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1.0 Introduction LJ 
Y Dwindling oil supplies, dependence on foreign oil and steadily rising 

energy prices have encouraged a more intensive review of alternative energy 

resources. Geothermal energy reserves are abundant in the western U.S. and 

may be able to supplement this country's energy supply. W Consequently, plan- 

ning efforts have been directed toward estimating the potential of geother- 

mal energy utilization in Arizona, and for providing information necessary 

Y for its prospective commercialization. 

The Department of Energy (DOE) through its San Francisco Operations 

J Office has delegated responsibilities for the industrialization of geother- 

mal energy in Arizona to the Arizona solar Energy Commission (ASEC) via a 

cooperative agreement. The ASEC assumed authori for monitoring the pro- 

gress of the project th ts director J s Warnock and its associate 

director Dr, Frank Manc 

zation and pl 

v 
I_" 

he ASEC in turn subcontracted the commerciali- J w - 
to the University of Arizona. 
L - --_ 

The Arizona Geothe Commercialization Team onsists of three key 

3 personnel, one support person, and a itional temporary personnel. Key per- 

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

(3) Larry Golds ne, Project Manager. The 

Y 

qiif 

activities inc the identification and de- 

1 
v use patterns with geothermal sources, the preparation of area development 

u 
1 
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plans and the  compilation of de t a i l ed  economic and energy data  for  each 

area. 

td 
m' 

During 1980 and cont inui  g on through 1981, the  Geothermal Team 

changed t h e i r  emphasis from planning t o  commercialization. 

themainemphasis f o r  t h i s  pro jec t  is t o  produce plans and provide informa- 

t i o n  f o r  geothermal energy commercialization. 

achieving t h i s  goal is t o  character ize  geothermal resources and possible  

users. 

ers has been undertaken. Several  approaches have been taken, including 

During 1981 

U 

The technical  approach f o r  

A program of d i r e c t  i n t e rac t ion  with business and community lead- Y 
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F. Mancini-Proj ect 
Administrator 

w 

LmAN/LAND PLANNING 
Group Leader - 

Figure 1-1: Organizational Chart 
Arizona Geothermal Commercialization Team 
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2.0 Tasks and Objectives 

The o v e r a l l  ob jec t ives  of t h  Arizon Geothermal Corn rc ia l i  t i o n  

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

p r iva t e  sec to r  and t o  provide a source of information f o r  i n t e re s t ed  

p a r t i e s  i n  the state. These objec t ives  have been m e t  through a balanced 

planning, commercialization, and outreach program. Each t a sk  has played 

a s i g n i f i c a n t  r o l e  i n  providing ass i s tance  t o  p o t e n t i a l  geothermal develop- 

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

1) The formulation of Area Development Plans involved the  compilation 

and ana lys i s  of de t a i l ed  energy and economic da ta  f o r  seven areas i n  the  

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

ke t  pene t ra t ion  of geothermal energy i n  each of t he  areas invest igated.  

Also, p o t e n t i a l  developers were iden t i f i ed  from the  r e s i d e n t i a l ,  commercial, 

i n d u s t r i a l  and a g r i c u l t u r a l  sectors .  

2) The evaluat ion of geothermal appl ica t ions  (formerly re fer red  t o  as 



geothermal energy for space heating/cooling for John F. Long, a Phoenix 

developer. 

5) 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. 

W 
w 

Y 

Tasks for 1981 consist of six specific contractual tasks plus the 

Y completion of three tasks that were started during CY 1980. 

to these tasks, the Arizona Geothermal Commercialization Team plans to 

make modifications in order to broaden 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. 

In addition 

Y 

The six main contractual tasks for 

1981 are as follows: 

W Task 1. Integrated Alcohol/Feedlot/Geothermal Operation 

1981 are as follows: 

W Task 1. Integrated Alcohol/Feedlot/Geothermal Operation 

The Contractor shall evaluate the integration of alcohol produc- 

tion by fermentation with a cattle feedlot, utilizing geothermal energy 

as much as it is practical. Specific locations will be considered where 

agricultural crops and cattle feedlots overlap high potential geothermal 

Y 

lcox area and (b) in 

y3 

I 

V e Contractor sh or knowledgeable of 

e low- and medium- 

copper dump leaching, 

Y leaching, flotation plants and in-situ 
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mining of copper, uranium and other metals. Special attention will be 

paid to the Clifton/Morenci area and to interactions with Phelps Dodge 

of that area, where extensive copper operations and potential geothermal 

resources overlap. The drilling of at least one exploratory well in this 

area will be encouraged and assisted from resource and use standpoints. 

