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Recent  economic and p o l i t i c a l  p r e s s u r e s  t o  deve lop  new energy  

s o u r c e s  t h a t  w i l l  have  less a d v e r s e  e n v i r o n m e n t a l  e f f e c t s  and s t i l l  

meet t h e  growing demand f o r  power have  focused  d i s c u s s i o n  on t h e  po- 

t e n t i a l  f o r  d e v e l o p i n g  n a t u r a l  s t eam and h o t  w a t e r  s o u r c e s  f o r  geo- 

t h e r m a l  power. There  i s  a l s o  s i g n i f i c a n t  i n t e r e s t  i n  u s i n g  h o t  w a t e r s  

f o r  non-power p u r p o s e s  such  a s  r e c r e a t i o n a l  swimming, f i s h  f a r m s ,  green-  

house  o p e r a t i o n s  and s p a c e  h e a t i n g  of homes and b u i l d i n g s .  T h i s  r e p o r t  

p r e s e n t s  a  r e c o n n a i s s a n c e  e f f o r t  t o  d e f i n e  t h e  g e o l o g i c  f a c t o r s  impor- 

t a n t  i n  t h e  e v a l u a t i o n  o f  I d a h o ' s  geo the rmal  p o t e n t i a l .  L imi ted  i n f o r -  

ma t ion  on t h e  chemica l  c o n t e n t s  and t e m p e r a t u r e s  of  h o t  w a t e r  s o u r c e s  

i n  Idaho was o b t a i n e d  t o  a s c e r t a i n  i n f o r m a t i o n  u s e f u l  i n  f u t u r e  e x p l o r -  

a t  i o n .  

An a t t e m p t  was made t o  i d e n t i f y  t h e  e x t e n t  of  h o t  w a t e r  u s e s  i n  

Idaho .  The p a t t e r n  of u s e  was s t u d i e d  and i n f o r m a t i o n  o b t a i n e d  on t h e  

economic impor tance  of t h e  ho t  w a t e r  a s  a  stat^ r ~ s n l l ? r r e ,  

During t h e  p r o g r e s s  of t h e  r e s e a r c h  a  new S t a t e  s t a t u t e  was passed  

and t h e  l e g a l  r e s p o n s i b i l i t y  of r e g u l a t i n g  and a d m i n i s t e r i n g  t h e  geo- 

t h e r m a l  r e s o u r c e s  was a s s i g n e d  t o  t h e  Idaho Department of  Water Adminis- 

t r a t i o n .  F u t u r e  needed s t u d i e s  w i l l  t h u s  b e  c o o r d i n a t e d  t h r o u g h  t h a t  

agency.  
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FOREWORD 

The Water Resources Research Institute has provided the adminis- 

trative coordination for this study and organized the interdisciplinary 

team that conducted the investigation. It is the Institute policy to 

make available the results of significant water related research conducted 

in Idaho's universities and colleges. The Institute neither endorses 

nor rejects the findings of the authors. It does recommend careful con- 

sideration of the accumulated facts by those who are assuredly going to 

continue to investigate this important field of geothermal power and 

water resources. 
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I N T R O D U C T I O N  

L a t e  i n  1970 and e a r l y  i n  1971  t h e  wr i te r s  and Ilr. Plont M. Warner 

d i s c u s s e d  approaches  of  r e s e a r c h  t h a t  you ld  be  v a l u a b l e  t o  t h e  S t a t e  of 

Idaho i n  t h e  new f i e l d  of  g e o t h e r p a l  power development .  From t h i s  d i s -  

c u s s i o n  a n  i n t e r d i s c i p l i n a r y  team was o r g a n i z e d  which c o n s i s t e d  of t h e  

f o l l o w i n g :  

D r .  C l a y t o n  R .  N i c h o l s ,  Bo i se  S t a t e  C o l l e g e  

n ,  
U L  . KG,,~.  ;:. K ~ L L I ~ L  , 3 i r i b 2  S i d i e  C o l l e g e  

P y o f ,  C . C .  Warnick,  U n i v e r s i t y  of Idaho 

P r a f .  C . E .  Erockway, U n i v e r s i t y  of Idaho  

D r ,  W.P. Barnes ,  U n i v e r s i t y  of Idaho 

D r .  John Bond, Idqho Bureap of Mines and Geology 

I n  May, 1971 ,  f h e  group s u b m i t t e d  a r e s e a r c h  p r o p o s a l  t o  t h e  Re- 

s e a r c h  C o u n c i l  program ("shoyt  term a p p l i e d  r e s e a r c h "  b u t  under  t h e  g e n e r a l  

r e s e a r c h  program a f  t h e  y o u n c i l )  a t  t h e  U n i v e r s g t y  of Idaho .  D r .  C lay ton  

N i c h o l s  sough t  and r e c e i v e d  f i q a n c i a l  s u p p o r t  f o r  f i e l d  work i n  s s u t h e r n  

Idaho  from t h e  Tdaho Power company. 

