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ABSTRACT 

The Cochise/Santa  Cruz Counties  Area Development P lan  eva lua ted  the 

r e g i o n a l  market p o t e n t i a l  f o r  u t i l i z i n g  geothermal  energy.  The s t u d y  

i d e n t i f i e d  t h r e e  p o t e n t i a l  geothermal  r e s o u r c e  areas w i t h  p o t e n t i a l  for  

r e source  tempera tures  less than  90°C (194'F). Geothermal r e s o u r c e s  are 

found t o  occur  n e a r  t h e  towns of Wil lcox ,  San Simon and Bowie. P o p u l a t i o n  

growth rates are expected t o  average  t h r e e  p e r c e n t  p e r  yea r  over t h e  n e x t  

30 y e a r s  i n  Wil lcox;  Bowie and San Simon are expected t o  grow much s lower .  

Regional  employment is based on a g r i c u l t u r e  and copper mining,  though 

f u t u r e  growth i n  t r a d e ,  services and i n t e r n a t i o n a l  t r a d e  i s  expected.  A 

r e g i o n a l  energy-use a n a l y s i s  i s  a l s o  inc luded .  Urban u s e ,  copper mining 

and a g r i c u l t u r e  are t h e  p r i n c i p a l  water u s e r s  i n  t h e  r eg ion  and s u b s t a n t i a l  

r e d u c t i o n s  i n  w a t e r  u s e  are a n t i c i p a t e d  i n  t h e  f u t u r e .  
I 

The development p l an  a l s o  c o n t a i n s  a s e c t i o n  i d e n t i f y i n g  p o t e n t i a l  
I 

]geo the rma l  energy u s e r s  i n  t h e  r eg ion .  

' p r o j e c t i o n s  sugges t  t h a t  by t h e  y e a r  2000, geothermal  energy might econo- 

Geothermal energy u t i l i z a t i o n  

i 
m i c a l l y  p rov ide  t h e  energy e q u i v a l e n t  of 3,250,000 b a r r e l s  of o i l  p e r  

yea r  t o  t h e  i n d u s t r i a l  s e c t o r .  I n  a d d i t i o n ,  geothermal  energy u t i l i z a t i o n  

might h e l p  s t i m u l a t e  an a g r i c u l t u r a l  and l i v e s t o c k  p rocess ing  i n d u s t r y .  

The u t i l i z a t i o n  of geothermal  energy  for c o o l i n g  systems is  of 

v i t a l  i n t e re s t ,  because Arizona consumes n e a r l y  50 p e r c e n t  more elect-  

r i c i t y  d u r i n g  t h e  peak summer season due t o  e l e c t r i c a l - d r i v e n  a i r  

c o n d i t i o n i n g  u n i t s .  Geothermal-assis ted h e a t  pumps were shown t o  be 
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economical  f o r  n e a r l y  a l l  areas of Arizona. F u r t h e r ,  t h e  n e c e s s a r y  

low-temperature geothermal  r e s o u r c e  is  wide ly  a v a i l a b l e ,  based OR t h e  

known 3,000 the rma l  w e l l s .  Geothermal-driven a b s o r p t i o n  sys tems (wi th  

a r e s o u r c e  above 105 C) is a second way t o  r educe  e l ec t r i ca l  ene rgy ,  

and some areas of Arizona are b e l i e v e d  t o  have such  geothermal  r e s o u r c e s  

a t  economical dep ths .  

0 

Appendices t o  t h e  r e p o r t  i n c l u d e  s t a t e  l e g i s l a t i v e  update  i n c l u d i n g  

agency c o n t a c t s  and a b ib l iog raphy  of r e l a t e d  material. 
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INTRODUCTION 

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

a b i l i t y  of t r a d i t i o n a l  energy r e sources  con t inues  t o  d iminish .  Arizona i s  

be l i eved  t o  have geothermal  r e sources  which p o t e n t i a l l y  could supplement t h e  

e x i s t i n g  energy s u p p l i e s .  Consequently,  p lanning  e f f o r t s  have concen t r a t ed  

on e s t i m a t i n g  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.  

The S ta t e  of Arizona w a s  d iv ided  i n t o  l o c a l  areas, i n  o r d e r  t o  pre-  

pare "Geothermal Development P lans"  (GDP) f o r  each area. It was l o g i c a l  and 

convenient  t o  fo l low count ry  l i n e s ,  such t h a t  fou r  geothermal  development 

p l ans  w e r e  f o r  one county each,  namely, f o r  Maricopa, Pima, P i n a l  and Yuma 

c o u n t i e s .  The o t h e r  t h r e e  geothermal  development p l a n s  c o n s i s t  of one o r  

more c o u n t i e s  on a r e g i o n a l  b a s i s .  Although most of t h e  work h e r e i n  i s  based 

on 1979 d a t a ,  c e r t a i n  i t e m s  have been updated t o  1981. This  is  e s p e c i a l l y  

t r u e  f o r  t h e  geothermal  r e s o u r c e  informat ion ,  a l though i t  must be noted t h a t  

t h e r e  are few proven geothermal  r e sources  -- t h e r e  a r e  no commercial wells 

and only  fou r  developmental  w e l l s  i n  the S t a t e  of Arizona. 

Geothermal development p l a n s  were prepared  f o r  seven d i s t i n c t  

i n t r a s t a t e  s u b d i v i s i o n s .  Geothermal resource p rospec t s  and t h e  p o t e n t i a l  

geothermal  uses  f o r  each area are d i scussed  i n  s e p a r a t e  Geothermal Development 

P l a n s  (GDPs). 

r e l e v a n t  t o  t h e  p r o s p e c t i v e  development and commerc ia l iza t ion  of geothermal  

energy f o r  t h e  s p e c i f i e d  areas. 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  r e sources  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. 

The major  o b j e c t i v e  of t h e  GDP i s  t o  2rovide  i n f o m a t i o n  

1 
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Arizona h a s  been d i v i d e d  i n t o  seven d i s t i n c t  s i n g l e  o r  mul t icounty  

s u b d i v i s i o n s  f o r  which Geothermal Developinent P l a n s  (GDPs) f o r  geothermal  

commerc ia l iza t ion  have been developed. A map of Arizona presented  i n  

F i g u r e  1 shows t h e s e  areas which are numbered i n  o r d e r  of planning p r i o r i t y .  

T h i s  GDP is  concerned w i t h  Cochise and S a n t a  Cruz c o u n t i e s .  Both 

metric and E n g l i s h  u n i t s  are provided i n  t h e  text.  However, on ly  metric 

u n i t s  appear  i n  t h e  t a b l e s  and f i g u r e s .  For convenience,  some common 

convers ion  f a c t o r s  are l i s t e d  i n  Table  1. In t h i s  r e p o r t ,  one m i l l i o n  Btu = ElBtu. 

