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INTRODUCTION 

A l t e r n a t i v e  sources  of energy w i l l  have t o  be  developed as t h e  a v a i l -  

a b i l i t y  of t r a d i t i o n a l  energy resources  cont inues  t o  diminish.  Arizona 

is  suppl ied  wi th  geothermal reserves which could p o t e n t i a l l y  supplement 

t h e  e x i s t i n g  energy supp l i e s .  Consequently, planning e f f o r t s  have con- 

cen t r a t ed  on es t ima t ing  t h e  p o t e n t i a l  of geothermal energy u t i l i z a t i o n  

i n  Arizona and in providing informat ion  necessary  f o r  i ts p rospec t ive  

commercialization. 
. .  

Geothermal commercial izat ion p l ans  were prepared f o r  seven d i s t i n c t  

i n t r a s t a t e  subdiv is ions .  The geothermal r e source  prospec t  and t h e  poten- 

t i a l  geothermal uses  f o r  each area are d iscussed  i n  s e p a r a t e  Area Develop- 

ment P lans  (ADPs). T h e  major o b j e c t i v e  of t he  ADP is t o  provide  informat ion  

f o r  t h e  p rospec t ive  development and commercial izat ion of geothermal energy 

in t h e  s p e c i f i e d  area. A t t e m p t s  are made t o  match t h e  a v a i l a b l e  geothermal 

resources  t o  p o t e n t i a l  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  

users .  

Pima County i s  l o c a t e d  e n t i r e l y  w i t h i n  t h e  Basin and Range physio- 

graphic  province i n  which geothermal r e sources  are known t o  occur. Con- 

t inued  growth as ind ica t ed  by such f a c t o r s  as popula t ion  growth, employment 

and income w i l l  r e q u i r e  large amounts of energy. It is  be l ieved  t h a t  geo- 

thermal energy could provide some of t h e  energy t h a t  w i l l  be needed. 

t e n t i a l  u s e r s  of geothermal energy wi th in  t h e  county are i d e n t i f i e d .  

AREA DEVELOPMENT PLANS 

Po- 

.,. 

Arizona has been d iv ided  i n t o  seven d i s t i n c t  s i n g l e  o r  mult icounty 

subd iv i s ions  f o r  which Area Development P lans  (ADPs) f o r  geothermal 

commercialization have been developed. A map of Arizona presented i n  

Figure 1 shows these  a r e a s  which  are numbered i n  o rde r  of planning p r i o r i t y .  

-1- 



P r i o r i t i e s  

I) Maricopa 
fX) Pima 
111) GrahamlGreenlee 
.IV) Pinal 
V) YUma 

- <  

VI)  Cochise/Santa Cruz 
V I I )  Northern Counties 

(1,3,4,8,9,13) 

County Names 

1. Apache 
2. Cochise 
3. Coconino 
4. Gila 
5. Graham 
6. Greenlee 
7.  Maricopa 
8. Mohave 
9.- Navajo 
10. PiJna 
11. Pinal 
12. Santa Cruz 
13. Yavapai 
14. PlJma 

Figure 1: k e a  Development Plans for Arizona. 



This  ADP is  concerned w i t h  Pima County. Both metric and Engl i sh  

u n i t s  are provided i n  t h e  text. However, on ly  metric u n i t s  appear  in t h e  

t a b l e s  and f i g u r e s .  For convenience, some common conversion f a c t o r s  are 

l i s t e d  in Table 1. In t h i s  r e p o r t ,  one ni l l ion Btu = MBtu. 

TABLE 1: SOME COMMON CONVERSION FACTORS 
~~ 

Length and Volume Conversions: 

To Convert: Mul t ip ly  By: 

meters 3 . 281  

k i lome te r s  0.6214 

cubic  k i lome te r s  0 2399 

l iters 0.2642 

To Obtain: 

f e e t  

miles 

cub ic  m i l e s  

g a l l o n s  

0 0 Temperature Conversions: F = (1.8 x C) + 32 

GEOTHERMAL RESOURCES 

Pima County l ies e n t i r e l y  w i t h i n  t h e  Basin and Range phys iographic  

province  which is c h a r a c t e r i z e d  by numerous mountain ranges  a r i s i n g  a b r u p t l y  

from broad v a l l e y s .  

r e l a t i v e l y  shallow depths  of less than 1200 m (3940  f t )  are l o c a t e d  w i t h i n  

Pima County. Xumbered boxes i n  Figure  2 i d e n t i f y  t h e s e  areas; Table  2 

g ives  t h e  l o c a t i o n  of each of these areas along w i t h  rough estimates of 

depth,  volume and temperature.  

A t  least fou r  areas known t o  s t o r e  thermal  water a t  

The Tucson m e t r o p o l i t a n  area is l o c a t e d  in  t h e  Santa Cruz Val ley,  a 

broad, sed iment - f i l l ed  b a s i n  surrounded by mountains. h deep o i l  test  

w e l l  nea r  t h e  c e n t e r  of t h e  b a s i n  had a bottom ho le  temperature  of 147OC 

(297'1") a t  a depth of 3600 n (11,810 f t ) .  Five dies n o r t h e a s t  of  t h e  o i l  

test w e l l  are water w e l l s  i n  which thermal water has  been encountared. The 

h ighes t  measured temperature  xas  J2.2OC (126'7) a t  a depth  of 762 m (2500 E t ) .  

-3- 
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W a r m  water from w e l l s  on t he  Papago Ind ian  Reservat ion i n d i c a t e s  t h e  

existence of low temperature  (<90 C; <194 F) geothermal p o t e n t i a l  i n  Pima 

County. Much of the  r e s e r v a t i o n  i s  unexplored, b u t  several water w e l l s  on 

t h e  Papago Farms southwest of S e l l s  have encountered 45OC (113'F) t o  47OC 

C117°F) water a t  depths  of less than 200 m (656 f t )  (Stone, 1980). 

0 0 

In t e rmed ia t e  temperature geothermal p o t e n t i a l  is  i n f e r r e d  from pre- 

s e n t l y  a v a i l a b l e  geo log ica l ,  geochemical and geophysical  information 

CMitcher, 1979). The l o c a t i o n  of one i n f e r r e d  p o t e n t i a l  r e s e r v o i r  i n  

Pima County and rough estimates of i t s  depth,  volume and temperature are 

presented i n  Table  3. 

A forthcoming state geothermal map compiled by t h e  Arizona Bureau 

of Geology and Mineral  Technology and published by t h e  Na t iona l  Oceano- 

graphic  and Atmospheric Adminis t ra t ion w i l l  provide a complete and up- 

da t ed  l i s t i n g  of d a t a  concerning thermal w e l l  and sp r ing  l o c a t i o n s  as 

w e l l  a s  temperature and dep th  estimates, flow rates and t o t a l  d i s so lved  

s o l i d s .  

ECONOMY 

T h i s  map w i l l  b e  a v a i l a b l e  i n  l a te  1981. 