The o r i g i n a l  p r o p o s a l  c o n t a i n e d  t h e  f o l l o w i n g  o b j e c t i v e s :  

1. To i d e n t i f y  t h e  magni tude  of h o t  w a f e r  o r  s t eam s o u r c e s  needed 

f o r  v a r i o u s  s i z e s  of power o r  h o t  w a t e r  developments .  

2 ,  To i d e n t i f y  non-poweruses of geo the rmal  w a t e r s  and t h e  economic 

p o t e n t i a l  of t h e s e  u s e s  i n  Idaho .  

3 .  To s t u d y  l e g a l  problems of geo the rmal  w a t e r ,  p a r t i c u l a r l y  

a s  t h e y  r e l a t e  t o  s t a t e  w a t e r  r i g h t s .  



4. To i d e n t i f y  ?cs t ; iLi l i t ies  < o r  n u c l e a r  e x p l o s i o n s  t o  

a i d  i n  development of geo thermal  power i n  Idaho.  

5. To s t u d y  h e a t  t r a n s f e r  c h a r a c t e r i s t i c s  i n  d i f f e r e n t  

r o c k s  t o  i d e n t i f y  longterm o r  s h o r t  t e r m  e f f e c t s  of 

i n t r o d u c L l g  new w a t e r  s o u r c e s  i n t o  t h e  f r a c t u r e d  a r e a  

of the rmal  zones deep i n  t h e  e a r t h .  

6.  To i d e n t i f y  t h e  b e s t  l o c a t i o n s  i n  Idaho f o r  geo thermal  

and b a s e  t e m p e r a t u r e s  i n  t h e  h i g h  p o t e n t i a l  geothermal  

r e s o u r c e  areas of t h e  S t a t e  of Idaho .  

The scope  of t h e  p r o j e c t  was narrowed t o  c o n s i d e r  o n l y  i t e m s  

2 ,  3 and 6 a t  t h e  d i r e c t i o n  of t h e  U n i v e t s i t y  of Idaho R e s e a r c h  C o u n c i l .  

It was t h e n  t h e  i n t e n t  t o  pursue  t h e  r e s e a r c h  a s  a th ree -year  e f f o r t ,  b u t  

l a c k  of fund ing  from t h e  O f f i c e  of Water Resources  Research and t h e  de- 

c i s i o n  f o r  I d a h o ' s  e f f o r t s  of i n v e s t i g a t i o n  of geothermal  power and w a t e r  

t o  c e n t e r  i n  t h e  Idaho Department of Water A d m i n i s t r a t i o n  and t h e  U.S. 

G e o l o g i c a l  Survey h a s  made i t  n e c e s s a r y  t o  t e r m i n a t e  t h e  r e s e a r c h  a f t e r  

one y e a r .  

During t h e  p r o g r e s s  of t h i s  r e s e a r c h ,  t h e r e  developed much i n t e r e s t  

i n  f i l i n g  f o r  g e o ~ h e r m a l  power r i g h t s , * a n d  c e r t a i n  f i l i n g s  f o r  w a t e r  under 

t h e  c o n v e n t i o n a l  w a t e r  r i g h t s  u s e  program of t h e  S t a t e  of Idaho were  made. 

The l e g i s l a t u r e  and a d m i n i s t r a t i o n  of t h e  S t a t e  recognized  t h a t  new s t a t u t e s  

were  n e c e s s a r y  t o  p r o p e r l y  a d m i n i s t e r  t h i s  r e s o u r c e .  The a u t h o r s  of t h i s  

r e p o r t  were c o n t a c t e d  and made recommendations r e g a r d i n g  t h e  l e g i s l a t i o n  and 

i t e m  3 of t h e  o b j e c t i v e s  was covered somewhat o u t s i d e  t h e  scope  of t h i s  

s t u d y .  Y e t  i t  is recognized  t h a t  t h e  l e g a l  a s p e c t s  of geo thermal  development 



a r e  s o  new t h a t  much r e s e a r c h  and o p e r a t i n g  expe r i ence  w i l l  be  nece s sa ry  

t o  meet t h e  needs  of t h e  S t a t e  i n  t h a t  rea lm of t h e  problem. 

The year  of s t udy  t h u s  r e s u l t e d  i n  two main t h r u s t s :  (1)  A cons id-  

e r a t i o n  of t h e  geo log i c  f a c t o r s  i n  t h e  e v a l u a t i o n  of I daho ' s  geothermal 

p o t e n t i a l  and ( 2 )  t h e  assessment  of t h e  p r i n c i p a l  commercial u se s  of 

ho t  wa t e r s  i n  t h e  S t a t e  of Idaho. The body of t h e  r e p o r t  is d iv ided  i n t o  

t h e s e  two s e c t i o n s .  

During t h e  p r o g r e s s  of t h e  r e s e a r c h ,  t h e  Idaho S t a t e  Ground Water 

Committee r eques t ed  t h a t  a  d e t a i l e d  b ib l i og raphy  of p e r t i n e n t  l i t e r a t u r e  

on t h e  s u b j e c t  be developed;  t h i s  r e p o r t  has  a t t empted  t o  assemble a  

b ib l i og raphy  of geothermal  l i t e r a t u r e  t h a t  w i l l  be  u s e f u l  t o  c i t i z e n s  and 

l a t e r  i n v e s t i g a t o r s .  