TABLE 1: SOME COMMON CONVERSION FACTORS 

Length and Volume Conversions: 

To Convert: Mu1 t i p l y  By : To Obtain:  

meters 3.281 f e e t  

k i l o m e t e r s  0.6214 m i l e s  

c u b i c  k i l o m e t e r s  0.2399 c u b i c  m i l e s  

l i t e r s  0.2642 g a l l o n s  

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

GEOTHERXAL RESOURCES 

General  Informat ion  

Cochise and S a n t a  Cruz Counties  l i e  e n t i r e l y  w i t h i n  t h e  b a s i n  and 

range  phys iographic  province  which is  c h a r a c t e r i z e d  by numerous mountain 

ranges r i s i n g  a b r u p t l y  from broad v a l l e y s .  Three areas b e l i e v e d  t o  s t o r e  

thermal  water a t  d e F t 1 : s  of less t h a n  1200 m (3,937 f t )  have been i d e n t i f i e d  

w i t h i n  t h e  county. Cochise and Santa  Cruz Counties  are shown i n  F i g u r e  2 

and l a b e l e d  a r e a s  i d e n t i f y  t h e  suspec ted  r e s o u r c e  areas. 

2 



e PRIORITIES 

I )  h fa r i copa  
11) P i m a  

IV) P i n a l  
V )  Yuma 

V I )  C o c h i s e l S a n t a  Cruz 

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

111)  Graham/Green lee  

V I I )  N o r t h e r n  C o u n t i e s  

C O U N T Y  XUIES 

* 

e 
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1. Apache 
2 .  C o c h i s e  
5 .  Cocon ino  
4 .  G i l a  
5 .  Graham 
6 .  G r e e n l e e  
7 .  b l a r i c o p a  
8 .  Slohave 
9 .  Nava jo  

1 0 .  P i m a  
11. P i n a l  
1 2 .  S a n t a  Cruz 
1 3 .  Yavapa i  
14. Yuma 

Figure 1: Geothermal Development Plans for  Arizona 
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Figure  2:  Locat ions of P o t e n t i a l  Geothermal Resource Areas i n  Cochise and 
Santa Cruz Counties  
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To d a t e ,  most of t h e  areas h i g h l i g h t e d  i n  F igu re  2 remain r e l a t i v e l y  

unexplored f o r  geothermal resources .  The t h r e e  areas p resen ted  on t h e  map 

w e r e  i d e n t i f i e d  as probable  areas based  on w a t e r  w e l l  da t a .  

has  been explored  i n  a p re l imina ry  manner by t h e  Arizona Bureau of Geology and 

Minera l  Technology - Geothermal Group. Genera l  r e s u l t s  f o r  t h e  i n v e s t i -  

ga t ed  areas are p resen ted  w i t h i n  t h i s  chap te r .  

Each area 

Based on s t u d i e s  conducted i n  t h e  b a s i n  and range  p rov ince ,  c e r t a i n  

g e n e r a l  c h a r a c t e r i s t i c s  have been i d e n t i f i e d  t h a t  h e l p  r ecogn ize  low t e m -  

p e r a t u r e  geothermal occurrences .  F i r s t ,  USGS d e f i n e s  a p o s s i b l e  geothermal 

r e s o u r c e  area as having  water tempera tures  10 C (18 F) g r e a t e r  t han  t h e  

mean annua l  a i r  tempera ture  and tempera ture  g r a d i e n t s  ( i . e .  t empera ture  

changes w i t h  depth)  g r e a t e r  t han  25OC/krn (1.4'F/100 f t ) .  

i d e n t i f i e d  on t h e  map (F igu re  2) meet t h e s e  c r i t e r i a .  Second, i n  Nevada, 

Utah and Arizona major range  bounding f a u l t s  act  as condu i t s  f o r  warm t o  h o t  

water t o  rise from depth toward t h e  s u r f a c e .  The h e a t  s o u r c e  can b e  e i t h e r  

sha l low magmatic i n t r u s i o n  o r  deep c i r c u l a t i o n  i n  a normal tempera ture  gra- 

d i e n t  regime. Such h e a t  s o u r c e s  do n o t  u s u a l l y  produce t h e  h igh  tempera- 

0 0 

Each of t h e  areas 

t u r e s  t h a t  r e s u l t  from a magmatic h e a t  source .  However, v a l l e y s  i n  south- 

ern Arizona are basin-range grabens bound by deep f a u l t s .  Thus, low t e m -  

p e r a t u r e  (<90°C, 194 F) geothermal r e s o u r c e s  might reasonably  be  expec ted  
0 

t o  occur  i n  most deep b a s i n s .  

A s ta te  geothermal map compiled by t h e  Arizona Bureau of Geology and 

Minera l  Technology - Geothermal Group and pub l i shed  by t h e  Na t iona l  Ocean- 

og raph ic  and Atmospheric Admin i s t r a t ion  p rov ides  a complete and updated 

l i s t i n g  of d a t a  concerning thermal  w e l l  and s p r i n g  l o c a t i o n s  as w e l l  as 

tempera ture  and depth estimates, flow rates and t o t a l  d i s s o l v e d  s o l i d s .  

5 
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T h i s  map can b e  obta ined  f r e e  of  charge  i n  J u l y ,  1982 by w r i t i n g  t o  t h e  

Arizona Bureau of Geology, 845 N. Park Avenue, Tucson, Arizona 85719. 

Summary of Cochise and S a n t a  Cruz Counties  

Over a f i v e  y e a r  p e r i o d ,  g e o l o g i s t s  from t h e  Arizona Bureau of Geology 

and Mineral  Technology have performed p r e l i m i n a r y  geothermal  r e s o u r c e  ex- 

p l o r a t i o n  S n  and assessment of a number of  l o c a t i o n s  around Arizona. 

Though t h e  work performed w a s  p r e l i m i n a r y ,  a synops is  of r e s o u r c e  s t u d y  

areas and r e s u l t s  is  inc luded  i n  t h i s  s e c t i o n ,  Three s p e c i f i c  areas with- 

i n  Cochise and Santa  Cruz Counties are summarized i n  o r d e r  t o  g i v e  t h e  

r e a d e r  some i n d i c a t i o n  of r e s o u r c e  l o c a t i o n s ,  work performed and p o t e n t i a l  

r e s o u r c e  q u a l i t y .  The r e a d e r  i s  r e f e r r e d  t o  t h e  r e f e r e n c e  s e c t i o n  of  t h i s  

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

San Simon Area 

The San Simon area l ies  a s t r i d e  I n t e r s t a t e  10 i n  t h e  s o u t h e r n  S a f f o r d  - 
San Simon Basin.  P r i o r  t o  e x t e n s i v e  ground w a t e r  wi thdrawal  and a t t e n d a n t  

water t a b l e  lowering,  t h e  area had numerous thermal  a r t e s i a n  w e l l s  (>3Ooc) used 

f o r  i r r i g a t i n g  crops.  Because t h e  upper s t a t i c  w a t e r  t a b l e  was r e l a t i v e l y  

deep and t h e  means f o r  pumping from t h i s  a q u i f e r  w a s  n o t  f e a s i b l e  d u r i n g  

t h e  e a r l y  19OOs, deep w e l l s  were d r i l l e d  t o  t a p  an a r t e s i a n  a q u i f e r ,  

which was d iscovered  by Southern P a c i f i c  Rai l road .  