Populat ion 

Pima County w a s  chosen f o r  the second A r e a  D e v e l o p m e n t  Plan s ince i t  

con ta ins  the state's second l a r g e s t  popu la t ion  center, namely Tucson. With 

a 19-80 populat ion of 531,263 and an area of 9,240 square  m i l e s ,  Pima County 

has a popu la t ion  d e n s i t y  of 57.5 persons  pe r  squa re  m i l e .  This  f i g u r e  can 

h e  misleading s i n c e  t h e  popu la t ion  is  n o t  uniformly d i s t r i b u t e d  throughout 

t h e  county bu t  is concentrated i n  the Tucson area. The 1980 urban area 

populat ion of Tucson w a s  487,263 g iv ing  i t  a populat ion d e n s i t y  of 1392 
Q 

persons per  squa re  m i l e .  Other major c i t i e s  i n  t h e  county are South Tucson, 

Ajo ,  Green Valley/Continental  and Cata l ina .  

a long  wi th  t h e i r  populations.  

They are l i s t e d  i n  Table 4 
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'l'AU1.E 3 : INFERRED INTEK~DIATE TO IIICH TEMPERATURE ( >90°C) GEOTHERMAL RESERVOIRS 

OF PIMA COUNTY OF LESS THAN 2 . 5  KM DEPTH 

Tr - Average reservoir temperature 

Name Location 0 Depth Volyme Tr - C 
km km 

Tucson Basin T14-15S, R14-15E 2 5 2.5 130 

1 Iirl-crences based on: 
- 1  
1 

(1)  Deep well tests 

( 3 )  Structure 



TABLE 4: MAJOR CITIES I N  PIMA COUNTY AND THEIR POPULATIONS 

Town Popula t ion  
~~ ~ 

Tucson 

South Tucson 

Green Val ley 

Papago Indian  Reservat ion 

A j  o 

Ca ta l ina  

Tucson Estates 

Marana 

Others  

~ ~~ 

467,200 

6,576 

8,551 

7 , 970 

6,096 

3,468 

3,331 

1,982 

16,138 

521,302 

Of t h e  521,301 persons i n  Pima County, 69 Dercent are white ,  24 pe rcen t  are 

Hispanic ,  3 percen t  are Indian  and 3 percent  are black. 

Growth 

Over t h e  las t  40 yea r s ,  t h e  popula t ion  of P i m a  County has  g r o m  a t  an  

annual  rate of 5.2 percent .  Future  p r o j e c t i o n s  p l a c e  popula t ion  growth a t  

2 . 3  percent pe r  year until t h e  year 2000. However, many persons wi th in  Tucson 

b e l i e v e  t h e s e  p r o j e c t i o n s  underes t imate  popula t ion  growth. Many f e e l  t h a t  

t h e  popula t ion  of Tucson a lone  w i l l  exceed 1,000,000 people  be fo re  2000. 

F igure  3 shows p ro jec t ed  popula t ion  f o r  Pima County a t  t h e  2.3 percent  

growth rate and a t  va r ious  o t h e r  growth rates as w e l l .  It is  almost  c e r t a i n  

t h a t  t h e  2.3 percent  f i g u r e  is  too  low f o r  Pima County. 

The ma jo r i ty  of growth is  expected t o  occur i n  and around Tucson s i n c e  

i t  i s  t h e  only major c i t y  i n  t h e  county. Southwest Tucson i s  growing most 

r a p i d l y  followed by t h e  n o r t h e a s t  and northwest  s ec t ions .  

growth rates f o r  areas of Tucson as measured by i n c r e a s e s  i n  school  enrol lment .  

F igure  4 shows t h e  

-8- 
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TUCSON ? I  

. 

FIGURE 4: Fastest Growing Areas of Tucson. 
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Indus t ry  and Employment 

The p r i n c i p a l  c o n t r i b u t o r  t o  Pima County's income is  tourism, 

accounting f o r  $900 m i l l i o n  i n  f i s c a l  1978 - 1979. 

a 25-percent i n c r e a s e  from the previous year .  

county has shown r a p i d  growth over  t h e  yea r s ,  energy shor t ages  may slow t h e  

growth i n  travel t o  Arizona and t o  Pima County. 

This f i g u r e  r e p r e s e n t s  

Although tourism i n  t h e  

The second l a r g e s t  c o n t r i b u t o r  t o  t h e  county 's  economy is  manufac- 

t u r ing ,  s p e c i f i c a l l y  of a i r c r a f t  and e l e c t r o n i c s  products .  Manufacturing 

accounted f o r  an  e s t h a t e d  17,000 jobs i n  1979 and con t r ibu ted  over  $300 

m i l l i o n  t o  the Pima County economy i n  1977. The Deparhnent of Economic 

S e c u r i t y  estimates t h a t  manufacturing employment w i l l  grow a t  an annual  

rate of over  5 percent, most ly  i n  the Tucson m e t r o p o l i t a n  area. 

The t h i r d  l a r g e s t  c o n t r i b u t o r  t o  t h e  Gross County Product  of Pima 

County is  mining, s p e c i f i c a l l y  copper mining. Copper mining i n  Pima 

County accounted f o r  about  40 percent  of t o t a l  p roduct ion  i n  Arizona i n  

1970. However, t h e  copper indus t ry  f l u c t u a t e s  w i l d l y  depending upon t h e  

market p r i c e  of copper and is only  r e c e n t l y  recover ing  from a 1977 slump. 

Agr i cu l tu re  is a l s o  an important  segment of t h e  Pima County economy, 

account ing f o r  over $44 m i l l i o n  i n  income i n  1977. 

46,000 acres w a s  p lan ted  i n  Pima County, t h e  ma jo r i ty  of which w e r e  

p lan ted  i n  c o t t o n  followed by g r a i n s ,  vege tab le s  and a l f a l f a .  

Department of Economic Secur i ty  estimates t h a t  approximately 1500 persons 

were employed i n  a g r i c u l t u r e  i n  1979. 

problems, employment i n  a g r i c u l t u r e  is expected t o  d e c l i n e  2.2 pe rcen t  

per  year  through t h e  year  2000. 

In 1978, a t o t a l  of 

The 

However, due t o  c r i t i ca l  water 

F igures  5 and 6 g i v e  1978 employment l e v e l s  f o r  v a r i o u s  s e c t o r s  as 

w e l l  as t h e  expected l e v e l s  i n  t h e  year  2000. Overall employment i n  t h e  

-11- 
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county i s  expected t o  grow a t  a 3.2 pe rcen t  annual  ra te  t o  2000. Most 

r ap id  growth i s  expected i n  t h e  manufac tur ing .sec tor  followed by t h e  

c i v i l i a n  government l abor  f o r c e  and t h e  cons t ruc t ion  indus t ry .  