GEOLOGIC FACTORS I N  THE EVALUATION OF IDAHO'S 
GEOTHERMAL POTENTIAL 

I n t r o d u c t i o n  

The economic f e a s i b i l i t y  of geothermal  power p roduc t i on  h a s  been 

demonstra ted c o n c l u s i v e l y  a t  t h e  Geysers  i n  Sonoma County, C a l i f o r n i a ,  

and t h e  s e a r c h  f o r  s imilar ,  p o t e n t  "dry steam" geothermal  systems h a s  

provided t h e  i n c e n t i v e  f o r  most of t h e  "geothermal boom" i n  t h e  wes t e rn  

states. Although t h e  e a r t h  has  been de sc r i bed  as a v a s t  r e s e r v o i r  of 

h e a t  energy ,  White (1969) has  shown t h a t  i t  i s  on ly  i n  r e l a t i v e l y  rare, 

l o c a l i z e d  a r e a s  w i t h  anomalously h igh  h e a t  f low r a t e  and thermal  g r a d i e n t  

t h a t  t h e  h e a t  energy  may be p r o f i t a b l y  e x t r a c t e d  f o r  power g e n e r a t i o n .  

Heat i s  d i s s i p a t e d  a t  t h e  s u r f a c e  of t h e  e a r t h  a t  an  average  rate of 

2 
on ly  1 . 5  mic ro - ca lo r i e s  p e r  cm pe r  second (one mic ro - ca lo r i e  p e r  cm 

2 

pe r  second is one "Heat Flow Uni t "  o r  HFU), and t h i s  r a t e  of energy out-  

p u t  from t h e  i n t e r i o r  of t h e  e a r t h  i s  s e v e r a l  o r d e r s  of magnitude less 

than  t h e  r a t e  of energy r e c e p t i o n  from t h e  sun.  The "normal" rate of temp- 

o  
e r a t u r e  i n c r e a s e  w i t h  dep th  o r  geothermal  g r a d i e n t  is 20 C p e r  km w i t h i n  

t h e  c o n t i n e n t a l  c r u s t .  Assuming a  minimum r e q u i r e d  s team tempera ture  of 

2 0 0 ' ~  and t h e  normal geothermal  g r a d i e n t ,  a dep th  of 1 0  km (33,000 f e e t )  

would be  r e q u i r e d  i n  o rde r  t o  a t t a i n  200 '~.  Su r f ace  ground water does  no t  

p e r c o l a t e  t o  t h i s  d e p t h  on a  s i g n i f i c a n t  s c a l e ,  and geothermal  w a t e r s  have 

been shown on t h e  b a s i s  of t h e i r  i s o t o p i c  composi t ion (Cra ig ,  e t  a l . ,  1956) 

t o  be p redomina te ly  (>95%) hea ted  ground wa t e r .  Large convec t i ve  ho t  ground 

wate r  c e l l s  i n  h igh  h e a t  f low a r e a s  a r e  known as geothermal  zones and t hey  

prov ide  t h e  t a r g e t s  f o r  geothermal  power development. 



The magni tude  of t h e  t h e r m a l  anomaly and t h e  r a t e  of  h e a t  exchange 

w i t h  t h e  ground w a t e r  c i r u c l a t i o n  p e r m i t t e d  by t h e  g e o l o g i c  s e t t i n g  l e a d  

t o  t h e  e s t a b l i s h m e n t  of  a  maximum o r  "base" t e m p e r a t u r e  w i t h i n  e a c h  geo- 

t h e r m a l  sys tem.  T h i s  b a s e  t e m p e r a t u r e  and t h e  volume of h o t  w a t e r  and 

s t eam a v a i l a b l e  f o r  p r o d u c t i o n  from t h e  sys tem d e t e r m i n e  t h e  t y p e  of u t i l -  

0 
i z a t i o n  most s u i t a b l e  t o  e a c h  geo the rmal  zone.  Temperatures  i n  t h e  250 C 

r a n g e  a r e  p r e s e n t l y  r e q u i r e d  f o r  economic geo the rmal  power g e n e r a t i o n .  The 

p r e s e n c e  of a  geo the rmal  sys tem i s  u s u a l l y  i n d i c a t e d  by s u r f a c e  man i fes -  

t a t i o n s  s u c h  a s  g e y s e r s  o r  h o t  s p r i n g s ,  and t h e  b a s e  t e m p e r a t u r e  of  t h e  

sys tem may b e  p r e d i c t e d  from a  geochemical  a n a l y s i s  of  t h e  t h e r m a l  w a t e r s .  

