE 20 YD.!?S 

* INTEREST RATE 15% 

* 3EET SERVICE $1 0 9;' 837 



TABLE 3-2: CPiPITAL COST SUMMARY - ENYIRONMENTAL RESEARCH LAB 

* 

PRODUCTIO!I !!ELLS (2) 

PRODUCTION \&!ELL PUMPS (2) 

ADD I T 1  0NP.L P I  P I  W6 

$360 000 

49j800 

132 000 

CI3CULATION PUMPS (2) 6 034 

UrtIT HEATERS (25) 

WATER STOPAGE TANK 

32 175 

70,000 

TOTAL CAPITAL E4UIPfiEMT $650,009 

. - _  - 
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TABLE 3-3: APlNUAL CASH FLOW ANALYSIS - GREENHOUSE HEATING 

1 
2 
3 
4 
5 
6 
7 
8 
9 
I 10 

h, 11 
12 O i  

13 
14 
15 
16 
17 
18 
19 
20 

$ 102,506 

145 , 159 
172 , 739 
205 , 559 
244,615 

346 , 400 
412 , 216 

544 , 496 
604,391 
670 , 874 
744,670 
826 , 533 

121 J 982 

291 J 092 

'!go, 537 

917, 508 
1j018j434 
1,130,461 
1, 254 , 812 
1 , 392 , 8Q 

11 

$ 6,500 
7 , 085 
7 , 723 
8 , 418 
9,175 

l f lJool  
10 J 901 
11 , 882 
I2 , 952 
14,117 
15,388 
16 , 773 
18 , 282 

21 , 721 
23 , 676 
25 , 807 
28 , 130 
30 , 661 
33 , 421 

19,928 

$17,354 
18,916 
20 , 618 

24 , 497 
26,701 
29,104 
31,724 

22 J '!74 

34 J 579 
37,691 
41 , 053 
44,781 
48 , 811 
53 , 204 
57 , 992 
63 , 212 
68 , 901 
75,102 
81 , 861 
89 , 228 

78,652 

116,818 
141 , 847 
171 , 887 
207 , 913 
251 , 087 
302 , 794 
364 ,'685 
438 , 729 
488 , 025 
542 , 837 
603 , 781 
671 , 538 

' 746,870 
830 , 620 
923 , 726 

1, 027,22!? 
1 , 142 , 290 
1.270,193 

95 J 981 

$10 J 417 J 

$ 78,652 
85,697 
93 , 126 

109,237 
117 , 975 
127,208 
136, 969 
147 , 290 
158','2 10 
157 , 131 
156 , 053 
154 , 975 
153; 899 
152 , 824 
151 , 751 
150, 680 
149,610 
148, 543 
lr171r178 

100,963 

502 $2 , 678 , 271 

. 
I ) 
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TABLE 3-4 : PROJECT EVALUATION RESULTS 

* TOTAL ANMUAL SAVINGS $10,417,502 

* PRESENT VALUE OF SAVINGS $2 J 678,271 

'* SIiYPLE PAYBACK 

* PRESENT VALUE PAYBACK 

5,39 YEARS 

6.80 YEARS 

* NET PRESENT VALUE $1,990,762 

* ENERGY COST COMPARISON (FIRST YEAR)  

NATURAL GAS 

GEOTHERIAL 
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manufacturing f a c i l i t y  i n  the  future .  

w a s  s t i l l  continuing i n t o  t h i s  proposed idea. 

During the  t h i r d  quarter ,  research 

As a qual i f ica t ion  t o  the  work being performed, a number of sites 

i n  the  West may be ab le  t o  use geothermal energy i n  manufacturing heavy 

water f o r  reactors .  

appear f i f t h  on the  list. 