Income 

Personal  income and pe r  c a p i t a  income are considered s t rong  indi -  

c a t o r s  of t h e  economic h e a l t h  of a region.  S ince  t h e r e  i s  a d i r e c t  

r e l a t i o n s h i p  between income and energy consumption, changes i n  personal  

income and per  c a p i t a  income are a r e f l e c t i o n  of bo th  economic growth 

and energy consumption. During t h e  per iod  1970-1977, aggrega te  personal  

income i n  Pima County grew by 12.5 percent  per  year.  F igures  7 and 8 

show p ro jec t ed  growth of personal  income and per  c a p i t a  income t o  t h e  year  

2000 as p r o j e c t e d  by the  D e p a r t m e n t  of E c o n o m i c  Secur i ty .  T h i s  growth i n  

income can be  a t t r i b u t e d  t o  t h e  predominance of high-wage i n d u s t r i e s  such 

as manufacturing, cons t ruc t ion  and government. 

Other Economic - Ind ica to r s  

The gene ra l  we l f a re  of t h e  economy is  ind ica t ed  n o t  only by such fac-  

t o r s  as popula t ion ,  employment and income b u t  a l s o  by t o t a l  r e t a i l  sales 

and bank depos i t s .  During t h e  per iod  1968-1978, r e t a i l  sales i n  Pima 

County grew by 215 percent ;  bank d e p o s i t s  increased  by 180 percent  over  

t h e  same period.  These f i g u r e s  f u r t h e r  i l l u s t r a t e  t h e  cont inuing ,  r ap id  

economic growth of Pima County. 

I n  summary, t h e  economic i n d i c a t o r s  i nves t iga t ed  a l l  p o i n t  t o  continued 

economic growth wi th in  P i m a  County. In fac t ,  the Chase Econometric Asso- 

c i a t i o n  found t h a t  Tucson is t h e  f a s t e s t  growing c i t y  i n  the United S t a t e s .  

I n  o rde r  t o  support  t h i s  growth, l a r g e  amounts of energy w i l l  b e  requi red  f o r  

both t h e  expansion of r e s i d e n t i a l  housing and t h e  growth of i n d u s t r y  and t r a d e  

cen te r s .  It is be l ieved  t h a t  geothermal energy could p rov ide  some of t h e  

energy needed i n  t h e  fu tu re .  

-14- 
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Figure  7: P r o j e c t i o n s  of Pe r sona l  Income (1972 Dol l a r s )  f o r  P i n a  County. 
Source: Department of  Economic S e c u r i t y  

F i g u r e  8: P i o j e c t i o n s  of Personal  ? e r  Capita Income (1972 D o i l a r s )  
f o r  ? h a  County. 
Source: De?arment  o f  3conomic SecurfqT 



LAND OWIERSHIP 

Figure  9 p r e s e n t s  a g e n e r a l  land ownership map f o r  Pima County. The 

m a j o r i t y  of t h e  l and  is owned by t h e  Indians.  Table  5 p r e s e n t s  acres owned 

by va r ious  s e c t o r s .  

depend upon which s e c t o r  owns t h e  land. 

Procedures  f o r  acqu i r ing  s u r f a c e  and mineral r i g h t s  

TABLE 5: LAND OWNERSHIP BY ACRES 

Sec to r  P e r c e n t  age  Acres 

Ind ian  

Fede ra l  

State 
P r i v a t e  

To t a l  

42 2,483,880 

28 1,655,920 

16 946,240 

14 827,960 

100 5,914,000 

ENERGY USE 

Table 6 p r e s e n t s  energy use  dur ing  1978 f o r  t h e  v a r i o u s  u s e r s  w i t h i n  

P r o j e c t i o n s  are a l s o  provided t o  i l l u s t r a t e  expected t r e n d s  Pima County. 

i n  energy use. 

sen ted  by u s e r  class in Table 7. 

Estimated 1978 average p r i c e s  f o r  t h e  energy types  are pre-  

With t h e  except ion  of e l e c t r i c i t y  t h e  energy p r i ce  i n c r e a s e s  shown i n  

Table  8 were based on Energy Information Admin i s t r a t ion  p r o j e c t i o n s  t o  t h e  

yea r  2020. 

Ves te rn  Regional p r i c e  i n c r e a s e s  f o r  f u e l  sources  w i l l  probably r e f l e c t  

t r ends  i n  Arizona. However, due t o  the  c u r r e n t  and p ro jec t ed  excess  elec- 

t r ica l  genera t ing  capac i ty  f o r  Pima County, p r i c e  i n c r e a s e s  f o r  e l e c t r i c i t y  

w i l l  b e  minimal through 2020 s i n c e  rising f u e l  and l a b o r  c o s t s  are r e l a t i v e l y  

These p r i c e  i n c r e a s e s  r e f l e c t  r e g i o n a l  t r e n d s  n o t  s ta te  t rends .  

i n s i g i f i c a n c  h e n  cmuarea t o  :he c a s t  3 f  nerd power ? ian ts .  Thus, 

-16- 
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TABLE 6: PIMA COUNTY ENERGY-USE PROJECTIONS(1) (_Tr i l l i on  Btu) 

User Class 19J8c22. 1 9 8 5 ~ ~ ~  2000 2020 
~~ 

Res iden t i a l  12.54 11.44 10 04 1Q. 98 
Commercial 14.72 16.24 22.40 45.28 
I n d u s t r i a l  7.55 8.~0 10. OQ 15 . 17 
To t a l  34.81 35.68 42.44 71.43 

cl) Excludes t r a n s p o r t a t i o n ,  conversion and l i n e  losses. 

c2) Developed from Arizona Energy U s e  1978, by t h e  Div i s ion  of Economic 
and Business Research, University of Arizona. 

c3) P r o j e c t i o n s  der ived  from growth rates from s ta te  p r o j e c t i o n s  per-  
formed hy New Mexico Energy I n s t i t u t e .  

TABLE 7: ESTIMATED AVERAGE ENERGY PRICES BY USER CTLASS, 1978 (Per M i l l i o n  Btu) 

Res iden t i a l  Comer cia1 I n d u s t r i a l  
~ ~~ ~ 

E l e c t r i c i t y  $16.20 

Natura l  Gas $ 2.69 
Liquid Petroleum Gas $ 6.25 

Distillates $ 5.44 

$16.50 $12.86 
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TABLE 8: REAL PRICE GROWTH RATES (By Fuel  Type and Consuming S e c t o r )  

~ 

i 

i 
i 
I 

T L I  FRAME 1 E l e c t r i c i t y  

R E S I D E N T I A L  

Disti l lates Liquid  Pe t ro-  Xatural G a s  
leum Gas 

1980 - 1990 
1990 - 2020 

0.05 

0 

.04 

.03 

.044 

035 

.066 

. 05 

I 
C O M M E R C I A L  

TIME F'RAME 1 Electr ic i ty  Disti l lates Liquid  
l e u  ! 

Pet ro-  N a t u r a l  Gas 
Gas 

I 

1980 - 1990 i , 0.05 .042 .052 .066 

1990 - 2020 I 0 032 .045 . 05 i 
! 

1 
I X D U S T R I A L  

TIME FRAHE ' E l e c t r i c i t y  Dist i l la tes  Liquid Pe t ro-  Y a t u r a l  Gas 
1 leum Gas 
i 
! 

1980 - 1990 0.05 .035 - .085 

1990 - 2020 0 . 03 - .06 

i 
! 