Geothermal p o t e n t i a l  a t  depths  g r e a t e r  t h a n  1 km (3,281 f t )  i n  t h e  

San Simon area may b e  good. I n  1938, a deep o i l  and gas  tes t ,  t h e  Funk 

Benevolent 1 Fee, was completed t o  2,032 m (6,667 f t ) .  I n  a 1940 memo- 

randum, E. D. Wilson o f  t h e  Arizona Bureau of Nines gave a n  account  of a 

v i s i t  t o  t h i s  well s i t e  where h e  was t o l d  t h a t  L34OC (273'F) w a t e r  was 

6 



e 

Q 

8 

8 

encountered i n  t h e  lower 100 m (328 f t )  of t h e  hole .  I f  t h i s  temperature  

a c c u r a t e l y  d e s c r i b e s  bottom-hole c o n d i t i o n s ,  t h e  e s t i m a t e d  tempera ture  

g r a d i e n t  is  57'C/km (3 .  1°F/lOO f t )  . 
t h e  46'C/km (2.5'F/100 f t )  average  g r a d i e n t  e s t i m a t e d  u s i n g  s h a l l o w  

(<300 m, 984 f t )  w e l l  da ta .  The San Simon area, t h e r e f o r e ,  may have good 

p o t e n t i a l  f o r  1 t o  2.5km (3,280 t o  8,200 f t )  geothermal  r e s o u r c e s  between 

100°C (212'F) and 14OoC (284'F). 

This  tempera ture  g r a d i e n t  i s  above 

Most thermal  waters encountered i n  a r t e s i a n  w e l l s  a r e  of a sodium b i c a r -  

bonate  composition. I n  t h e  n o r t h e r n  p o r t i o n  o f  t h e  San Simon area, sodium 

c h l o r i d e  - s u l f a t e  b e a r i n g  water w i t h  t o t a l  d i s s o l v e d  s o l i d s  up t o  5,400 mg/ l  

i s  encountered.  F l u o r i d e  and boron c o n t e n t s  are a l s o  e x c e p t i o n a l l y  h i g h ,  w i t h  

f l o u r i d e  c o n c e n t r a t i o n s  o v e r  25 mg/l. 

Bowie Area 

0 
A t  l e a s t  20 i r r i g a t i o n  w e l l s  i n  t h e  area sur rounding  Bowie produce 30 C 

(86OF) t o  37OC (98.6'F) water from d e p t h s  of  183 m (600 f t )  t o  610 m ( 2 , 0 0 0  

f t ) .  

s o l v e d  s o l i d s  range most ly  between 250 mg/l and 500 mg/l. 

c e n t r a t i o n s  are g e n e r a l l y  less t h a n  3.0 m g / l ,  a l though a few w e l l s  produce 

water w i t h  f l u o r i d e  over  7.0 mg/l. 

Chemical q u a l i t y  o f  t h e  thermal  water i s  g e n e r a l l y  good. T o t a l  d i s -  

F l u o r i d e  con- 

Several wells i n  t h i s  area, producing sodium b i c a r b o n a t e  water 

w i t h  low magnesium, h igh  sodium-potassium-calcium geothermometers, and a n  

apparent  s t r u c t u r a l  i n t e r s e c t i o n  s u p p o r t  t h e  h y p o t h e s i s  t h a t  a deep (>2  km, 

6,562 f t )  moderate tempera ture  geothermal  r e s e r v o i r  ( < 1 2 4 O C ,  255'F) occurs  

s o u t h  of  Bowie. The most anomalous well has  a d i s c h a r g e  temperature  of 

35OC (95'F) from a depth of  145 m (476 f t )  and a n  e s t i m a t e d  average t e m -  

p e r a t u r e  g r a d i e n t  of  12h°C/km (6.8'F/100 f t )  All o t h e r  wells i n  t h e  area 
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have e s t i m a t e d  tempera ture  g r a d i e n t s  between 30°C/km (1.6'F/100 f t )  and 

80°C/km (4.4'F/100 f t )  and a mean tempera ture  g r a d i e n t  of  49OC/km (3.7'F/ 

100 f t ) .  

Wil lcox Area 

0 
T w e l v e  water  w e l l s  i n  t h e  Willcox b a s i n  produce 31°C (88 F) t o  54OC 

(129'F) thermal  w a t e r  from depth  of 214 m (702 f t )  t o  832 m (2,730 f t ) .  

The warmest w e l l  produces 54OC (129'F) water from a depth  of 445 m (1,460 

f t ) .  Three areas n o r t h  and northwest  of t h e  town of Wil lcox have been 

i d e n t i f i e d  as probable  geothermal  r e s o u r c e  areas'. Based on chemical  geo- 

thermometers of  s e l e c t e d  w e l l s  i n  t h e  Wil lcox b a s i n ,  t empera tures  of 70 C 

(158'F) are  probable  a t  depths  of less t h a n  1 km (3,281 f t )  w i t h i n  t h e  

0 

t h r e e  areas.  A d d i t i o n a l l y ,  one deep w e l l  d r i l l e d  t o  2,028 m (6,654 f t ) ,  

bu t  o u t s i d e  of  t h e  t h r e e  areas, encountered a bottom h o l e  tempera ture  of 87 C 

(189'F). 

0 

The e s t i m a t e d  temperature  g r a d i e n t  w a s  35OC/km (1.9F/100 f t )  . 
The average  e s t i m a t e d  temperature  g r a d i e n t  f o r  w e l l s  w i t h i n  t h e  t h r e e  areas 

i s  74OC/km (4.0°F/100 f t . )  

Chemically,  two t y p e s  of thermal  water are  encountered i n  t h e  Wil lcox 

b a s i n ;  sodium-choride-bicarbonate w a t e r  and sodium-bicarbonate-sulfate  

water. T o t a l  d i s s o l v e d  s o l i d s  range  from 267 mg/1 t o  1370 mg/l. 

e r a l ,  water q u a l i t y  improves s i g n i f i c a n t l y  i n  t h e  deeper  w e l l s  which is  

e s p e c i a l l y  apparent  from w e l l s  d r i l l e d  deeper  t h a n  460 m (1,500 f t ) .  It  

i s  s p e c t u l a t e d  t h a t  t h i s  unusual  t rend  i s  due t o  sa l ts  from t h e  Wil lcox P l a y a .  