Task 3. Geothermal Space Cooling/Heating 

The Contractor shall continue the evaluation of using geothermal 

energy for absorption cooling and heat pumps in order to back out elec- 

tricity during the heavy summer peak load of May-September, and will at- 

tempt to interest certain major corporations and/or subdivision developers 

t o  participate in one or more exploratory wells in both the Phoenix and 

Tucson areas. 

energy in agricultural area 

6 



Task 6 .  Coal-Fired Geothermal-Assisted Power Plant 

The Contractor shall assist Arizona Public Service and other 

utility companies of Arizona in making engineering and economic studies 

on the possible benefits of utilizing geothermal energy (a) to reduce 

the quantity of co 

and (b) to reduce the total water r quirements of the power plant. 

e slurried and pumped to the plant site 

During 1980 a supplemental proposal with three tasks was funded by 

Work on the three tasks was started imediately and some of the DOE. 

findings included in 1980 reports. These three tasks will be completed 

during 1981 and include the following: 

Task 1. District Cooling/Heating of a Satellite Community 

The Contractor shall investigate the feasibility of a district 

absorption cooling and space heating system in a satellite Community or 

new growth area with geothermal potential. 

equipment necessary to meet these needs will be defined. 

munity factors will also be defi cost study, possibly wit 

assistance of New Mexico Energy Institute (NMEI), will be done. 

Cooling and heating loads and 

Important com- 

packet detailing cost-effective- 

- 
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will be done. The resulting product will be an informational packet de- 

tailing cost-effectiveness, feasibility, and energy saved. 

Task 3. Alcohol Production for Gasohol 

The Contractor shall interact with persons interested in the pro- 

duction of alcohol to provide technical assistance in evaluating the use 

of geothermal energy as a major energy source in the distillation process. 

Energy balance and cost studies shall be performed for a specific site in 

Arizona. 

institutional, financial, and engineering aspects of gasohol production 

using geothermal energy. 

The final product shall be a package of information on the legal, 

As previously mentioned, the Arizona Geothermal Team plans to modify 

their scope of work for 1981 by adding an additional four tasks. These 

tasks are seen as a natural 

1980 but more specific in nature. 

in Figure 2-1 and include the following: 

oq2oing progression of work performed during 

The four additional tasks are detailed 

(1) Legislative and Institutional 

ations Utilization Tech- 

the Arizona Geothermal Commercialization 

local rules and regula- 

is clearly evident 

e level will act to 

lude how the royalty 

, lack of tax incen- 
pality bonding authority, 

lack of state funding and most important, the conflict between groundwater 
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UTILIZATION 
TECHNOLOGY 

Newsletter Publication 

Information Dissemination 

Enerpy Fairs 

Figure 2-1: Arizona Geothermal Program for 1981 



laws and geothermal development laws. 

6J Inasmuch as the Geothermal Commercialization Team will not exist 
W 

next year, it is imperative that the Arizona State Leglslature be made 

aware of these barriers in legislation. 

consist of participating with the newly established ad hoc Senate Sub- 

committee on Geothermal Energy. 

tion with the National Conference of State Legislatures will suggest 

legislative changes and possible types of funding programs (similar to 

other western states) to help pave the way for geothermal development in 

Therefore, work for CY 1981 will 

w 
The Arizona Geothermal Team in conjunc- 

3 

Arizona . 
2.2 Cities Program 

Y 
During 1980, the Ar hemal Team supported Dr. Mike 

Pasqualetti of Arizona State University and his work in collecting data 

w 
on how geothermal energy might be utilized in certain areas of Arizona. 

According to Dr. Pasq 

sary to allow land use to add to the b 

letti, it would be counterproductive and unneces- 

thermal energy. The aim should be at removing as many land use barriers 
Br, 

43 

llpt 

ther towns such 

W 

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 research 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. 

and.regulatory, resource 

Technical assistance services such as institutional 

ngineering, and economic expertise will be 

in order to help dustry realize heir geothermal potential 

and help them in utilizing the resource. 