I 

Source: Energy Informat ion  Admin i s t r a t ion  (1979) 

e l e c t r i c i t y  p r ice  increases w i l l  expe r i ence  less i n c r e a s e  r e l a t i v e  t o  in-  

creases i n  o t h e r  f u e l  p r i c e s  over  t h e  n e x t  f o r t y  years .  

Excluding g a s o l i n e  f o r  t r a n s p o r t a t i o n ,  s l e c t r i c i t y  and n a t u r a l  gas are  

:he two a a j o r  types  o f  e n e r g  consuned ia ?<=a Count:i. 

l e v e l s  o f  saies f o r  e l e c z r i c i c y  and na t c ra l  ,.as. 

Table ? l i s t s  1973  
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TABLE 9 :  ENERGY USE BY USER CLASS, 1978 

( 2 )  Natura l  G a s  

. R e s i d e n t i a l  1 , 117 , 795 7 , 866 , 457 

Commercial 

Large Users ( 3 )  

I r r i g a t i o n  

T o t a l  

1 , 170 , 393 

1,883 , 692 

22 , 468 

5 , 079 , 622 

3,776,957 

655,204 

4,194,348 17,378,240 

1) Source i s  Tucson Electric Power & Tr ico  Electric 

2) Source is Tucson Gas & Electric & A j o  Improvement Co. 

3 )  Inc ludes  Large Commercial Users 

Btu Equiva len ts  ( T r i l l i o n  Btu ' s )  

Electric Na tu ra l  Gas T o t a l  

R e s i d e n t i a l  

Commercial 

(1) Large Users 

I r r i g a t i o n  

T o t a l  

3.815 7.866 

3.995 5.079 

6.429 3.777 

.0767 .655 

14.3157 17.377 

11.681 

9.079 

10.206 

.7317 

31.6977 

1) Includes  l a r g e  commercial users .  
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Tucson Electric Power Company p rov ides  e l e c t r i c i t y  t o  90 p e r c e n t  

of t h e  customers in Pima County. Curren t  and p r o j e c t e d  breakdowns of 

energy sales are p resen ted  in Table  10. 

i n d u s t r i a l  and la rge-user  s e c t o r  c u r r e n t l y  accounts  f o r  50 p e r c e n t  of 

Tucson Electric Power Company's t o t a l  electric energy sales; in 1995, 

t h i s  f i g u r e  is  expected t o  dec rease  t o  39 p e r c e n t  of t h e  t o t a l  sales. 

As i n d i c a t e d  in t h e  t a b l e ,  t h e  

TABLE 10: PROJECTED DISTRLBUTLON OF ELECTRICITi SALES IX PLXA COUNTY 

Customer Class 

R e s i d e n t i a l  

Commercial 

I n d u s t r i a l  & Large Users 

Others  

Source: Tucson Electric 

1980 

26 

19 

50 

5 

- 

Power 

Pe rcen t  of S a l e s  

1985 

30 

- 

20 

46 

4 

1990 

33 

20 

42  

5 

- 1995 

35 

22 

39 

4 

- 

The r e s i d e n t i a l  s e c t o r ,  however, i s  expected t o  account  for a l a r g e r  

pe rcen tage  of t o t a l  electric energy sales i n  1995 (35 p e r c e n t )  t han  i t  

c u r r e n t l y  does ( 2 6  p e r c e n t ) .  

popu la t ion  growth and i n c r e a s e d  demand f o r  electric hea t ing .  

t r ial  s e c t o r  has  more f l e x i b i l i t y  than  t h e  r e s i d e n t i a l  s e c t o r  and can  

modify i t s  energy needs more e a s i l y .  

have t o  r e l y  as h e a v i l y  upon e lectr ic  power in t h e  f u t u r e  as it does now, 

and pe rcen t  of t o t a l  e lec t r ic  energy consumed by t h e  i n d u s t r i a l  s e c t o r  

This i n c r e a s e  is l a r g e l y  due t o  t h e  expec ted  

The indus- 

Thus, t h e  i n d u s t r i a l  s e c t o r  w i l l  n o t  

can be expected t o  decrease .  



During 1979, d a t a  were c o l l e c t e d  f o r  monthly e l e c t r i c i t y  sales by 

use r  class. F igure  10 shows t h a t  t h e  peak demand f o r  e l e c t r i c i t y  i n  t h e  

summer months s u b s t a n t i a l l y  tapered  o f f  in t h e  winter months due t o  a 

d e c l i n e  i n  usage of e l e c t r i c i t y  for space  cool ing.  

followed by t h e  commercial and i n d u s t r i a l  s e c t o r s .  Xining, however, shows 

This  p a t t e r n  is a l s o  

a s t eady  increase i n  demand throughout t h e  year .  

Associated with monthly electric sales is a d a i l y  load  curve.  F i g u r e  I1 

i l l u s t r a t e s  t h e  c a p a c i t y  necessary t o  m e e t  the d a i l y  peak  i n  Pima County. 

On J u l y  14, 1978 t h e  annual  peak of 833 NW w a s  reached. It is this peak 

w h i c h  d e f i n e s  t h e  capac i ty  in u s e  and the c a p a c i t y  for w h i c h  l o c a l  u t i l i t y  

companies must d e s i g n  their t o t a l  systems. 

Figure 12 presents growth i n  the peak as experienced by Tucson Electric 

Power Company between 1973 and 1979. The peak s m e r  load has  grown a n  

average  of t h r e e  percent p e r  yea r  s i n c e  1973. However, no change i n  t h e  

peak w a s  experienced i n  1974, 1975 or 1976, a r e f l e c t i o n  of a r e c e s s i o n  

i n  Pima County and doubled electric rates. Tucson Electric Power Company 

is r e q u i r e d  t o  ma in ta in  a n  a d d i t i o n a l  margin of c a p a c i t y  above t h e  annual 

peak. Over t h e  per iod i n d i c a t e d ,  t h i s  margin has  ranged from 24 percen t  

to  69 pe rcen t  of capacity, excluding sales for resale. 

l n  some areas, d i f f e r e n t  rates are charged for electric power based 

on t h e  time of day t h e  e l e c t r i c i t y  is used. Higher rates are charged f o r  

e l e c t r i c i t y  used dur ing  t h e  day when the  power company is o p e r a t i n g  on more 

expensive f u e l  types.  This  time-of-day p r i c i n g  is c u r r e n t l y  i n  t h e  ex- 

per imental  s t age ,  

Southwest Gas Corporat ion provides  n a t u r a l  gas  to P i m a  County. Revenue 

?rovides t h e  2 1 0 ~ 2 s ~  2st-hat2 of Lcs n a t u r a l  $as sales since Southwest Gas 
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Corporat ion does n o t  c o l l e c t  monthly sales d a t a .  

revenues rece ived  dur ing  t h e  month f o r  prev ious  sales, f o r  19.79 a r e  pre- 

sen ted  i n  F i g u r e  13. As a n t i c i p a t e d ,  n a t u r a l  gas  sales show peak  demand 

f o r  r e s i d e n t i a l  and commercial consumption f o r  space  h e a t i n g  i n  the winter 

months. 

area u s e  n a t u r a l  gas  hea t ing .  