I n  gen- 

ECONONY 

Popula t ion  

The 1980 combined popula t ion  of Cochise and Santa  Cruz c o u n t i e s  w a s  

107,176. The t o t a l  l and  area of 7,502 s q u a r e  m i l e s  g i v e s  t h e  two c o u n t i e s  

8 
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a p o p u l a t i o n  d e n s i t y  of 14.3 persons  p e r  s q u a r e  m i l e .  E t h n i c  breakdown 

of t h e  p o p u l a t i o n  i s  52 p e r c e n t  whi te ,  40 p e r c e n t  Hispanic ,  2 p e r c e n t  

b l a c k ,  and 0.2 p e r c e n t  Indian .  

Growth 

H i s t o r i c a l l y ,  t h e  p o p u l a t i o n  of Cochise County h a s  grown a t  an 

annual  ra te  of 3.0 p e r c e n t ;  p r o j e c t i o n s  show s t e a d y ,  cont inued growth 

( s e e  F i g u r e  3). Growth i s  expected t o  b e  c e n t e r e d  p r i n c i p a l l y  t o  t h e  s o u t h  

and w e s t  of t h e  c i t y  of Willcox, t h e  f a s t e s t  growing c i t y  i n  t h e  county.  

S a n t a  Cruz County h a s  t r a d i t i o n a l l y  exper ienced  slow growth; however, 

from 1968 t o  1978 t h e  p o p u l a t i o n  i n c r e a s e d  by 38.4 percent .  F igure  4 

shows t h a t  t h e  p o p u l a t i o n  of Santa  Cruz County i s  expected t o  c o n t i n u e  

t o  rise more r a p i d l y  than  i t  h a s  i n  t h e  p a s t .  

Major towns i n  t h e  two c o u n t i e s  and t h e i r  p r o j e c t e d  p o p u l a t i o n s  

t o  t h e  y e a r  2000 are l i s t e d  i n  Table  2. 

TAELE 2 :  M J O R  TOWNS I N  COCHISE AND SANTA CRUZ COUNTIES AND 

THEIR CURRENT AND PROJECTED POPULATIONS 

Cochise 1979 2000 

Sierra V i s t a  

Douglas 

Bisbee 

Benson 

\J i  1 1 cox 

~~~ ~ ~ ~ ~ ~~~ 

25 , 969 37,487 

19,160 13,342 

10 , 1 1 9  1 4  , 155 

4,333 6,153 

3,487 5 , 343 
~~~ ~ 

Santa  Cruz 1979 

Santa  Cruz 

Nogales 

Pa tagonia  

19,635 32,950 

14  , 646 26 , 502 

1,009 1,850 
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Figure 3: Population Projections for Cochise County. 
Source: Technical Advisory Committee (DES) 
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1;igure 4 :  P o p u l a t i o n  P r o j e c t i o n s  f o r  S m t a  C r u z  County. 
Source: Technical  Advisory Committee (DES) 
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I n d u s t r y  and Employment 

The a g r i c u l t u r a l  s e c t o r  i s  of major importance t o  t h e  Cochise County 

economy. The county,  account ing  f o r  43 p e r c e n t  of Ar i zona ' s  g r a i n  sorghum 

and 90 p e r c e n t  of i t s  co rn  product ion ,  is  t h e  primary producer of f e e d  

g r a i n  i n  t h e  state. I n  a d d i t i o n  t h e  TJillcox area produces 3 1  p e r c e n t  of 

t h e  s ta te 's  hogs and 17  percen t  of i t s  r ange  ca t t l e .  

l i v e s t o c k  rece ip ts  amounted t o  $61.5 m i l l i o n  and $35.4 m i l l i o n ,  r e s p e c t i v e l y .  

I n  1 9 7 7 ,  c rop  and 

P r e s e n t l y ,  a g r i c u l t u r e  accoun t s  f o r  on ly  f o u r  p e r c e n t  of t o t a l  employ- 

ment i n  Cochise County; no s i g n i f i c a n t  changes r e g a r d i n g  a g r i c u l t u r a l  em- 

ployment are expected over  t h e  n e x t  20 y e a r s .  However, as t h e  p o p u l a t i o n  

i n c r e a s e s ,  employment i n  t h e  t r a d e  and s e r v i c e  s e c t o r s  i s  expected t o  in-  

crease from t h e  c u r r e n t  l e v e l  of 20 pe rcen t  of t o t a l  employment t o  26 

p e r c e n t  by t h e  yea r  2000. 

Santa  Cruz County's economy is based on tour i sm and i n t e r n a t i o n a l  

t r a d e  w i t h  t h e  wholesa le  and r e t a i l  t r a d e  s e c t o r s  account ing  f o r  n e a r l y  

50 pe rcen t  of t h e  t o t a l  employment i n  t h e  county.  Although i t  i s  n o t  t h e  

c o u n t y ' s  f a s t e s t  growing c i t y ,  Nogales is t h e  most impor tan t  i n  t e r m s  of 

t r a d e .  

r a p i d l y  as t r a d e  between t h e  two c o u n t r i e s  i n c r e a s e s .  

Lying on t h e  U.S./Mexican bo rde r ,  Nogales i s  expected t o  grow 

F igure  5 g i v e s  c u r r e n t  and p r o j e c t e d  employment l e v e l s  f o r  t h e  v a r i o u s  

s e c t o r s  i n  Cochise and San ta  Cruz c o u n t i e s .  A s  shown by t h e  f i g u r e ,  t h e  

s e r v i c e  s e c t o r  and f e d e r a l  government ( c i v i l i a n )  and l o c a l  government em- 

ployment c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  economy of t h e  c o u n t i e s .  C u r r e n t l y ,  

manufac tur ing  employs cons ide rab ly  fewer people  than  do t h e  s e r v i c e  and 

government s e c t o r s ,  b u t  employment i n  manufac tur ing  i s  p r o j e c t e d  t o  more 
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t h a n  double  by t h e  year  2000. Cons t ruc t ion  employs even fewer people  

t h a n  manufactur ing and employment i n  c o n s t r u c t i o n  i s  expected t o  d e c l i n e  

a t  a n  annual  r a t e  of 0.9 percent .  

Income 

P o s i t i v e  growth t r e n d s  i n  b o t h  c o u n t i e s  are a l s o  i n d i c a t e d  by o t h e r  

economic i n d i c a t o r s .  P r o j e c t i o n s  of growth of p e r s o n a l  p e r  c a p i t a  income 

f o r  b o t h  c o u n t i e s  are  p r e s e n t e d  i n  F i g u r e  6 ;  annual  growth rates f o r  Cochise 

and S a n t a  Cruz c o u n t i e s  are 2.9 p e r c e n t  and 3.0 p e r c e n t ,  r e s p e c t i v e l y .  