In addition, t team will take known technologies such 

coho1 production and space heating and 

anding how geothermal energy could be assist persons in bett 

ntegrate geo- 

2.4 Outreach 
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3 

e other effective outreach activities including information 

dissemination and exhi ting the geothermal display at energy fairs. 
U 



3.0 Work Completed 

The following work was completed under each task during the second 

quarter of 1981. 

3.1 Hiring 

During the second quarter, three new student personnel were hired for 

the Geothermal Team. They include a chemical engineering student, a me- 

chanical engine student, and a journ ism student. The engineering 

students will continue work on the specific geothermal applications while 

the journalism student will edit the monthly newsletter and all technical 

and informational reports. 

3.2 

The Arizona Geothermal Commercialization Team presented a paper for 

the National Energy Plan 1x1 held in San Francisco on April 13, 1981. The 

an addendum to the hermal Institutional 

f geothermal en- 

13 13 



i n  order t o  see if these tax incen- 

development include the following: 

t begin with the exploration phase. 

Unlike o i l  and g expenses incurred during geothermal ex- 

during the f i r s t  year of the project. 

i b l e  costs  for dr i l l ing ,  such as 

20 percent a t  the 
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ceed t h e  l i m i t  f o r  

up t o  seven ye 

be car r ied  back three  years  o r  forward 

Also complete he second quarter  w a s  a land 

s i t i o n  survey. Th ogy of t h e  s u m  was t o  contact p r iva t e  sec tor  

n leas ing  land i n  Arizona or ob- 

ta in ing  permits t o  d r i l l  geothermal w e l l s .  

es ted i n  f inding out  why Arizona lags  behind other  western states i n  leasing 

of state land and d r i l l i n g  f o r  geothermal development and whether there  were 

any adminis t ra t ive o r  bureaucrat ic  problems involved i n  obtaining the leases 

The Geothermal Team was inter-  

leasing and w e l l  permit t ing 

induce indu 

15 



thermal l aw.  

committee on G e  

E f fo r t s  w i l l  be made t o  meet fu r the r  wi th  t h e  Senate Sub- 

Energy during t h e  l e g i s l a t i v e  interim. 
LJ 

w 

Lastly,  t h e  Arizona Geothermal Commercialization Team received t h e  

Arizona Department of Health Services d r a f t  regulat ions on the  new Under- 

v ground In j ec t ion  Control Program. 

and comments w i l l  be made t 

3.3 Maryvale Terrace 

The d r a f t  regulat ions w i l l  be s tudied 

the  Department. 

v During t h e  second quar te r  of 1981, work was  completed and reviewed on 

a repor t  d e t a i l i n g  a d i s t r i c t  heating/cooling system f o r  a new growth area 

pany of Phoenix, 

Y 

g and heat ing loads 

w defined. Also defined wer 

w 

U 

v 

W 

u 

W 



3.4 Mining Applications 

nued during the  second quar te r  on t h e  mining applications.  
W 

W 

The Geothermal Team is  develo e new concepts t o  in t eg ra t e  geothermal 

energy i n  t h e  copper dump lea cess, t h e  in-s i tu  mining process, and 

Y t he  f l o t a t i o n  process of copp ry. The r e s u l t s  of t h e  mining appli-  

cat ions s tudy w i l l  be reported i n  t h e  t h i r d  quarte  

3.5 District Heating/Cooling 

Y Cli f ton  

A meeting between the  Arizona Geothermal Team and t h e  Cl i f ton  City 

d during t h e  second quar te r  of 1981. The meeting, t o  d iscuss  

u 

W 25 m (80 ft)). 

e, 

44 
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There appeared to be no additional environmental regulations at the Greenlee 

County level. 