Booked volume sales, 

The m a j o r i t y  of r e s i d e n t i a l  dwel l ings  i n  Tucson and the surrounding 

WATER 

Water is r a p i d l y  becoming t h e  major c o n s t r a i n t  t o  growth i n  Pima 

County. In F i g u r e  1 4 ,  t h e  three alternative f u t u r e s  f o r  water a v a i l -  

a b i l i t y  and u s e  i n d i c a t e  t h a t  water demand c u r r e n t l y  exceeds and w i l l  

cont inue  t o  exceed dependable supp l i e s .  Demand f o r  water w i l l  increase 

wi th  t h e  p ro jec t ed  increases i n  popula t ion  and mining a c t i v i t y .  The 

Alternative Futures  Summary shows t h a t  under each a l t e r n a t i v e ,  urban 

d e p l e t i o n s  i n  2020 w i l l  exceed c u r r e n t  urban d e p l e t i o n s  by a t  least 

24 acre- fee t .  Also, t h e  a l t e r n a t i v e s  i n d i c a t e  that water use  for 

mining w i l l  increase n e a r l y  100 percent by 1990 and 350-500 pe rcen t  

by 2020. 

Cur ren t ly ,  Pima County's water supply comes e n t i r e l y  from under- 

ground sources  which are r a p i d l y  being deple ted .  C e n t r a l  Arizona P r o j e c t  

d e l i v e r i e s  t o  Pima County w i l l  more than double  t h e  county ' s  c u r r e n t  

dependable supply.  Even t h e  inc reased  s u p p l i e s ,  however, w i l l  n o t  b e  

enough t o  meet t h e  increased  demand. 

water supply even approximately equal t o  water demand. C'nder t h i s  

a l t e r n a t i v e ,  water f o r  harves ted  acres and a g r i c u l t u r a l  use has  been 

Only under A l t e r n a t i v e  111 is 

g r e a t l y  reduced o r  e l imina ted .  

Eor x S a n  g o w t h  and a i n i n g ,  a g r f c u l t u r e  v i l l  have t o  b e  d r a s t i c a l l y  

rehcea over t h e  nexr: 40 years. 

Thus, i n  order  t o  have enough water 
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PIMA COUNTY 
ALTER NATIVE FUTURES 

URBAN DEPLETIONS A F N R  

STEAM ELECTRIC OEPL!EfIONS AFRR 

MINERAL DEPLETIONS AFffR 

AGRICULTURAL OWL AF/YR 

TOTAL WATER OEPL AFPlR 
DEPENOABLE WATER AFIYR 

SURPLUS SUPPLY (Oef.) 

PROJECTED ALTERNATlVE WATER DEPLETIONS 
AND DEPENDABLE SUPPLY 

69.1 79.0 144.0 61.7 93.1 64.7 , 9 3 1  
6.1 4.4 7.0 3.4 5.a 3.4 5 0  

53.0 101.0 2a .o  100.0 170.0 lCO.0  170.0 
nt.0 196.0 1720 1940 168.0 123.0 0 
139 3 8 0 5 6 1  382 437 291 269 
72 p a w  220 225 220 225 

(rn (752) (339) (134) c21n (63) W) 

600 L 1 

I tw c " 400 a: 

.- *-I-_ , - . .  os- -A'-.- - -  . - -  
1970 1980 1990 2000 2010 2020 

YEAR - 

ALTERNATIVE FUTURES SUMMARY 

POPULATION 
HARVESTED ACRES 

UTERNAllVE 

64s.o 480.0 645.0 960.0 
54.0 U S  54.0 53.4 526 34.0 

Figure 1 4 :  Pro jec t ed  A l t e r n a t i v e s  f o r  Water Use i n  P i m a  County. 
Source: Arizona XiSter C o m i s s i o n  (1977) 
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MATCHIXG GEOTHELXAL RESOURCES TO POTNTZrU. USERS 

The f i n a l  aim of the ADP is t o  match p o t e n t i a l  u s e r s  of geothermal 

energy t o  p o t e n t i a l  r e sources .  

frame i n  which geothermal r e s o u r c e s  w i l l  r e a l i z e  commercial use. 

A n  a t t empt  is also made t o  d e f i n e  a t ime 

Seve ra l  approaches w e r e  t aken  t o  match p o t e n t i a l  u s e r s  t o  geothermal  

resources .  

Pima County. Only t h o s e  i n d u s t r i e s  whose p rocess  heat requi rements  are 

less than the assumed r e s e r v o i r  temperature  of 100°C (ZIZ°F) w e r e  cons idered  

p o t e n t i a l  u s e r s  of geothermal energy. 

process  heat requi rements  for such  i n d u s t r i e s  w i t h i n  the county. 

should  b e  noted t h a t  i n d u s t r i a l  p rocess  heat requi rements  do n o t  i n c l u d e  

energy consumed f o r  space  h e a t i n g  and cool ing .  

One approach concent ra ted  on t h e  i n d u s t r i a l  s e c t o r  w i t h i n  

Tab le  11 presents an estimate of 

It 

Est imated annual  energy consumption w a s  then used t o  model the in- 

t r o d u c t i o n  of  geothermal energy i n t o  the p rocess  heat market. P r o j e c t i o n s  

of the amount of geothermal h e a t  on l ine as a f u n c t i o n  of t ime over  the 

nex t  f o r t y  years r e s u l t e d  from work performed i n  con junc t ion  w i t h  the 

Xew lyexico Energy I n s t i t u t e  (XMEI). 

l i n e  results f o r  p r i v a t e  development and c i t y  development, r e s p e c t i v e l y ,  

w i t h  d i f f e r e n c e s  between t h e  two types  of development p r i m a r i l y  a r i s i n g  

due t o  d i f f e r i n g  c a p i t a l  c o s t s .  The r e s u l t s  i n d i c a t e  t h a t  under c i t y  

u t i l i t y  development, geothermal energy could b e  c o s t  compe t i t i ve  by 1983 

whereas under p r i v a t e  development geothermal energy would come on l ine 

by 1988. 

development of geothermal energy. 