L i t t l e  doub t  r emains  a s  t o  t h e  a c c u r a c y  and d e p e n d a b i l i t y  of  geochemical  

t e c h n i q u e s  i n  t h e  p r e l i m i n a r y  e v a l u a t i o n  of geo the rmal  sys tems .  A t  t h e  

p r e s e n t  a  geo the rmal  sys tem must  b e  l o c a t e d  th rough  i t s  s u r f a c e  manifes-  

t a t i o n s  b e f o r e  i t  may b e  e v a l u a t e d  by o t h e r  t e c h n i q u e s ,  and a  ques-  

t i o n  of fundamenta l  impor tance  remains .  Can a  h i g h  t e m p e r a t u r e  geo the rmal  

zone e x i s t  w i t h o u t  t h e  u s u a l  s u r f a c e  i n d i c a t i o n s ,  and i f  s o ,  how c a n  i t s  

p r e s e n c e  b e s t  b e  d e t e c t e d ?  T h i s  q u e s t i o n  is e s p e c i a l l y  r e l e v a n t  t o  Idaho ,  

a  s t a t e  w i t h  o v e r  200 h o t  s p r i n g  a r e a s ,  b u t  no known g e y s e r s .  

The h i g h  h e a t  f l o w s  r e q u i r e d  f o r  a c t i v e  geo the rmal  zone development 

occur  o n l y  i n  c e r t a i n  s p e c i f i c  g e o l o g i c  env i ronments ,  and t h e  geo the rmal  

p o t e n t i a l  of  a n  a r e a  may be  a s s e s s e d  on a  p r e l i m i n a r y  b a s i s  from t h e  p re -  

s e n c e  o r  absence  of t h e  r e g i o n a l  g e o l o g i c  c o n d i t i o n s  r e s p o n s i b l e  f o r  ab- 

normal  h e a t  f low.  Recent  t e c h n o l o g i c a l  advances  r e p o r t e d  by Gerber  (1972) 

p o i n t  toward t h e  f u t u r e  f e a s i b i l i t y  of e x t r a c t i n g  t h e  h e a t  ene rgy  p r o f i t -  

a b l y  from any major  t h e r m a l  anomaly whe ths r  o r  n o t  a  c o n v e c t i v e  ground 



w a t e r  sys tem i s  n a t u r a l l y  deve loped .  I n  t h e  t o t a l  e v a l u a t i o n  of I d a h o ' s  

geo the rmal  p o t e n t i a l ,  i t  i s  t h u s  n e c e s s a r y  t o  a s s e s s  t h e  S t a t e ' s  r e g i o n a l  

g e o l o g i c  s i t u a t i o n  i n  a d d i t i o n  t o  examining i t s  s u r f a c e  h o t  w a t e r  man i fes -  

t a t i o n s .  

Obi e c  t i v e s  

Major o b j e c t i v e s  of t h e  g e o l o g i c  i n v e s t i g a t i o n s  were:  (1)  t o  l o -  

c a t e  t h e  ma jo r  geo the rmal  s y s t e m s  w i t h i n  t h e  S t a t e ,  ( 2 )  to p r e d i c t  t h e i r  

b a s e  o r  miximum t e m p e r a t u r e s  a t  d e p t h  u t i l i z i n g  geochemica l  t e c h n i q u e s ,  

and ( 3 )  t o  d e v e l o p  g e n e r a l i z a t i o n s  c o n c e r n i n g  t h e  " g e o l o g i c  h a b i t a t "  of 

g e o t h e r m a l  sys tems  and a p p l y  them t o  I d a h o ' s  r e g i o n a l  g e o l o g i c  s e t t i n g .  

P r e v i o u s  Geo log ic  I n v e s t i g a t i o n s  
- 

Data  on h o t  s p r i n g s  of  Idaho have been t a b u l a t e d  by Waring (1965) and 

by Ross (1971) .  The l a t t e r  r e f e r e n c e  i n c l u d e s  a  c o m p i l a t i o n  of geochemi- 

c a l  d a t a  a s  w e l l  a s  l o c a t i o n ,  t e m p e r a t u r e  and f l o w  r a t e  i n f o r m a t i o n .  The 

d i s t r i b u t i o n  of t h e r m a l  w a t e r s  i s  r e f l e c t e d  i n  a g e n e r a l  way by t h e  F e d e r a l  

government ' s  c l a s s i f i c a t i o n  of p u b l i c  l a n d s  w i t h  r e s p e c t  t o  t h e i r  g e o t h e r m a l  

r e s o u r c e  p o t e n t i a l  (Godwin, e t  a l . ,  1 9 7 1 ) .  A map showing t h e  Lands i n  

I d a h o ,  w e s t e r n  Montana, Nevada, e a s t e r n  Oregon, w e s t e r n  Wyoming and n o r t h e r n  

Utah  c l a s s i f i e d  a s  h a v i n g  a  geo the rmal  p o t e n t i a l  a r e  shown i n  F i g u r e  1. 

Two t y p e s  of d e s i g n a t i o n  w e r e  employed under t h e  Geothermal  Steam Act  of 1970.  