During the meeting, it was found that Clifton has some major problems 

and other priorities that would a 

heating system ese include the following: 

1. confusion over who owns what land and mineral rights; 

. concerns of P A  regulations and requirements; 

3. concerns of federal intervention; 

4. new road being built by Phelps Dodge that would cut off one half 

of the city 

5. no city money; 

6 .  no bonding authority; 

estor-owned utility; and 

8. location has experienced seven floods in 

for liquid-dominated geothermal 
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3 

t o  t h e  e f f ic iency  of t he  pump i f  lower temperatures were used,, To date ,  

work has involved fu r the r  meetings with Sperry i n  order t o  obtain addi t iona l  

information neces 

t h e  end of t he  t h i r d  quart  

3.7 

t o  complete the  study. Results w i l l  be reported a t  

District Heating - Safford Downtown District  

with t h e  ass i s tance  of t he  New Mexico Energy I n s t i t u t e  (NMEI), a pre- 

liminary f e a s i b i l i t y  study was performed f o r  a downtown commercial heat ing 

d i s t r i c t  f o r  Safford, Arizona. The in ten t ion  of t he  study w a s  t o  approxi- 

mate c a p i t a l  and operating cos t s  f o r  t h e  construction and operation of 

such a system. It shoul ary represents  a 

rough design using es 

e Safford down approximately 

an area one-half m i l e  long by one-quarter m i l e  

wide. The estim 

yr. Peak demand 
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I n  addi t ion  t o  p r  t i o n  and in j ec t ion  w e l l s ,  2.5 m i l e s  of d i s t r ibu-  

t i o n  pipe and .25 m i l e s  of transmission pipe w i l l  be needed. Also, t h e  

design incorporates th ree  w e l l  pumps, heat  exchanger, controls ,  c i r cu la t ion  

pump and r e t r o f i t  and hookup equipment. Table 3-1 presents  a cos t  summary 

of equipment required f o r  t he  system. 

Table 3-1: COST SUMMARY - SAFFORD HEqTING DISTRICT 

Wells $1,170,000 

Heat Exchanger 120,000 

694,000 

160,000 

cos t s  were a l s o  est 

one percent of 



b J L  
V pumps (1360 hp) 

w 

Annual electric cost  ($. 065/kwh) $83 , 956 

Maintenance costs (per year) $32 , 860 

u Conventional fue l  c (1979) $249,600 

project l i f e  was 20 
Y 

would increase at th 

ices would increase 
0 

Table 3-3: ECONOMIC ANALYS~IS -SAFFORD DISTRICT HEATING PROJECT 
0 

0 

Cy 

clr, 

44 

w 
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Although the district heating system economic analysis shows a positive 

savings over 20 years, the commercial energy users will still pay 85 percent 

of the conventional fuel cost. 

over 20 years would not justify the capital expense required for this pro- 

I 
w 

It is concluded that a 15 percent savings 

W 

u 

j ect. 

3.8 Geothermal Greenhouse Heating/Biosalinity Apriculture - 
Environmental Research Laboratory, University of Arizona 

Proposed work under this task will involve the cooperation of the 

Arizona Geothermal Commercialization Team, the Arizona Resource Assessment 

Team, the Offic 

tory, all affiliate 

of Arid Land Studies, and the Env 

W 
L 

ee distinct phases, 1 being a cascaded utiliza- 

of saline water for growing salt-water crops and algae. 0 

zation of geothermal 

0 

ace curren 0 

U 

ops. In addition, del- 

w 

22 44 



- 
Y 

t h e  state and resource ar s u i t a b l e  f o r  i gat ion w i l l  be ident i f ied .  

The f i n a l  r e s u l  thermal waters represent  a 

new groundwater 

W 
V 

The second phase of t h e  pro jec t  involves t h e  design and ana lys i s  of 

emperature geothermal waters f o r  space heat ing f o r  seven acres 0 

of greenhouse a t  t h e  University of Arizona. 

f u e l  cos t s  f o r  heating the  greenhouses have averaged about $120,000 per  

year. 

have recorded temperatures of 50°C (122'F) o r  b e t t e r  a t  762 m (2500 f t ) .  

During t h e  pas t  f i v e  years,  

Ir*, In  addi t ion,  w e l l s  d r i l l e d  within five m i l e s  of t h e  greenhouse s i t e  

Team w i l l  evaluate t h e  f e a s i b i l i t y  of t h i s  low- 

o$ temperature app l i ca t io  

The t h i r d  phase of t h  

son Basin is a planned study 

0 

t h e  l o c a l  geology. 

0 

f e a s i b i l i t y  and s u i t a b i l i t y  

0 

Y 

91 
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w 
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Y 1981. Results ind ica te  t h a t 1 3 c i t i e s ,  i ommunities near 

Phoenix (Goodyear, Chandler, Mesa, Avondale), appear t o  have economically 

useable resources su i t ab le  f a r  immediate development. 