These income growth f i g u r e s  are lower t h a n  t h o s e  found i n  t h e  more popu- 

l o u s  c o u n t i e s  of Maricopa and Pima. 

Other  Economic I n d i c a t o r s  

Other  i n d i c a t o r s  of t h e  h e a l t h  of t h e  economy i n c l u d e  r e t a i l  sales 

and bank d e p o s i t s .  Between 1948 and 1978, t h e  v a l u e  of r e t a i l  sales in-  

c r e a s e d  209 p e r c e n t  i n  Cochise County and 153 p e r c e n t  i n  Santa  Cruz County; 

bank d e p o s i t s  i n c r e a s e d  189 p e r c e n t  i n  Cochise County and 354 p e r c e n t  i n  

Santa  Cruz County over  t h e  ten-year per iod .  

LAND OIGJERSHIP 

F i g u r e s  7 and 8 show g e n e r a l  l and  ownership maps f o r  Cochise and 

S a n t a  Cruz c o u n t i e s ,  r e s p e c t i v e l y .  Table  3 g i v e s  a c r e a g e  breakdowns f o r  

each ownership class. A c q u i s i t i o n  of s u r f a c e  and m i n e r a l  r i g h t s  var ies  

accord ing  t o  which s e c t o r  owns t h e  land.  

ENERGY USE 

Sulphur Spr ings  Val ley  Cooperat ive,  Inc .  p r o v i d e s  e l e c t r i c i t y  t o  

Cochise County. ?Ionthly e l e c t r i c i t y  sales  d u r i n g  1979 f o r  f o u r  of t h e  

area's  l a r g e s t  u s e r s  are shown i n  F igure  9. 

a h igh  demand f o r  e l e c t r i c i t y  d u r i n g  t h e  w i n t e r  months when i t  i s  used 

R e s i d e n t i a l  consumers show 
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Figure  6 :  P r o j e c t i o n s  of Pe r sona l  P e r  Cap i t a  Income f o r  Cochise and 
Santa  Cruz Counties  (1972 D o l l a r s ) .  
Source: Department of Economic S e c u r i t y  
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Figure  7 :  General  Land Ownership Map f o r  Cochise County 
Source: Arizona Water Commission ( 1 9 7 7 )  
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Figure  9: E l e c t r i c i t y  S a l e s  f o r  Sulphur S p r i n g s  Val ley  Coopera t ive ,  Inc .  
i n  Cochise County. 
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TABLE 3 :  BREAKDOWN OF LAND OWNERSHIP I N  COCHISE ATXD SXNTA CRUZ COUSTIES 

Q 

a 

Cochise T o t a l  Santa  Cruz To t a l  
% Acres % Acres 

F e d e r a l  23 92 , 092 

S t a t e  36 1 , 4 4 1 , 4 4 0  

I n d i a n  0 

P r i v a t e  4 1  1 , 6 4 1 , 6 4 0  

T o t a l  100 4 , 0 0 4  , 000 

---- 

- 

57 4 5 4 , 3 9 0  

6 4 7 , 8 3 0  

0 --- 
37 3 9 4 , 8 9 0  

100 797 , 000 
- 

f o r  space  n e a t i n g .  A h igh  demand f o r  e l e c t r i c i t y  o c c u r s  a g a i n  i n  t h e  

summer months when i t  i s  used f o r  i r r i g a t i o n  and space  cool ing .  

C i t i z e n s  U t i l i t i e s  provides  e l e c t r i c i t y  t o  Santa  Cruz County. Yonthly 

e l e c t r i c i t y  sales d u r i n g  1979 f o r  f o u r  of t h e  area's  l a r g e s t  u s e r s  a r e  

i n  F i g u r e  10. Again, r e s i d e n t i a l  consumers show high  demand f o r  e l e c t r i c i t y  

i n  t h e  w i n t e r  months and i n  t h e  summer months when i t  i s  needed f o r  space  

h e a t i n g  and space  cool ing ,  r e s p e c t i v e l y .  T h i s  p a t t e r n  of e l e c t r i c i t y  use  

by t h e  r e s i d e n t i a l  s e c t o r  is n o t  t y p i c a l  f o r  c i t i e s  such a s  Phoenix o r  

Tucson. For t h e s e  c i t i e s ,  t h e  u s e  of e l e c t r i c i t y  i s  h i g h e s t  i n  t h e  summer 

months when i t  is  used f o r  space  cool ing.  Demand f o r  e l e c t r i c i t y  i s  lowest  

i n  t h e  w i n t e r  months s ince n a t u r a l  g a s  i s  used t o  h e a t  t h e  homes. 

s'no1.n 

The Town of Benson, t h e  Willcox C i t y  Government and Arizona P u b l i c  

Service Company are  among t h e  several u t i l i t y  companies t h a t  supply n a t u r a l  

gas  t o  Cochise County. N a t u r a l  g a s  is  used d u r i n g  t h e  w i n t e r  months f o r  space  

h e a t i n g  and i s  used year-round t o  h e a t  water. F igure  11 p r e s e n t s  t h e  

es t imated  monthly n a t u r a l  g a s  sales f o r  1979 f o r  bo th  t h e  T o m  of Benson and 

t h e  GJillcox C i t y  Government. For t h e  r e s i d e n t i a l  s e c t o r ,  bo th  u t i l i t y  con- 

p a n i e s  show a peak i n  gas  sales dur ing  t h e  w i n t e r  months w i t h  usage droppins  

o f f  r a p i d l y  i n  t h e  s p r i n g .  
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Figure  10: E l e c t r i c i t y  S a l e s  f o r  C i t i z e n s  U t i l i t i e s  Company i:, 
Santa  Cruz County. 
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Figure  11: Estimated FIonthly N a t u r a l  Gas Sales i n  Cochise County by t h e  
Town of Benson and Wil lcox C i t y  Government, 1979.  
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WATER 

Water d e p l e t i o n  i n  Arizona i s  s e r i o u s ,  because i t  i s  pumping ground- 

w a t e r  f a s t e r  than i t  i s  c o l l e c t i n g  s u r f a c e  water and ob ta in ing  Colorado 

River  w a t e r .  Geothermal b r i n e s  can b e  used f o r  power p l a n t s  needs ,  copper 

f l o t a t i o n  and l each ing ,  c e r t a i n  i r r i g a t i o n  waters,  and p o s s i b l y  h e a t i n g  

and coo l ing  a p p l i c a t i o n s .  A l t e r n a t i v e  f u t u r e s  f o r  w a t e r  u se  i n  Cochise 

and San ta  Cruz c o u n t i e s ,  r e s p e c t i v e l y ,  are shown i n  F igu res  1 2  and 13.  
. The u t i l i z a t i o n  of geothermal  energy  f o r  coo l ing  systems is of 

v i t a l  i n t e r e s t ,  because Arizona consumes n e a r l y  50 p e r c e n t  more elect- 

r i c i t y  d u r i n g  t h e  peak summer season  due t o  e l e c t r i c a l - d r i v e n  a i r  

c o n d i t i o n i n g  u n i t s .  Geothermal-assis ted h e a t  pumps were shown t o  be  

economical  f o r  n e a r l y  a l l  areas of Arizona,  and are more r e l i a b l e  

t h a n  a i r - t o - a i r  h e a t  pumps. F u r t h e r ,  t h e  necessa ry  low-temperature  

geothermal  r e s o u r c e  i n  t h e  necessa ry  narrow range  of 15.5 - 26.6 C 