The t e r m  "Known Geothermal Resource  Area" ,  KGRA, was used t c ?  d e s i g n a t e  a r e a s  

i n  which " t h e  geo logy ,  n e a r b y  d i s c o v e r i e s ,  competitive i n t e r e s t s  o r  o t h e r  

i n d i c i a "  would seem t o  w a r r a n t  t h e  e x p e n d i t u r e  of ful lds f o r  g e o t h e r m a l  ex- 



Figure l. Lands classified as Known Geothermal Resource Areas 
are shown as numberod areas; Areas Vdlu7ble ?rosnectively are 
enclosed without numbers. Idaho has two KGRAs; the Yellowstone 
KGRAwith a to ta l  of I111611 n.cros, and the Frazier (Raft laver) 
KGRA (92) with a to ta l  of 7,680 Acres. (b'rom Godwin, e t  d, 
Classification of  Public Lands Valuable for Geothermal Resourc~a 
U. S. Geolodcal Survey Circular 6L7, 1971. ) 



p l o r a t i o n .  Only two K G R A ' s  were de s igna t ed  i n  Idaho.  These were t h e  

Yellowstone Na t i ona l  Park  and t h e  F r a z i e r  ( o r  Ra f t  River )  KGRA compris ing 

twelve s e c t i o n s  i n  Cas s i a  County. I n  a d d i t i o n  t o  KGRA's, t h e  Geothermal 

Steam Act a l s o  provided f o r  t h e  r e t e n t i o n  of geothermal  r i g h t s  by t h e  

Fede ra l  Government upon d i s p o s a l  of l a n d s  determined t o  be  " a r ea s  v a l u a b l e  

p ro spec t i ve ly ' '  (AVP). Approximately 1 5  m i l l i o n  a c r e s  i n  Idaho have been 

s o  de s igna t ed .  

P r ev ious  i n v e s t i g a t i o n s  of p a r t i c u l a r  r e l evance  t o  t h e  unders tand ing  

of t h e  d i s t r i b u t i o n  of I d a h o ' s  the rmal  wate r  i n c l u d e  a  number of hyd ro log i c ,  

geo log i c  and geophys ica l  s t u d i e s  of bo th  a  r e g i o n a l  and l o c a l  n a t u r e .  The 

hydrology of t h e  Snake River  Basin  h a s  been d i s cus sed  by Mundorff, e t  a l .  

(1964) .  A review of t h e  geology and hydrology of many of t h e  ground wate r  

b a s i n s  i n  Idaho i s  conta ined  i n  Water In format ion  B u l l e t i n s  pub l i shed  by t h e  

Idaho Department of Water Admin i s t r a t i on .  I n d i v i d u a l  b u l l e t i n s  of p a r t i c u l a r  

geothermal  i n t e r e s t  i nc lude  # 4 ,  Ground-Water Resource of t h e  Mountain Home 

Area,  Elmore, County, Idaho,  Ra l s t on  and Chapman (1968);  #14, Ground-Water 

Resource of Northern Owyhee County, Idaho,  Ra l s t on  and Chapman (1969);  and 

#19, The R a f t  River  Bas in ,  Idaho-Utah, Walker, e t  a l .  (1970).  The geology 

of t h e  I s l a n d  Park  a r e a  h a s  been mapped by Hamilton (1965) and S t e a r n s ,  e t  a l .  

(1939).  Geologic  mapping i n  t h e  s o u t h e a s t e r n  p o r t i o n  of Idaho by Mansf ie ld  

(1920,1921, and 1927) h a s  been supplemented by geophys ica l  i n v e s t i g a t i o n s  

such  a s  t h e  s t u d y  by Mabey and O r i e l  (1971) which a r e  u s e f u l  i n  a t t e m p t i n g  

t o  c o r r e l a t e  h o t  s p r i n g  d i s t r i b u t i o n s  w i t h  v o l c a n i c  a c t i v i t y .  Mapping i n  

t h e  west  c e n t r a l  Snake River  P l a i n  by Malde, e t  a l .  (1963) i s  impor tan t  t o  

t h e  unders tand ing  of the rmal  wate r  d i s t r i b u t i o n  a l o n g  t h e  f l a n k s  of t h e  

wes te rn  Snake River  P l a i n s .  



Genera l  comprehensive d i s c u s s i o n s  of gecthe:.nal sysreins,  t h e i r  

o p e r a t i o n  and e x p l o i t a t i o n  a r e  p r e s e n t e d  i n  p a p e r s  by White (1968 and 1 9 6 9 ) ,  

White,  M u f f l e r ,  and T r u e s d e l l  (1971.), and Koenig :1970), Papers  d e a l i n g  

s p e c i f i c a l l y  w i t h  t h e e x p l o r a t i o n  f o r  geothern,al. zones and geochemical  p ros -  

p e c t i n g  i n c l u d e  t h o s e  by Combs and M u f f l e r  (19721, Koenig (1970) ,  Crosby 

(1971) ,  and F o u r n i e r  and T r u e s d e l l  (1970) .  

Method of I n v e s t i g a t i u n  --- . 

A comprehensive review of t h e  l i t e r a t u r e  ::oncerning t h e  d i s t r i b u -  

t i o n  and geochemist ry  of h o t  s p r i n g s  and w e i l s  of Idaho and a  c o m p i l a t i o n  

of p u b l i s h e d  and unpubl ished g e o l o g i c  d a t a  av&i:ab .Le  For t h e s e  h o t  s p r i n g  

a r e a s  was made p o s s i b l e  th rough  a  g r a n t  fr011i STAK f u n d s .  Limited f i e l d  

i n v e s t i g a t i o n  of s e l e c t e d  n o t  s p r i n g s  a r e a s  arid a d d i t i o n a l  geochemical  

a n a l y s i s  of h o t  wa te r  were under taken d u r i n g  t h e  suinmer of 1971 by Idaho 

Power Company th rough  a  g r a n t  t o  D r .  Moilt Flarrler 3 r d  Clayton Nicho ls ,  

Department of Geology, Boise  S t a t e  C o l l e g e .  