Y I n  addi t ion t o  these general  r e s u l t s ,  s i x  po ten t i a l  resource areas 

were chosen f o r  fu r the r  study and analysis .  The areas include Goodyear/ 

ne, Spr ingerv i l le  and Clif ton.  Each of these  

Q 

r izes  t h e  r e s u l t s  f o r  

Y 

Goodyear/Avonda 

43 

ough t h e  1970s. How- 
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sources i s  q u i t e  evident i n  the  area, 

t h e  area exhib i t  e i t h e r  temperatures g rea t e r  than 5OoC (122'F) o r  have cal- 

culated temper 

of these  w e l l s  i scharge e ra tures  of 50°C 2'F) with flow rates 

To date ,  over 30 ex i s t ing  w e l l s  i n  

I 
w 

rad ien ts  grea te r  than 5 O o C / h  (3.7°F/100 f t) e Three 

eater than 2270 l/min (600 a t  depths less than 500 m (1640 ft). 
U 

The ana lys i s  oper would be 

ab le  t o  g e t  t h e  r 

The developer would t 

shopping p laza  o r  a malhat t h e  w e l l  site. 

wing a t  5OoC (122'F). 

l i t y ,  possibly a 0 
The developer would use the  

0 .  

w 
assumed t h a t  one 

0 

4J 

u 

ri 

(L 25 



I Table 3-4: Assumptions f o r  Geothermal Heating f o r  Commercial Buildings 
W 

w 

Variable 

Resource Temperature 

Depth 

Well S ta tus  
W 

Flow Rate 

I n d u s t r i a l  H e a t  Demand 

Bond Rate (above i n f l a t i o n )  

Equity Capi ta l  
u3 

Sales Tax  Rate 

State Income Tax Rate 

e per  year t o  1990 u 

Assumed Value 

5OoC (122'F) 

457 m {lSOO f t )  

e x i s t i n g  

2271 l/min (600 gpm) 

0 

2% 

10% 

5% 
15% 

Real Fuel P r i c e  Increase per year beyond 1990 
Pro j ect L i f e  

Y 
n a t u r a l  gas would be competitive i n  1993 For t h e  l a r g e r  f a c i l i t y ,  t h e  p r i c e  

w 

Y 

Y 
ected i n  t h e  

w 
real re turn  after tha t .  
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Present Value Capital Costs 

Category 280,000 f t2  55,000 f t2  

Design $ 19,007 $ 4,306 

Wells* 25,939 18,715 

Commercial Conversion 108,324 17,130 

Heat Exchangers 63,356 11,236 

TOTALS $216,626 $51,387 

for the Goo 

grew at 



3 

an annual compound rate of 7.5 percent and fu tu re  project ions suggest t he  
LJ 

w 
a c i l i t y  i n  Goodyear o r  Avondale 

would a l s o  be a p p l i  

and Avondale, Li tch 

w e l l s  are known t o  exist. 

t u r e  g rea t e r  than 5OoC (122OF) with a flow rate of 4390 l / d n  (1160 gpm) a t  

a depth of 600 m (1970 f t ) .  

As w a s  t he  case i n  Goodyear 

located i n  an area where numerous warm 

One of these known w e l l s  has a discharge tempera- 

w 

Y 

As w a s  t he  case with t h e  previous ana lys i s ,  i t  is assumed t h a t  a devel- 

assumed t h a t  t he  develo w 

u people and the  secon 

w e heat ing system was designed based on average heat ing values f o r  homes 

I 

us 

o r  the  com- W 

V 

LJ 
28 
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summarizes the  s ign i f i can t  assumptions. 

Table 3-6: Assumptions f o r  Resident ia l  Geothermal Heat5ng 

Assumed Value 

Resource Temperature 5OoC (122OF) 

Depth 600 m (1970 f t )  

Well S ta tus  ex i s t ing  
Flow Rate 

I n d u s t r i a l  Heat Demand 0 

Commercial Heat Demand 0 

Well Distance 1 mile 

Bond Rate (above in f l a t ion )  2% 

4390 l/min (1160 gpm) 

Equity Capi ta l  10% 

Sales Tax R a t  5% 
15% 

Year t o  1990 

Year, 1990-2000 

Pro jec t  L i f e  

t ions ,  a l i f e  cycle cost  f o r  geothermal 

w a s  c8lculated and 

umptions on na tu ra l  gas p r i ce  

cost summary f o r  the  two f a c i l i t i e s .  