Of a l l  sites avai lable ,  Arizona sites would probably 

The i d e a l  sites would be ex i s t ing  military 

bases i n  Idaho, Washington o r  California.  However, the  r e s u l t s  of our 

work may prove useful i n  other  locat ions as w e l l ,  - - - -~ -- - -  

3.5 I r r iga t ion  Pumping 

During the t h i r d  quarter ,  meetingswereheld with Sperry i n  order t o  

obtain addi t ional  da ta  r e l a t ed  t o  t h e i r  power production system and irri- 

gation pump. 

are an extension of the pr inc ip les  being applied t o  t h e i r  power system. 

After the  meetings, a series of calculat ions were made i n  order  t o  assess 

the  app l i cab i l i t y  of t h e i r  i r r i g a t i o n  pump t o  conditions known t o  exist i n  

Arizona. 

regarding geothermal temperature and groundwater temperature w e r e  neces- 

The pr inc ip les  upon which t h e  Sperry i r r i g a t i o n  pump operates 

In  order  t o  perform the  calculat ions,  a series of conditions 

sary.  Eff ic iencies  were then calculated given the  assumed conditions. As 

of the  end o f t h e t h i r d  quarter ,  r e s u l t s  were not ava i lab le  due i n  p a r t  t o  

the  status of t he  Sperry test s i t e f n  ImperialCounty, Cal i fornia ,  

3.6 Coal-Fired/Geothermal-Assisted Power P lan ts  

No work w a s  performed on t h i s  task  during the  t h i r d  quarter ,  

3.7 Legislat ive and I n s t i t u t i o n a l  Program 

During the  t h i r d  quarter ,  t he  Arizona Department of Health Services 

! 
issued f o r  public comment a series of d r a f t  regulat ions f o r  underground 

inject ion.  Had the  regulations passed as proposed, geothermal developers 

may have encountered ser ious problems i f  they t r i e d  t o  r e in j ec t .  Most 

I 
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of those problems would have resu l ted  from double-agency j u r i s d i c t i o n  over 

re in jec t ion  of spent geothermal f lu id .  The Commercialization Team sub- 

mitted a series of comments t o  t r y  t o  l i m i t  t h e  r o l e  of t he  Department of 

Health Services i n  favor of the O i l  and G a s  Conservation Commission (OGCC). 
L 

Y 
The OGCC current ly  has regulations f o r  underground in j ec t ion  which are ade- 

quate t o  meet Health Service standards. 

t he  submitted comments w e r e  still under review. 

As of the  end of t he  t h i r d  quarter ,  

3.8 A r e a  Development Plans (ADPs) 

The seven Area Development Plans have been completed. Information 

concerning population of the counties, descr ipt ion of t he  resources and 

iden t i f i ca t ion  of po ten t i a l  users w a s  updated and included i n  the  reports.  

The major headings are: 

1, Introduction 

2. Area Development Plans 

3. Geothermal Resources 

4. Economy 

5 .  Land Ownership 

6. Energy U s e  

7. Water 

8. Matching Geothermal Resources t o  Po ten t i a l  Users 

Results of space heating f e a s i b i l i t y  analyses were a l so  included f o r  those 

areas i n  which analyses were performed. - 
3.9 

A . 
Outreach 

The mailing list f o r  the  Geothermal Resource is current ly  j u s t  under 

640. 'The readership is varied and includes individuals,  chambers of com- 

merce, col leges  and universities, federa l  and state agencies, planning 

commissions, mining companies, o i l  companies, engineering firms, u t i l i t y  
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companies and state legislators. Responses generated from the newsletters 

have generally been from energy-related corporations and commissions, en- 

gineering firms and oil companies. 

Front-page articles for the most recent newsletters have covered 

"Geothermal Energy as an Income Investment" and "Area Development Plans." E 

The remaining pages of the newsletters continued the discussion of steps 

to geothermal development. Headings for the articles in the series were 

"Reservoir Evaluation," "Economic Feasibility" and "Institutional Require- 

ments." Starting with the August issue, a column was devoted to describing 

geothermal potential in a particular area. The Clifton area was covered 

in  August and the Phoenix area in September. Dr. Don H. White's "As I 

See It" column and the monthly "Arizona Highlights" have continued to 

be featured in the newsletters. 

I 
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