F igu res  15 and 1 6  i l l u s t r a t e  time 

I n  essence, c i ty  u t i l i t y  development would r e s u l t  i n  fas ter  



TABLE 11: ESTIMATED PROCESS KEAT ENERGY REQUIREMENTS 

FOR SELECTED INDUSTRIES I N  PIMA COUNTY 

Assumed Reservoir  Temperature: 100°C C21.2°F)- 

S IC  Code Number Desc r ip t ion  
of Firms 

Energy U s e  
Btu/yr  x 10' 

2026 

2086 

2097 

2431 

2499 

2511 

2515 

2519 

2522 
2591 

3161 

3171 

3273 

3281 

3441 

3442 

3443 

3444 

3449 

3452 

3471 

3496 

3499 

3519 

3811 

3841 

3843 

3911 

3 914 

3949 

3953 

3999 

2 

11 

6 

7 

3 

9 

2 

3 

1 

3 

1 

1 

5 

12 

6 

5 

2 

9 

2 

1 

1 

1 

6 

1 

3 

1 

1 

1 

1 

3 

2 

3 

Fluid  Mild 

S o f t  D r i n k s  

Ice 

Millwork 

Misc. Wood Products  

Wood F u r n i t u r e  

Mattresses 

Misc. F u r n i t u r e  

Metal O f f i c e  F u r n i t u r e  
Drapery Hardware 

Luggage 
Handbag s 

Ready-Mixed Concrete  

Cut S tone  Products  

S t r u c t u r a l  Metal 

Metal Doors 

B o i l e r  Shops 

Sheet  Metal Work 

Misc. Metal Work 

Nuts /Eo 1 t s / Scr  e w s  

Metal P l a t i n g  

Wire Products  

Misc. Metal Products  

I n t e r n a l  Combustion Engines 

Engineering Instruments  

Medical Instruments  

Dental  Equipment 

Jewelry 

S i lverware  

Spor t ing  Goods 

Marking Devices 

xisc. Manufactured Products  
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6.76 

18.9 

147.9 

17.62 
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1.1 

49.1 
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3.04 

42.4 

17.9 

3.7 

145.9 

39.43 

5.0 

7.7 

0.09 

11.2 

8.391 
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0.4 
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10.8 
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1.1 
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For comparison, t he  r e s u l t s  of t h e  modeling are  presented i n  

Table 1 2  i n  terms of b a r r e l s  of o i l  replaced by geothermal energy. 

Clearly,  geothermal energy's contr ibut ion t o  t h e  process hea t  market 

could save a s i g n i f i c a n t  number of b a r r e l s  of o i l  before  1990 and 

would be expected t o  cont r ibu te  even more energy p a s t  1990. 