29 
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W 

Table 3-7: Cost Comparison and Summary b) Geothermal Space Heating f o r  t he  Resident ia l  Sector - Li tch f i e ld  Park 
w 

Present Value of Capi ta l  Costs 

Category Apsr tmen t Complex Houses and Apartments 

W Design $150,880 $199 , 114 

Wells* 25,939 22,125 
Transmission 136,516 139,968 

Heat Exchangers 59,117 71,093 

exist . 

u Central  System 1,294,782 1,763,643 

TOTALS $1,667,234 $2,195,943 

w 
I n  addi t ion t o  c a p i t a l  sts there  are a l s o  operating cos t s  which in- 

clude mahtenance and electr 

tern. cos t s  are assume n t  of t h e  cumulative 

t h e  pumps and fans f o r  the sys- 

Y 
. Operating cos t s  are not  ate l i n e  i t e m .  Ratherthey are re- 

Further ,  f o r  each case considered 

rn on investment f o r  t he  developer receives a 20 w 
real re turn  a f t e r  that. 

y3 

Y 
gpm), leaving 48 percent 

v 

W 

w 



W 

bd 

A second come ing the  s i g n i f  an t  cos t  f a c t o r s  a l so  seems ap- 

propriate .  Based on i l l i n g  cos ts ,  i f  t he  developer had t o  d r i l l  

a w e l l ,  t h e  f i n a l  p r i c e  per  mi l l ion  Btu f o r  t he  all-apartment complex would 

increase by 9.6 percent o r  t o  $3,81/MBtu. It is clear t h a t  the  cos t  of a s i n g l e  

w e l l  (excluding r e in j ec t ion  wel ls)  would not  s e r ious ly  impact on the  f i n a l  

p r i c e  of geothermal energy. 

d i s t r i b u t i o n  system necessary t o  de l ive r  t he  heat.  

Rather, t he  most s i g n i f i c a n t  cos t  f a c t o r  is 'the 

Because a smaller and less 

extensive d i s t r i b u t i o n  system is required f o r t h e  apartment complex, t he  ove ra l l  

sys t e m  economics appear more favorable. 

extensive d i s t r i b u t i o n  system is required f o r t h e  apartment complex, t he  ove ra l l  

sys t e m  economics appear more favorable. 

Alpin 

The community of Alpine is a small town located i n  the  White Mountains 

of eas t -cent ra l  Arizona approximately 25 miles south of Spr ingerv i l le ,  Arizona. 

community has h i s t o r i c a l l y  experienced 

expected t o  be only one percent per  year  

during the  next 20 years.  Because t h e  community is i so l a t ed ,  u t i l i t y  services 

are not ava i lab le .  Most peopl eat t h e i r  homes with purchased d i e s e l  o i l  o r  

n t s  are worth 

, 
31 



Spr inge rv i l l e  and Alpine. 

t he  area is  posi tsvely a f fec ted  by t h i s  hea t  source." 

conclusions, a 

hole  had a temperature o 

Second, ground water supplying the  eas t e rn  ha l f  of 

I n  addi t ion  t o  these 
cp, 

+, 

allow bore hole  has been d r i l l e d  j u s t  north of Alpine. The 

a t  a depth of 357 m (1170 ft) . The 

Y estimated temperature g r  OC/km (5'F/100 ft) The economic analy- 

sis which follows assume 

above cha rac t e r i s t i c s .  

exis tence of a geothermal resource with the  

u The following ana lys i s  concerns the  economic f a c t o r s  necessary t o  de- 

velop a geothermal heat ing d i s t r i c t  i n  Alpine. 

The f i r s t  case assumes t h a t  t h e  City 

Two cases are considered. 

l p i n e  e s t a b l i s h  a l o c a l  publ ic  

Y service company respons f o r t h e d e v e l o  

V earning a modest p r o f i t  

U 

67 residen- 

yrr 

0 

- 
V 

32 ti 



. -  
Y 

cu 

Y 

for use in heating houses a ssumed that the price 

purchased energy $'tbOO/MBtu. Table 3-8 presents a summary of assump- 

or the two cases considered. 