(60 - 80'F) is wide ly  a v a i l a b l e ,  based on t h e  known 3,000 the rma l  

wells o u t  of a t o t a l  of about  30,000 i r r i g a t i o n  w e l l s .  Geothermal- 

d r i v e n  a b s o r p t i o n  systems i s  a second way t o  r educe  e l e c t r i c a l  ene rgy ,  

b u t  r e q u i r e s  a geothermal  r e s o u r c e  above 105OC (220'F) i n  o r d e r  t o  

o p e r a t e  a t  a r easonab le  e f f i c i e n c y  and c a p a c i t y .  Some areas of Arizona 

are b e l i e v e d  t o  have such  geothermal  r e s o u r c e s  a t  economical  d e p t h s ,  

e s p e c i a l l y  i f  one u s e s  t h e  geothermal  energy  c o n t e n t  of t h e  a b s o r p t i o n  

e f f l u e n t  i n  a cascade  system. 

r e p o r t  on coo l ing  systems i n  Arizona,  p repa red  as p a r t  of t h i s  p r o j e c t .  

0 

More d e t a i l s  are g i v e n  i n  t h e  s p e c i f i c  

I'IATCHIXG GEOTHEFWAL RESOURCES TO POTENTIAL USERS 

Work performed i n  con junc t ion  wi th  t h e  New Mexico Energy I n s t i t u t e  

(N>IEI) modeled geothermal energy on l i n e  as a f u n c t i o n  of time over  t h e  

nex t  f o r t y  years. 

F igure  14 p r e s e n t s  energy on l i n e  assuming a city-owned u t i l i t y  developed 

the  r e source ;  Figure 15 p r e s e n t s  energy on l i n e  assumino, p r i v a t e  

This  model i s  d iscussed  more f u l l y  i n  -1ppendix A. 
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Figure 12: Projected Alternatives for Water U s e  in Cochise County. 
Source: Arizona Water Commission (1977) 
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Source: Arizona Water Commission (1977)  
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development. The d i f f e r e n c e  between t h e  two cases i s  a t t r i b u t e d  t o  

d i f f e r i n g  c o s t s  of c a p i t a l .  

R e s u l t s  from F i g u r e s  14  and 1 5  can b e  summarized as fo l lows .  Under 

p r i v a t e  development, geothermal energy would come on l i n e  i n  1984 and 

would climb r a p i d l y  u n t i l  2005. Under a city-owned u t i l i t y ,  geothermal  

energy would a l s o  come on l i n e  by 1984 and would climb r a p i d l y  u n t i l  2006. 

Table  4 r e p o r t s  t h e  r e s u l t s  of t h e  modeling i n  summary form i n  t e r m s  

of b a r r e l s  of o i l  rep laced  by geothermal  energy annual ly .  The t a b l e  shows 

t h a t  i n  1985, n e a r l y  twice as much geothermal  energy would be  on l i n e  

under a c i t y  u t i l i t y  t h a n  under p r i v a t e  development. A f t e r  1990, t h e  amounts 

of geothermal  energy on l i n e  would be about  t h e  same under both  t y p e s  of 

development. 

TABLE 4: BARRELS OF OIL REPLACED BY GEOTHERMAL ENERGY PER YEAR 

Process  Heat Market 
Cochise and Santa  Cruz Count ies  

1990 2000 2020 - 1985 - 
P r i v a t e  Developer 1,216,071 2,696,428 3 , 250,000 3,785,714 

C i t y  U t i l i t y  2,553,571 2,839,286 3,303 , 5 7 1  3,803 , 57 1 

S i m i l a r  modeling w a s  performed f o r  t h e  r e s i d e n t i a l  and commercial 

space  h e a t i n g  markets ;  however, t h e s e  r e s u l t s  have been omi t ted  s i n c e  i t  i s  

be l ieved  t h a t  space  h e a t i n g  wi thout  t h e  c a p a b i l i t y  f o r  space  c o o l i n g  is  

n o t  economically j u s t i f i a b l e  ( s e e  r e p o r t  on geothermal  cool ing  sys tems) .  

Several i n d u s t r i e s  i n  Santa  Cruz County may be a b l e  t o  u s e  geothermal  

energy f o r  t h e i r  space  h e a t i n g  and/or  p r o c e s s  h e a t  needs.  These i n d u s t r i e s  

2 7  
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l o c a t e d  i n  Nogales,  i n c l u d e  Chamberlain Manufacturing Corp., Char les  E. 

Gillman Company, I r v i n e  I n d u s t r i e s ,  I n c o r p o r a t e d ,  P i c k e t t  I n d u s t r i e s ,  

P r e s t i n i  X u s i c a l  Ins t ruments  Corporat ion and Roper Chain Saw Div is ion .  

Agr ibus iness  and a g r i c u l t u r a l  i n d u s t r i e s  i n  Cochise  County were 

i d e n t i f i e d .  Most a g r i c u l t u r a l  p r o c e s s i n g  i s  c o n c e n t r a t e d  i n  corn  and 

sorghum; however, l i v e s t o c k  process ing  i s  a l s o  impor tan t  t o  t h e  county ' s  

economy. C u r r e n t l y ,  many of t h e  a g r i c u l t u r a l  p roducts  are expor ted  t o  

C a l i f o r n i a  f o r  process ing .  Geothermal energy might s t i m u l a t e  a l o c a l  

i n d u s t r y  by provid ing  a low-cost  energy s o u r c e  s u i t a b l e  f o r  a g r i c u l t u r a l  

and l i v e s t o c k  process ing .  

e 
2 8  
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APPENDIX A 

The New Plexico Energy Institute at New Mexico State University has 

developed a computer simulation model, BTHERM, 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 con- 

ventional 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 

certain risks such as price and reservoir life and the need for back-up 

systems. An analysis of the costs and economic competitiveness of geo- 

thermal energy must take these uncertainties into account. Thus, costs 

may be overestimated so that the benefits will not be overstated. 

Unlike natural gas and 

BTHERN models the residential, commercial and industrial sectors of 

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

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

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

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

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

both private and city-owned utility development of the geothermal resource. 