The NNEI model i s  discussed more f u l l y  i n  Appendix A. 

~~~ 

.TABLE 12:  BARRELS OF OIL REPLACED BY GEOTHERMAL ENERGY PER YEAR 

Process Heat Market 

1985 1990 2000 2020 

P r i v a t e  Developer 0 44 , 643 87 , 320 250,000 

City U t i l i t y  45 , 000 58 , 930 180,357 300 , 000 

Modeling w a s  a l s o  performed f o r  t h e  r e s i d e n t i a l  and commercial s ec to r s .  

However, t h e  scope of work w a s  confined t o  space heating energy require- 

ments. It i s  believed t h a t  t h e  space heat ing market i n  Pima County i s  

l imited to  a few winter months and as such would not  j u s t i f y  t h e  es tab l i sh-  

ment of d i s t r i c t  heat ing systems. Therefore ,  resu l t s  f r o m  t h e  r e s i d e n t i a l  

and commercial s e c t o r s  have been omitted u n t i l  a system including space 

heat ing and space cooling can be modeled. 

I n  a second approach t o  i d e n t i f y  p o t e n t i a l  u s e r s  of geothermal energy, 

i n d u s t r i a l  parks,  i n d u s t r i e s ,  shopping cen te r s ,  schools and h o s p i t a l s  

located i n  southern Tucson were i d e n t i f i e d .  These f a c i l i t i e s  may consume 

enough energy each year t o  warrant conversion t o  geothermal energy f o r  

space heat ing and cooling. The names of these f a c i l i t i e s  and t h e i r  addresses 

are l i s t e d  i n  Appendix B. 

-33- 



Agribusiness and a g r i c u l t u r a l l y  r e l a t e d  i n d u s t r i e s  i n  Tucson are 
- .  . - -  ~ - -  - -  ~- 

a l s o  iden t i f i ed .  Tucson has f i v e  a g r i c u l t u r a l  chemical operations,  

t h ree  ca t t l e  r a i s i n g  operations,  one l a r g e  da i ry ,  n i n e  meat packing 

p l a n t s  and e i g h t  poul t ry  farms. 

t o  use geothermal energy i n  t h e i r  operations i n  p lace  of conventional 

Any of t hese  operat ions may be a b l e  

energy sources. 

Geothermal energy may a l s o  have process heat appl ica t ions  i n  the 

primary copper, s o f t  d r i n k  and ready-mix concrete  indus t r i e s .  The 1980 

Directory of Arizona Manufacturers i d e n t i f i e s  i n d u s t r i e s  by a f o u r - d i g i t  

SIC code and estimates of annual energy consumption as w e l l  as t h e  process 

temperatures required by these  i n d u s t r i e s  w e r e  provided by the Solar  

Energy Research I n s t i t u t e .  Information on the s p e c i f i c  heat  temperatures 

needed i n  each of t h e  operat ions within these  i n d u s t r i e s  w a s  gathered 

from t h r e e  p r i n c i p a l  sources: 

e n t i t l e d  "Energy-Saving Techniques f o r  the Food Industry;" Drexel 

Universi ty 's  Energy Analysis of 108 I n d u s t r i a l  Processes, Phase I of an 

I n d u s t r i a l  Applications Study, 1979;  and a Survey and Analysis of Solar  

t h e  Noyes Data Corporation publ ica t ion  

Process Heating Opportunities i n  Arizona prepared by t h e  Universi ty  of 

Arizona . 
Primary Copper ( S I C  3331) 

Pima County, the l a r g e s t  copper producer i n  Arizona, provides 
, .  

40 percent of t h e  copper produced i n  the  s ta te .  There are about 2,200 

mi l l ion  tons of proven copper o re  i n  the  s ta te .  

The t y p i c a l  process heat  requirements f o r  copper smelting and 

Process hea t  requirements exceed 
- 

r e f in ing  are summarized i n  Table 13. 

1090°C (2000°F) f o r  a l l  processes except so lu t ion  heating. 
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TABLE 13: TYPICAL PROCESS HEAT CONSUMPTION I N  THE COPPER INDUSTRY 

a 

~ ~ ~ ~ _ _ _ _  

Process 

Smelting 

Drying Concentrate 
Reverberatory Furnace 

Converter 

Anode Furnace 

Acid P lan t  

E l e c t r o l y t i c  Refining 

Heating Solut ion 

Melting Cathode 

- 

Temperature (OF) & (OC) 

-- -- 
2200 1204 

2200 1204 

2050 1121 
-- -- 

140 60 

2050 1121 

~~ 

MBtu per ton 

1.40 

14.67 

0.89 

3.49 

0 

4.34 

1.87 

Tota l  26.66 

Source: Battelle Labs, F ina l  Report on Survey of t h e  Applications of 
Solar  Thermal Energy Systems t o  I n d u s t r i a l  Process Heat, V o l .  2, 
I n d u s t r i a l  Process Heat Survey, January 1977. 

Drying t h e  copper concentrate  r equ i r e s  t h e  same t o t a l  amount of 

energy whether t he  concentrate  is  d r i ed  p r i o r  t o  o r  during t h e  smelting 

process. I n  Arizona, no d i r e c t  drying process i s  involved s i n c e  t h e  

smelters use a w e t  charge of copper concentrate.  E l e c t r i c i t y  is  used 

during t h e  smel t ing  

dry t h e  concentrate  

displaced annually. 

thermal energy used 

process, but i f  geothermal energy w a s  used t o  pre-  

about 1.4 x 1 O I 2  Btu's  of conventional f u e l  could be 

This represents  about four  percent of t h e  t o t a l  

by t h i s  industry.  

The e l e c t r o l y t i c  r e f i n i n g  process uses  process hea t  i n  t h e  range of 

6OoC (140'F) t o  77OC C17O0F) t o  heat  e l e c t r o l y t i c  solut ions.  Heating t h e  

so lu t ions  r equ i r e s  4.34 MBtu per ton of r e f ined  copper; t h e  t o t a l  energy 

required annually f o r  t h i s  process i s  about 1.2 x 10 12 Btu. Present ly ,  

most of t h e  heat  i s  supplied by n a t u r a l  gas and f u e l  o i l .  However, low 

temperature geothermal energy could b e  appl ied t o  t h i s  process. 
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Table 1 4  ind ica t e s  t h e  use of process hea t  f o r  t h e  ind iv idua l  

processes within the  primary and secondary copper industry.  

TABLE 14: AGGREGATE PROCESS HEAT REQUIREMENTS FOR 

PRIMARY AND SECONDARY COPPER 

T r i l l i o n  Btu's/year,  1973 

Process 
Hot Water S t e a m  

under 100°C 100-177°C Over 177OC 

Copper (primary & secondary) 

Drying 0 

Reverberatory Furnace 0 

Converting 

Anode Refining 

E l e c t r o l y t i c  Refining 

Process 

0 0 

0 0 

0 0 0 

0 0 0 

4.6 0 0 

Dizect Heat/HotoAir 
under 100 C 100-177 C Over 177OC 

Copper (primary & secondary) 

Drying 0 0 0 

Reverb era t ory  Furnace 0 0 21.4 

Converting ' 0  0 0.8 

Anode Refining 0 0 3.0 

E l e c t r o l y t i c  Refining 0 0 0 

Source: See Table 13 f o r  Source 

A new copper r e f i n i n g  process has recent ly  been developed which o f f e r s  

p o s s i b i l i t i e s  f o r  geothermal appl icat ions.  The new process i s  a hydro- 

meta l lurg ica l  ex t rac t ion  of copper. 

process with an assessed t o t a l  energy requirement of 32M3tu/ton. 

This process i s  a low energy-consuming 

The pro- 

cess energy required f o r  so lu t ion  heating is normally provided by 30-psi 

steam a t  a temperature of approximately 121OC (250 F). 0 
The s o l u t i o n  
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0 0 0 
temperatures  r e q u i r e d  f o r  t h i s  process  a r e  about  37 C (100 F) t o  107 C 

(225'F). S i n c e  t h e  a s ses sed  geothermal r e s e r v o i r  temperature  f o r  Pima 

County is 100 C (212 F ) ,  t h e  r equ i r ed  s o l u t i o n  temperatures  are s u i t a b l e  

t o  geothermal a p p l i c a t i o n .  

0 0 

I n  a d d i t i o n ,  it is important  t o  n o t e  t h a t  copper dump l each ing  is  

p r a c t i c e d  i n  some form i n  a l l  of t h e  mines i n  Pima County. 

temperatures  of t h e  l each ing  f l u i d  are known t o  enhance t h e  rate of copper 

e x t r a c t i o n .  

Increased  

Low-temperature geothermal energy could be used i n  p l a c e  of 

f o s s i l  f u e l s  t o  h e a t  t h e  l each ing  f l u i d .  

C o m n e r c i d i z a t i o n  Team will d i s c u s s  t h e  l e a c h i n g  p r o c e s s  f o r  cop?er 

recovery.  

Two r e p o r t s  be ing  pre?ared by t h e  

These r e p o r t s ,  e n t i t l e d  "Geothermal Energy f o r  Copper Dump 

Leaching" and "Geothermal Energy f o r  t h e  E x t r a c t i o n  of Copper by 

F l o t a t i o n " ,  should be  a v a i l a b l e  by l a te  1981. 

S o f t  Drink Indus t ry  (SIC 2086) 

The 1980 Arizona D i r e c t o r y  of Xanufacturers  lists t h r e e  s o f t  d r i n k  

i n d u s t r i e s  w i t h i n  Pima County. Each is p r i m a r i l y  engaged i n  manufacturing 

s o f t  d r i n k s  and carbonated waters. 'The s i g n i f i c a n t  o p e r a t i o n s  w i t h  po- 