~ 

Table 3-8: Assumptions for Geothermal Heating District in Alpine, Arizona 

Variable ci Ptivate 
Development Development 

Resource Temperature 6OoC (140'F) 6OoC (140'F) 
Depth 914 m (3000 ft) 914 m (3000 ft) 
Flow Rate 90 l/min (500 gpm) 1890 .l/min (500 gpm) 
Distance 1609 m (1 mile) 1609 m (1 mile) 
Bond rate (above inflation) 2% 

10% 

15% 

$7.00 



h 

Cy 

k, 
0 

Present Value of Capi ta l  Costs 
Category City Development Pr iva te  Development 

$ 461,291 $ 453,062 Research Investment 

Design 179,684 159,915 
325 , 269 271,468 (2) Wells 

Transmission 195,967 178,770 
Dis t r ibu t ion  Costs: 

(1) 

0 

Resid. R e t r o f i t  362,570 330,753 

Resid. Hookup 125,892 114,845 

Commercial Conversion 255,309 232,905 
Heat Exchangers 75,963 69,297 

Central  System 844,084' 

TOTALS 2,655,099 

nves tment i n c l u  t of t h e  f i r s t  

is t h e  present value of a w e l l  d r i l l e d  10 years later t o  provide 

3 

0 

f o r  system expansion and necessary leases, pumps and i n j e c t i o n  w e l l s .  iiJ 

so operating cos ts  which include 

umps and fans f o r  t h e  system. 

e cumulative investment per  
0 

are reflect- 

0 

Y 

u l a r  investment 

- t he  advantages 
w 

b) 34 
\ 

0 



* 
w 

of a city developer. 
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t h e i r  space hea t  and hot  wa 

For both cases considered, t h e  geothermal d i s t r i c t  heating system would 

It is  as- consis t  of 250 r e s i d e n t i a l  houses as w e l l  as commercial buildings.  

sumed t h a t  t o t a l  commercial demand i s  equal t o  10 percent of r e s i d e n t i a l  de- 

mand. Estimated t o t a l  peak demand f o r  t he  system is calculated t o  be 

10,518,750 Btu/hr. 

be discovered a t  914 m (3000 f t )  a t  a dis tance of one mile from the  site. 

is fu r the r  assumed t h a t  t h e  f l  rate would be 3780 l/min (1000 gpm). 

3-10 presents  a summary of assumptions f o r  t he  analysis .  

It is assumed tha t  6OoC (140'F) geothermal water could 

It 

Table 

- 
Table 3-10: Summary of Common Assumptions 

ct  Heating System f o r  Spr ingerv i l le  D i s t  

Variabl ssumed Value 

Resource Temperature 
914 m (3000 f t )  

Flow Rate 
Distance 690 m ( 1  mile) 

Bond Rate (above in f l a t ion )  

P r i ce  of Con 

Pro jec t  L i f e  (years) 

36 



p r i c e  includes t h e  cos t s  f o r  hookup and conversion of each s t r u c t u r e  t o  be 

heated. 

t he  p r i ce  of geothermal energy would be  $3.96 per  mi l l ion  Btu. 

each home would requi re  $1,250 worth of hookup and heat ing equipment. 

both cases, t h e  geothermal p r i c e  compares q u i t e  favorably with l o c a l  cos t s  

I f  a new development were b u i l t  and designated t o  use geothermal heat ,  

I n  addi t ion,  

I n  

f o r  both e l e c t r i c i t y  and propane. I n  the  r e t r o f i t  case, t o t a l  f u e l  cos t  sav- 

ings over 20 years  equal $2,618,000 and i n  t h e  new growth case t o t a l  f u e l  

cos t  savings equal $3,538,000. 

f o r  t he  two cases considered. 

l e  3-11 presents  an itemized cos t  summary 

Category New’ Growth Case 
Design $ 168,810 

515,983 
Transmission 146,707 

Dis t r ibu t ion  t 
Resident ia l  0 

Commercial Convers 
H e a t  Exchangers 47,158 

935,924 

e r e f l ec t ed  



systems. 

equipment i n s t a l l e d  i n  each home. The e f f e c t  would be  t o  increase t h e  p r i c e  

of each home o r  commercial bui lding although t h e  p r i ce  of t he  heat ing equip- 

ment is comparable t o  p r i ces  f o r  current  furnace uni t s .  

noting is t h a t  t h e  system analyzed contains s ign i f i can t  excess capacity. 