8 

29 



a 

e 

e 

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  p e 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  n e c e s s a r y  

and t h e  undiscounted v a l u e s  of investments  f o r  p o l i c y  s t u d i e s .  A l so ,  from 

i n p u t  of t h e  p r i c e  and p r i c e  growth rate of convent iona l  energy,  t h e  model 

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

t a x e s ,  t a x  c r e d i t s ,  r o y a l t y  ra tes ,  p r o p e r t y  t a x e s  and consumer s a v i n g s  

due t o  convers ion  from convent 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 be  overes t imated  due t o  s a f e g u a r d s  b u i l t  i n t o  t h e  model 

t o  t a k e  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. T h i s  

o v e r e s t i m a t i o n  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  i s  t h a t  t h e  p r i c e  of n a t u r a l  g a s  

is  taken  as t h e  p r i c e  of c o m p e t i t i v e  (convent iona l )  energy,  b 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 i s  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  e n g i n e e r i n g  

d e s i g n  s t u d i e s  b u t  i t  is  u s e f u l  f o r  determing 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. 

Q 
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APPENDIX B 

STATE LEGISLATIVE UPDATE AND AGENCY CONTACTS 

I n  1979, an Arizona Geothermal I n s t i t u t i o n a l  Handbook w a s  p r e p a r e d  

which o u t l i n e d  a l l  of t h e  s ta te  agenc ie s  invo lved  i n  geothermal  energy  

development, p rocedures  and r e g u l a t i o n s  promulgated by t h e s e  a g e n c i e s  and 

geothermal  l e g i s l a t i o n  as of 1979. S ince  1979, several changes i n  agency 

heads and l e g i s l a t i o n  have occurred.  The fo l lowing  appendix serves as an 

update  f o r  l e g i s l a t i v e  and agency pe r sonne l  changes.  

The most s i g n i f i c a n t  l e g i s l a t i v e  change i s  pending approval  i n  t h e  

Arizona l e g i s l a t u r e  as o f  March, 1982. I n  g e n e r a l ,  i f  pas sed ,  t h e  l e g i -  

s l a t i o n  would modify t h e  c u r r e n t  geothermal  exemption from t h e  groundwater 

l a w s  of Arizona. As proposed,  t h e  O i l  and G a s  Conserva t ion  Commission 

would b e  r e s p o n s i b l e  f o r  i s s u i n g  geothermal  d r i l l i n g  pe rmi t s  and f o r  de- 

t e rmin ing  whether  a r e s o u r c e  is geothermal  energy. 

geothermal ,  p robably  based  on a u s e  and t empera tu re  cr i ter ia ,  t h e  Depart-  

ment of Water Resources would i s s u e  a geothermal  e f f l u e n t  pe rmi t ,  which 

w i l l  r e g u l a t e  t h e  use of  t h e  geothermal  f l u i d  once t h e  h e a t  h a s  been  ex- 

t r a c t e d .  

t o  b e  a l l o c a t e d ,  acqu i r ed ,  used o r  d i sposed  of i n  a manner c o n s i s t e n t  w i t h  

t h e  groundwater l a w s  of t h e  state. 

geothermal  f l u i d  should  c o n t a c t  t h e  Department of Water Resources f o r  

s p e c i f i c  permi t  a p p l i c a t i o n s ,  r e g u l a t i o n s  and r e p o r t i n g  requi rements  a f t e r  

March, 1982. 

Once d e s i g n a t e d  as 

The l e g i s l a t i o n  r ecogn izes  geothermal  e f f l u e n t  as groundwater  

Developers  i n t e r e s t e d  i n  producing  

The fo l lowing  s e c t i o n  lists t h e  p r i n c i p a l  s t a t e  agenc ie s  l i k e l y  t o  be  

involved  i n  geothermal  development i n  t h e  f u t u r e .  

of a p r e v i o u s l y  publ i shed  l i s t  and is  c u r r e n t  as of J u l y ,  1982.  

The l i s t  i s  an update  
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Admin i s t r a t ive  Agencies 

1 )  Arizona S t a t e  Land Department, 1624 West Adam, Phoenix,  AZ 85007 

H a l  S u s i e  - Manager of Minera ls  and Energy (602) 255-4628 

The State  Land Department leases s t a t e  l a n d s  f o r  geothermal  purposes .  

2) O i l  and G a s  Conservat ion Commission, 1645 West J e f f e r s o n ,  Su2te  420, 

Phoenix,  A2 85007. 

A. K. Doss - Execut ive D i r e c t o r  (.602) 255-5161. 

The O i l  & Gas Conservat ion C o d s s 3 o n  i s s u e s  d r i l l i n g  and i n j e c t i o n  

pe rmi t s  f o r  geothermal  d r i l l i n g .  

3)  Department of Water Resources ,  99 E. V i r g i n i a  S t r e e t ,  Phoenix,  AZ 85007 

Wesley E. S t e i n e r  - D i r e c t o r  (602) 255-1550. 

The Department of Water Resources manages t h e  s ta te 's  w a t e r  r e s o u r c e s  

and i s s u e s  geothermal  e f f l u e n t  pe rmi t s  ( t e n t a t i v e ) .  

4) Department of Heal th  Services, 1740 West Adam, Phoenix,  AZ 85007 

Ar thur  A. Aymar - D i r e c t o r  of Air Q u a l i t y  Con t ro l  (602) 255-1140 

D r .  Ron Nil ler  - D i r e c t o r  of Water Q u a l i t y  Con t ro l  (602) 255-1252 

The Department of Heal th  S e r v i c e s  i s s u e s  environmental  pe rmi t s  f o r  

geothermal  development. 

5) Arizona Department of  T ranspor t a t ion ,  206 South 17th  Avenue, Phoenix,  

AZ 85007 . 
Juan  Piar t in  - D i r e c t o r  of Motor Vehic les  D i v i s i o n  (602) 261-7426 

The Department of T r a n s p o r t a t i o n  i s s u e s  encroachment and o v e r s i z e d  

v e h i c l e  permi ts .  

32 



: @  

a 

8 

Q 

6 )  Power P l a n t  and Transmission Line  S i t i n g  Committee, Arizona Attorney 

Genera l ' s  O f f i c e ,  1700 West Washington, Execut ive  Tower, Phoenix,  AZ 

85007. 

Tom Prose  - Attorney  Genera l ' s  des ignee  t o  Power P l a n t  and Transmis- 

s i o n  Line S i t i n g  Committee (602) 255-1620. 