C r i t e r i a  u t i l i z e d  i n  t h e  p r e s e n t  i r ~ v e s t i g a t i o n  f o r  t h e  i d e n t i f i c a -  

t i o n  and economic e v a l u a t i o n  of geothermal  zones  w e ~ e  g e n e r a l l y  s i m i l a r  t o  

t h o s e  t e c h n i q u e s  l i s t e d  by Godwin, ----- e t  - a .  (19 ! T11rsr g e o l o g i c  c o n s i d e r -  

a t i o n s  i n c l u d e d :  

... t h e  measurement of s u r f a c e  t e m p e r a t u r e s  of s p r i n g s  and w e l l s ,  
an  e x a m i n t a t i o n  of t h e  geochemist ry  of the rmal  wa te r  f lowing  a s  
an  i n d i c a t o r  of maximum tempera tu res  t o  b e  expected a t  d e p t h ,  a  
m i n e r a l o g i c a l  examinat ion of s u r f a c e  a l t e r a t i o n  produced by t h e r -  
mal s p r i n g s  a s  a n  i n d i c a t o r  of bo th  t h e  intensity and e x t e n t  of 
l e a k a g e  from thermal  zones ,  and t h e  r e g i o n a l  g e o l o g i c  s e t t i n g  
a s  i t  i n f l u e n c e s  t h e  r e s e r v o i r  cklaracterist ics and p ~ a s i b l e  h e a t  
s o u r c e  f o r  t h e  geothermal  zone.  



U t i l i z i n g  t h e s e  c r i t e r i a ,  f i v e  a r e a s  were o r i g i n a l l y  s e l e c t e d  f o r  

i n v e s t i g a t i o n  du r ing  t h e  summer of 1971. These a r e a s  were: 

1. R a f t  River  Basin  n e a r  Br idge ,  Cas s i a  County 

2.  Worswick Hot Sp r ings  nea r  F a i r f i e l d ,  Camas County 

3 .  The M t .  Bennet t  H i l l s  F ron t  n e a r  Mountain Home, Elmore County 

4 .  Bruneau-Oreana-Grandview Ar-ea, Owyhee County 

5. B o i l i n g  Sp r ings  Area,  Va l l ey  County 

A d d i t i o n a l  i n fo rma t ion  ga the r ed  from i n t e r v i e w s  w i th  l o c a l  r e s i d e n t s  and 

a  rev iew of  r e g i o n a l  geo log i c  c o n s i d e r a t i o n s  war ran ted  a  l i m i t e d  s t u d y  of 

two more a r e a s :  

6.  Car ibou Range i n  Caribou and Bonnevi l l e  Count ies  

7.  I s l a n d  Park  Area,  Fremont County 

Water samples were c o l l e c t e d  and s t o r e d  i n  po lye thy l ene  c o n t a i n e r s .  

S to r age  t i m e s  p r i o r  t o  a n a l y s i s  by Hibbs L a b o r a t o r i e s  of Boise ,  Idaho ,  were 

i n  no i n s t a n c e  l o n g e r  t han  two weeks. Samples w i t h a h i g h  s i l i c a  c o n t e n t  

were d i l u t e d  t o  one p a r t  i n  t e n  p a r t s  d i s t i l l e d  wate r  immediate ly  upon 

c o l l e c t i o n  t o  p r even t  s i l i c a  po lymer i za t i on .  Temperatures were p r e d i c t e d  

p r i m a r i l y  by means of t empera ture  v s .  SiO cu rves  a s  pub l i shed  by Fou rn i e r  
2 

and Rowe (1966) .  C a l c u l a t i o n s  u t i l i z i n g  t h e  a tomic r a t i o  of Na/K (Four- 

n i e r  and T r u e s d e l l ,  1970) were a l s o  a t t empted  w i t h  o n l y  p a r t i a l  s u c c e s s  

i n  c o r r e l a t i n g  t h e s e  r e s u l t s  w i t h  SiO p r e d i c t e d  t empera tures .  
2 

In format ion  ob t a ined  i n  t h e  i n v e s t i g a t i o n  was forwarded t o  t h e  Boise  

o f f i c e  of t h e  U.S. Geologic  Survey f o r  u t i l i z a t i ~ n  i n  t h e i r  c u r r e n t  inves -  

t i g a t i o n  of geothermal  wate r  i n  t h e  S t a t e  of Idaho. 



R e s u l t s  of t h e  Geologic  I n v e s t i g a t i o n  

The f i r s t  phase  of t h e  i n v e s t i g a t i o n  invo lved  t h e  s e l e c t i o n  and geo- 

chemical  sampl ing of f i v e  of t h e  most promising geothermal  a r e a s  d e s c r i b e d  

p r e v i o u s l y  i n  t h e  work of Ross (1971) and then t h e  two a d d i t i o n a l  a r e a s .  