However, i n  t h e  new growth s i tua t ion ,  energy users  must pay f o r  t h e  
cp, 

, u  . 

A second point  worth 

Ex- W 
I 
1 pansion of bhe heat ing d i s t r i c t  t o  750 homes would be possible  without incur- I 
I 

I r ing  addi t iona l  d r i l l i n g  costs.  

iw Cli f  ton/More 

C l i f ton  and Morenci are two communities located i n  Greenlee County about 
j 

1 son. C l i f ton  orated communi 

county seat and Morenc 

Dodge copper mining operation. 

not incorpor 0 

Approximately two-thirds of a l l  employed per- 

1 area population is estimated a t  9,000 

49 

I n  Section 3.5 of 

0 

w 
y Cl i f ton ,  t h e  

<. 

W 

Clr' 

Ij 
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W 
I 

Table 3-12: 

Variable Value 
Population 1475 

Resource erature 6OoC (140'F) 
Depth 30 m (100 ft) 

Distance 1609 m (1 mile) 

Assumptions for Clifton-District Heating System 
b, * 

I Population Growth 0 

l w  

1 Flow Rate 1890 l/min (500 gpm) 

- Heating Degree Days 3431 
u Peak Residential Heat Demand 

Peak Commercial Heat Demand 
14,750,000 B tu/hr 
11,062,500 Btu/hr 

Bond Rate (above inflation) 2% 

Return on Investment (10%) 10% 

Price of Natural Gas (per MBtu) $3.30 4$ 

10 is only 30 m (100 ft), 

per million Btu. The ty of the cost is associated with the residential 

,ea 

l 

0 

~ 

-. 
Y 

r 

W 

LJ 

0 



u 

Present Value of Capital Cost 
W 

Y Category 
Research Investment ( 1) $ 18,022 
Design 362,426 

26,874 
W 162,369 

Distribution 
- 

785,634 
Residential Hookup 272,790 

r3 Commercial Conversion 414,913 
Heat Exchangers 99,607 
Central System 1,870,825 

Y 
("Research Investment includes the cost he first production well, 

injection well and pumps. 

lease payments. 

w 

y3 onclusions drawn are 

Y e included such factors 

4d 

ve further attention. 

W 

u 

0 



3. IO Outreach 

Several speaking engagements were fulfilled by the Commercialization 

Team. 

gineering class. In addition, several newspaper articles on the activities 

of the Commercialization Team and the Scottsdale work appeared in local news- 

Groups spoken to included the Tucson Optimist Club and a university en- 

papers. 

Also as a function of outreach, the Arizona Commercialization Team ex- 

hibited their geothermal display in the Greater Southern Arizona Home Improve- 

ment and Energy Expo, which was held May 7-11. 

energy companies displayed their wares. 

More than 300 alternative 

Members of the Arizona Geothermal Commercialization Team and Resource As- 

sessment Team attended a Region 

ducer's meeting in El Centro, C 

Region IX was discussed as well 

In addition to these outre tivities, the monthly newsletter, The Geo- -- 

and private sectors in Ar 

use was started 



W 

Due t o  an Executive 0 r by President Reagan regarding information dis-  

%Geothermal Resource w i l l  be semination, i t  is unsure a t  t h i s  t i m e  wheth 

d i s t r ibu ted  i n  the  re+ The Commerciali t i o n  Team must gain approval t o  

d i s t r i b u t e  t h e  newsletter from Washington D.C. before any more issues are sent  

out. 

LJ 
V 

W 

Final ly ,  during the  second quarter ,  e f f o r t s  have been made t o  clean up 

the  pro jec t  i n  an t ic ipa t ion  of closing it out  i n  December. 

t i o n  Team plans t o  publish a l l  pas t  work I n  individual  repor t s  t h a t  would be 

ava i lab le  t o  the  publ ic  a f t e r  t h e  pro jec t  is closed out. 

The Commercializa- 

0 

The following infor-  

(2) Arizona Geothermal Ins t i t u t iona  0 

ndus t r i a l  process 

temperatures; (5) 

w 
ed i t ing  these reports .  

r) 

0 

w 

w 

U 
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