The Power P l a n t  and Transmission Line S i t i n g  Committee de te rmines  what 

e f f e c t  proposed e lectr ical  g e n e r a t i n g  p l a n t s  and t r ansmiss ion  l i n e s  

w i l l  have on t h e  environment. They a l s o  i s s u e  C e r t i f i c a t e s  of Envir- 

onmental  Compa t ib i l i t y  . 
7) Arizona S t a t e  Parks  Board, 1688 West Adams, Phoenix,  AZ 85007 

Ann P r i t z l o f f  - H i s t o r i c  P r e s e r v a t i o n  O f f i c e r  (602) 255-4174 

The Arizona S t a t e  Parks  Board i s s u e s  a r c h e a o l o g i c a l  c l ea rances  f o r  

improvements i n  a r c h e a o l o g i c a l  areas. 

Regula tory  Agencies 

1) Arizona Corpora t ion  Commission, 222 W. Encanto Blvd., Phoenix,  AZ 85009 

Bud T i m  - Chairman of Commission ( e l e c t e d )  (602) 255-3935 

J i m  Weeks - Commissioner (e lec ted)  (602) 255-3933 

Diane NcCarthy - Commissioner ( e l e c t e d )  (602) 255-4143 

Neil1 Dimick - Utili t ies D i r e c t o r  (602) 255-4251 

The Corpora t ion  Commission r e g u l a t e s  p u b l i c  u t i l i t i e s  and sets rates.  

I n  a d d i t i o n ,  they i s s u e  C e r t i f i c a t e s  of  P u b l i c  Convenience and 

Necess i ty .  

Advisory Agencies 

1) Arizona S o l a r  Energy Commission, 1700 West Washington, Execut ive 

Tower, Room 502, Phoenix,  AZ 85007 

James Warnock - D i r e c t o r  
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D r .  Frank Mancini,  Assoc ia t e  D i r e c t o r  (620) 255-3682 

The Arizona S o l a r  Energy Commission p rov ides  in fo rma t ion  r e l a t i n g  t o  

s o l a r  energy and o t h e r  renewable energy sources .  

Arizona Bureau of Geology and Minera l  Technology, 845 North Park 

Avenue, Tucson, Arizona 85719 

D r .  Lar ry  Fel lows,  A s s i s t a n t  D i r e c t o r  and S t a t e  Geo log i s t  (602) 626- 

2733 

The Bureau of Geology and Mineral Technology p rov ides  geo log ic  in-  

format ion  f o r  geothermal  r e source  development. 

By r e f e r r i n g  t o  t h e  Arizona Geothermal I n s t i t u t i o n a l  Handbook, people  

i n t e r e s t e d  i n  geothermal  development w i l l  f i n d  d e t a i l s  on each of t h e  

above mentioned agencies .  

i n  t h e  I n s t i t u t i o n a l  Handbook a long  wi th  agency c o n t a c t s .  

I n s t i t u t i o n a l  Handbook can b e  ob ta ined  by w r i t i n g  t o  t h e  Na t iona l  Tech- 

n i c a l  In fo rma t ion  Center ,  P. 0. Box 62, Oak Ridge, Tennessee 37830. The 

2) 

In  a d d i t i o n ,  f e d e r a l  r e g u l a t i o n s  are o u t l i n e d  

Copies of  t h e  

c o n t r a c t  number f o r  t h e  I n s t i t u t i o n a l  Handbook i s  DOE/ID/12015-2. 

As a f i n a l  n o t e ,  county o r  c i t y  r e g u l a t i o n s  r ega rd ing  geothermal  

development have n o t  been mentioned. 

thermal  development i n  Arizona are s ta te  level  r u l e s .  Loca l  governments 

have a minor r o l e  i n  geothermal  development. However, people  i n t e r e s t e d  

i n  deve loping  geothermal  r e sources  i n  Arizona should  c o n t a c t  l o c a l  plan-  

n ing  and zoning boards  t o  confirm t h e i r  r o l e  i n  r e g u l a t i n g  development. 

The m a j o r i t y  of r e g u l a t i o n s  f o r  geo- 
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Anomalously shallow depth - unusually or unexpectedly shallow depth. 

Basin-range graben bound by deep faults - an area usually ten to hundreds of 
kmL in area that has been down dropped along deep faults relative to 
the surrounding mountains; the grabens become filled with sediments to 
become valleys. 

Curie-depth - the depth at which rocks become hot enough to lose their 
magnetic properties, - 5 2 5 O C .  
surface are an indicator of geothermal resource potential. 

Curie temperature within 5-10 km of the 

Deep circulation - the natural movement or flow of ground water, as a result 
of convection, whereby it descends and becomes heated at depth and then 
rises toward the surface. 

Deep sediment-filled, faulted basin - see basin - range graben. 
Depth of Curie-isotherm analysis - technique used to estimate depth to the 

Curie temperature. 

Hot dry rock production - a method for extracting useful heat in a deep dry 
hole; accomplished by fracturing the hot rock between two deep holes, 
and pumping cold fluid into one and bringing hot fluid out of the 
other. 

Geothermometer - an empirical formula, based on the temperature-dependent 
solubility of certain minerals, used for estimating deep fluid 
temperatures in a geothermal reservoir. 

Magnetotelluric survey - an electromagnetic method in which natural electric 
and magnetic fields are measured. Models of the crust can then be 

I constructed and resistivities at great depth can be predicted. 

&jor range bounding faults - fractures or fracture zones along which 
mountains have risen relative to down dropped grabens. 

Shallow magmatic intrusion - a body of magma that has intruded i t s  way upward 
into shallower crust. 

Na-K-Ca geothermometer -- (also, quartz geothermometer, chalcedony 
geothermometsr) - see geothermometer. 

Tectonic history - the cycle that relates the larger structural features of 
the Earth's crust to gross crustal movements and to the kinds of rocks 
that form in the various stages of developments of these features. 

Q 

40 


	LISTOFFIGURES
	LIST OF TABLES
	INTRODUCTION
	GEOTHERMAL DEVELOPMENT PLANS
	GEOTHERMAL USOURCES
	ECONOMY
	Population
	Growth
	Industry and Employment
	Income
	Other Economic Indicators

	LAND OWNERSHIP
	ENERGY USE
	WATER
	MATCHING GEOTHERNAL RESOURCES TO POTENTIAL USERS
	APPENDIX A
	APPENDIX B
	REFERENCES
	ADDITIONAL RELATED REPORTS
	GLOSSARY OF GEOLOGICAL TERMS
	Geothermal Development Plans for Arizona
	Cochise/Santa Cruz Counties
	Population Projections for Cochise County
	Population Projections for Santa Cruz County
	Employment Sector Projections for Cochise/Santa Cruz Counties
	Santa Cruz Counties (1972 Dollars)
	General Land Ownership Flap for Cochise County
	General Land Ownership Map for Santa Cruz County
	Electricity Sales for Sulphur Springs Valley Cooperative
	Electricity Sales for Citizens Utilities Company in
	Projected Alternatives for IJater Use in Cochise County

	Projected Alternatives for Water Use in Santa Cruz County
	Development for Cochise/Santa Cruz Counties
	Development for Cochise/Santa Cruz Counties