The l o c a t i o n ,  t e m p e r a t u r e ,  and chemical  d a t a  f o r  t h e  o r i g i n a l  f i v e  the rmal  

a r e a s  a r e  p r e s e n t e d  i n  Table  1. These f i v e  a r e a s  a r e  s i t u a t e d  i n  t h r e e  

d i s t i n c t i v e  g e o l o g i c  environments :  The b a s i n  and t h e  r a n g e  p r o v i n c e ,  t h e  

Idaho B a t h o l i t h ,  and t h e  w e s t e r n  Snake River  P l a i n  (F igure  2 ) .  

The Basin  and Range P r o v i n c e  

The the rmal  w a t e r s  of s o u t h e a s t e r n  Idaho a r e  d i s t r i b u t e d  a l o n g  g e n e r a l l y  

nor th - sou th  t r e n d i n g  f a u l t  zones which a r e  c h a r a c t e r i s t i c  of t h e  Basin  and 

Range Prov ince .  The R a f t  R iver  V a l l e y  i n  C a s s i a  County n e a r  Mal ta  which 

c o n t a i n s  pe rhaps  t h e  most i m p r e s s i v e  the rmal  anomaly i n  t h e  S t a t e  i l l u s t r a t e s  

t h e  Basin  and Range occur rence  of the rmal  w a t e r .  The geology of t h e  R a f t  

R iver  V a l l e y  h a s  been mapped i n  d e t a i l  by Anderson (1931) and by Nace, e t  a l .  

(1961).  Major h i g h  d i s p l a c e m e n t ,  nor th - sou th  t r e n d i n g  f a u l t s  p r o v i d e  t h e  

the rmal  f l u i d s  produced from s e v e r a l  400 foot-deep w e l l s  on t h e  wes t  s i d e  of 

t h e  main v a l l e y  f l o o r .  The R a f t  R iver  V a l l e y  i s  a  w e s t w a r d - t i l t e d ,  down- 

f a u l t e d  b l o c k ,  and t h e  C o t t e r e l l  Range on t h e  wes t  s i d e  of t h e  v a l l e y  i s  a  

h o r s t  (up- fau l t ed  b l o c k )  which a l s o  h a s  a  westward t i l t .  G r a v i t y  p r o f i l e s  

by Cook, e t  a l .  (1964) i n d i c a t e  4,000 f e e t  of sed imenta ry  f i l l  w i t h i n  t h e  

v a l l e y  f l o o r .  

Of t h e  f i v e  a r e a s  i n i t i a l l y  s t u d i e d ,  t h e  R a f t  R i v e r  the rmal  w a t e r s  

a r e  t h e  c l o s e s t  c h e m i c a l l y  t o  t h e  composi t ion of t y p i c a l  geothermal  b r i n e s .  
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Figure 2. Index map of areas investigated 
and Geomorphic provinces. 

1. Raft River Basin near Bridge, Cassia County 

2. Worswick Hot Springs near Fairfield, Camas 
County 

3. Mt. Bennett Hills Front near Mountain Home, 
Elmore County 

4. Bruneau-Oreana-Grandview Area, Owyhee County 

5. Boiling Springs A~ea, Valley County 
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The high chloride content of the water (1,700 ppm) is indicative of a "wet" 

geothermal system (White, et al., 1971). The relatively rare dry steam 

systems characteristically have a low chloride content (less than 50 ppm 

Cl). The silica contents of the thermal waters from the two wells indicate 

a temperature at depth of at least 160°c, but the relatively high atomic 

ratio of Na/K (greater than 20) may indicate a low temperature system, 

probably less than 200'~. 

The presence of water near the boiling point in the Raft River wells 

has attracted considerable economic interest, and twelve sections have been 

designated the Frazier KGRA. The water from the southernmost of the two 

wells is being utilized in a greenhouse operation, but leasing interest 

in the area has been motivated primarily by interest in the geothermal power 

producing potential. In spite of the relatively low geochemically predicted 

0 
maximum temperatures (less than 200 C) and the apparent wet nature of the 

system, the Raft River area still constitutes the Stateis best substantiated 

geothermal zone. Anomalous silica values for both ground and river water from 

the main-south portion of the valley indicate extensive leakage of silica- 

rich thermal fluids along the north-south trending fault zones. 

The low temperature, wet geothermal system here may be the result of 

the area's unique geologic setting. Stone (1969) has theorized that three 

major regional tectonic zones intersect near the north end of the Raft River 

Valley. Rift zones of the western and eastern Snake River Plain intersect 

the north-south faulting of the Raft River Valley at its intersection with 

the east-west trending plain of the Snake River. Above average heat flow 

at this intersection may be responsible for the thermal waters in the Raft . 
River Valley. 