tential geothermal energy use are fructose storage, returnable bottle 

washing, can washing and cleanup. 

P r e s e n t l y ,  n a t u r a l  gas  is  used f o r  a l l  of t h e s e  o p e r a t i o n s  w i t h  h o t  

water as t h e  medium. 

of 32OC (90'F) ; b o t t l e  washing, 77OC - 88OC (170°F - 190 F) ; can washing, 

54OC - 6Ooc (13OoF - 140 F) ; and t h e  clean-up ope ra t ion ,  6OoC - 7 7 O C  

Fruc tose  s t o r a g e  r e q u i r e s  a process  h e a t  temperature  

0 

0 

(14OoS - 170'F). 

ce s ses  a lone  consume about 0.19 x 1 O I 2  a t u ' s / y r .  

a s ses sed  z e o t h e m a l  temperature  i n  Pima County of 100 C (2:2OF), t h e  above 

s rocesses  aupear t o  5e s u i t a b l e  f o r  S e o c h e r x a l  Trocess heac a p p l i c a t i o n s .  

It is es t imated  t h a t  t h e  b o t t l e -  and can-washing pro- 

Thus given t h e  ave rase  

0 



Ready-Nix Concrete I n d u s t r y  (SIC 3273) 

There are t h r e e  l a r g e  f i rms  w i t h i n  t h i s  i n d u s t r y  i n  Pima County. 

Since t h e  c o n c r e t e  is poured w e t  and is allowed t o  set a t  ambient tem- 

p e r a t u r e  a t  t h e  job site, energy consumption is f o r  f u e l  f o r  t r a n s p o r t a t i o n  

. r a t h e r  than f o r  process  hea t ,  E l e c t r i c i t y  is t h e  p r e v a i l i n g  energy source  

used i n  t h e  c rush ing  and mixing process  so t h e  low- t o  moderate-tern- 

p e r a t u r e  geothermal r e sources  of Pima County are n o t  s u i t a b l e  f o r  t h e s e  

a p p l i c a t i o n s ,  However, t h e  ready-mix c o n c r e t e  i n d u s t r y  does r e q u i r e  l a r g e  

q u a n t i t i e s  of ho t  water f o r  c leaning ,  mixing and s t o r i n g .  Geothermal 

energy p o t e n t i a l l y  could be  used t o  h e a t  t h e  water f o r  t h e s e  a p p l i c a t i o n s ,  

SZMMARY 

Work t o  d a t e  has  concent ra ted  on s imple  i d e n t i f i c a t i o n  of p o t e n t i a l  

u s e r s  of geothermal energy. 

demands as w e l l  as f u r t h e r  d e t a i l s  on v a r i o u s  i n d u s t r i a l  and a g r i c u l t u r a l  

h e a t  requirements  remains t o  b e  done. Such d e t a i l  w i l l  b e t t e r  d e f i n e  t h e  

r o l e  which geothermal energy may play i n  f u t u r e  years .  

S p e c i f i c a t i o n  of annual  h e a t h g  and c o d i n g  
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Appendix A 

The New Mexico Energy Institute at New Mexico State University has 

developed a computer simulation model, BTJBRM, to assess the economic 

feasibility of residential and commercial district space heating, hot 

water heating and industrial process heating using low temperature geo- 

thermal energy. Another model, CASH, was developed to depict the growth 

of geothermal energy on line over the next 40 years as a function of price 

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

geothermal energy must be price-competitive with the lowest-cost conven- 

tional energy source in order to assure market capture. 

Development of a geothermal resource is characterized by large capital 

outlays, but a long-term geothermal investment has the potential to provide 

relatively inexpensive energy at a stable price. 

electricity, however, geothermal energy is an unknown energy involving cer- 

tain risks such as price and reservoir life and the need for back-up systems. 

An analysis of the costs and economic competitiveness of geothermal energy 

must take these uncertainties into account. Thus, costs may be over- 

estimated so that the benefits will not be overstated. 

Unlike natural gas and 

The BTHERM computer simulation model models the residential, commer- 

cial and industrial sectors of a typical city, each sector having unique 

energy costs and energy system physical parameters as well as different 

growth rates. The model possesses the ability to model each sector in- 

dividually and can analyze the application of geothermal energy to new 

growth only, to conversion of existing structures or to a combination 

of both. The model also has the capability to model both private and 

city-owned utility development of the geothermal resource. 
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Output of t h e  model i n c l u d e s  t h e  l e v e l i z e d  p r i c e  pe r  m i l l i o n  Btu 

of d e l i v e r e d  energy, t h e  d iscounted  p r e s e n t  v a l u e  of investment  necessa ry  

and t h e  undiscounted v a l u e s  of inves tments  f o r  p o l i c y  s t u d i e s .  Also, 

from i n p u t  of t h e  p r i c e  and p r i c e  growth ra te  of conven t iona l  energy, 

t h e  model de te rmines  t h e  d iscounted  or undiscounted v a l u e s  f o r  f e d e r a l  

and state taxes, t ax  c r e d i t s ,  r o y a l t y  rates, p r o p e r t y  taxes and con- 

sumer sav ings  due t o  convers ion  from conven t iona l  energy t o  geothermal. 

C e r t a i n  l i m i t a t i o n s  of t h e  model have a l r e a d y  been suggested.  Cos ts ,  

f o r  example, may b e  overes t imated  due t o  sa fegua rds  b u i l t  i n t o  t h e  model 

t o  t ake  i n t o  account  t h e  r i s k s  a s s o c i a t e d  w i t h  geothermal  energy. This 

ove res t ima t ion  of c o s t s  might  r e s u l t  i n  t h e  e x c l u s i o n  of a p o t e n t i a l  u s e  

of geothermal energy. Another l i m i t a t i o n  is that  the price of n a t u r a l  

g a s  is  taken as the p r i c e  of c o m p e t i t i v e  Cconventional) energy,  h u t  n o t  a l l  

u s e r s  have access t o  n a t u r a l  gas. 

The o u t p u t  of t h e  model is n o t  a s u b s t i t u t e  f o r  d e t a i l e d  eng inee r ing  

des ign  s t u d i e s  b u t  i t  is  u s e f u l  for determining  order-of-magnitude c o s t s  

and p o t e n t i a l  b e n e f i t s  of geothermal  energy development. 



Appendix B 

POTEETIAL USERS OF GEOTHERXAL ENERGY I N  TUCSOS 
~~ 

Type of Development 

H o s p i t a l s  

A i r  Force Base H o s p i t a l  
Bu i ld ing  400 
Davis ?ionthan AFB 

Kino Community H o s p i t a l  
2800 E. Ajo Road 

Veterans H o s p i t a l  
3601 S. 6 t h  Avenue 

High Schools  

San ta  Rita High School 
3951 S. Pantano Raod 

Pueblo High School 
3500 S. 1 2 t h  Avenue 

Sunnyside High School 
1725 E. B i lby  Road 

Shopping Cen te r s  

Ajo Way & S. 1 2 t h  Avenue 
W. A j o  Way & S. 1 2 t h  Avenue 

Grant P l a z a  South 
s. Nogales fiwy. & E. Drexel Road 

Sou t h g a t  e 
Interstate 10  & S. 6 t h  Avenue 

I r v i n g t o n  Plaza 
E. I r v i n g t o n  Road ti S. Campbell Avenue 

K-Flar t on Valenc ia  
I n t e r s t a t e  1 9  & W. Valencia  3oad 
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Appendix B (continued) 

P o t e n t i a l  Users of Geothermal Energy i n  Tucson 

Type of Development 

Shopping Centers (continued) 

Mission Manor 
W. Valencia Road & S. 1 2 t h  Avenue 

San Xavier P laza  
W. Ajo Way & S. Mission Road 

Major I n d u s t r i a l  Parks 

Broadbent Business  C e n t e r  
S. Pa lo  Verde & Veterans 

Caylor Business  & I n d u s t r i a l  Center 
44th  S t r e e t  & Dodge Blvd. 

Edelbrock I n d u s t r i a l  Pa rk  
S. Park  Avenue & Evans Blvd. 

Park  Avenue I n d u s t r i a l  C e n t e r  
4690 S. Park  Avenue 

Tucson Business  Park 
Park Avenue & Ajo Way 

Tucson I n d u s t r i a l  Center 
I r v i n g t o n  Road & S. 3rd Avenue 

Sapago-Tucson Foreign Trade Zone No, 48 
Los R e a l e s  Road & Old Nogales HkTy. 

San Xavier I n d u s t r i a l  Park  
Los R e a l e s  Road & Old Nogales Hwy. 

Santa  Cruz 
W e s t  of Interstate 19 between 

I r v i n g t o n  & Valencia Roads 

Tucson Avia t ion  C e n t e r  
7 0 0 0  S. Nogales Hwy. 

Tucson I n t e r n a t i o n a l  A i rpo r t  I n d u s t r i a l  Park 
7777 S.  Nogales Hwy. 

Val ley I n d u s t r i a l  Pa rk  No. 1 
Country Club Road & Valencia  Road 
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Appendix B (continued) 

Potential Users of Geothermal Energy in Tucson 

Type of Development 

A i r  Force Bases 

Davis Monthan Air Force Base 

Industry 

IBM 
Interstate 10 & Rita Road 

Hughes Aircraft 
Nogales IIwy. 

Newspapers 

Arizona Daily Star/Tucson Citizen 
4850 S. Park 

Airports 

Tucson International Airport 
Valencia Road 
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