The o t h e r  major nor th-south t r e n d i n g  v a l l e y s  a l ong  t h e  Idaho-Utah 

l i n e  a r e  a l s o  t he rma l ly  a c t i v e  and pos se s s  a  r e l a t i v e l y  undeveloped geo- 

the rmal  p o t e n t i a l .  The thermal  s p r i n g s  of Utah occur  i n  a  nor th-south 

t r e n d i n g  zone which i s  r e f l e c t e d  i n  a  genera l  way by t h e  Fede ra l  govern- 

ment ' s  d e s i g n a t i o n  of AVP f o r  geothermal  r e s o u r c e s  a s  shown i n  F igu re  1. 

This  d i s t r i b u t i o n  of thermal  water  a s  mapped by Mundorff (1971) c o i n c i d e s  

w i t h  t h e  t e c t o n i c a l l y  a c t i v e  r eg ion  known a s  t h e  In te rmounta in  Seismic B e l t  

(Shar ,  e t  a l . ,  1972) .  Th i s  zone of above average s e i smic  and thermal  

a c t i v i t y  ex tends  northward i n t o  Idaho i n  t h e  Cache Va l l ey  r eg ion  of Frank- 

l i n  County near  P r e s ton .  Recent geophys ica l  i n v e s t i g a t i o n s  by S t an l ey  

(1972) r evea l ed  a  6,000 f o o t  dep th  of sedimentary f i l l  w i t h i n  t h e  down-faulted 

v a l l e y  f l o o r .  In format ion  on thermal  water  i n  t h e  a r e a  i s  s p a r s e ,  b u t  

u n s u b s t a n t i a e d  r e p o r t s  i n d i c a t e  a  g r e a t e r  d i s t r i b u t i o n  of ho t  w e l l  wa te r  

than  t h a t  p r ev ious ly  r e p o r t e d  i n  t h e  l i t e r a t u r e .  The a r e a  is s l a t e d  f o r  

i n v e s t i g a t i o n  du r ing  a  j o i n t  U.S. Geologic  Survey-State  Water Admin i s t r a t i on  

geothermal  i n v e s t i g a t i o n  now i n  p rog re s s .  

The b e l t  of s e i smic  a c t i v i t y  i n  e a s t e r n  Idaho is n o t  con t inuous  be- 

tween t h e  Cache Va l l ey  a r e a  and t h e  s e i s m i c a l l y  a c t i v e  a r e a s  of southwestern 

Montana, b u t  microse i smic  swarm a c t i v i t y  ha s  been d e t e c t e d  a t  Caribou Moun- 

t a i n ,  Bonnevi l l e  County, and i n  t h e  v i c i n i t y  of P a l i s a d e s  Reservo i r  (Prof .  

Edmund Wil l iams,  Ricks  Co l l ege ,  Rexburg, Idaho,  pe r sona l  communication, 

June ,  1972, and Sba r ,  e t  a l . ,  1972) .  Carbonate-r ich ho t  s p r i n g s  occur  a t  

Soda Spr ings  i n  Caribou County and s p r i n g s  w i t h  a  h igh  tempera ture  geo- 

chemis t ry  occur  nea r  P a l i s a d e s  Rese rvo i r .  Other h o t  s p r i n g s  i n  e a s t e r n  

Idaho r e l a t e d  g e n e t i c a l l y  t o  t h e  Basin and Range environment i nc lude  Lava 



Hot S p r i n g s ,  Bannock County, and Lidy Hot S p r i n g s ,  C l a r k  County, on t h e  

n o r t h e r n  s i d e  of t h e  e a s t e r n  Snake R i v e r  P l a i n .  The m a j o r i t y  of t h e  h o t  

s p r i n g s  i n  s o u t h e a s t e r n  Idaho have a  geochemist ry  v e r y  s i m i l a r  t o  t h a t  of 

t h e  s p r i n g s  a l o n g  t h e  Wasatch F a u l t  Zone and In te rmounta in  Siesmic  B e l t  

i n  Utah.  

The o n l y  wate r  sampled which possessed  a  w a t e r  c h e m i s t r y  c h a r a c t e r -  

i s t i c s  of a t r u e  geothermal  sys tem was t h a t  from t h e  R a f t  R i v e r  w e l l s .  

Based on t h e  r e l a t i v e l y  low p r e d i c t e d  maximum t e m p e r a t u r e s  and w e t  n a t u r e  

of t h e  sys tem,  t h e  R a f t  R i v e r  a r e a  would appear  t o  have on ly  a  l i m i t e d  power- 

producing p o t e n t i a l  b e s t  s u i t e d  t o  power g e n e r a t i o n  u t i l i z i n g  a  h e a t  ex- 

changing t echn ique  such  a s  t h e  "Magma Max" p r o c e s s .  

Hot w a t e r  w i t h i n  t h e  Bas in  and Range Prov ince  might be  expec ted  t o  

d i s p l a y  a  more v a r i a b l e  c h e m i s t r y  t h a n  wate r  from t h e  b a t h o l i t h  o r  w e s t e r n  

Snake R i v e r  P l a i n .  The wate r  c h e m i s t r y  r e f l e c t s  b o t h  t h e  t e m p e r a t u r e  and 

t h e  c h e m i s t r y  of t h e  deep w a l l r o c k  encountered d u r i n g  c i r c u l a t i o n .  The 

v a r i a b l e  sed imenta ry  l i t h o l o g y  of t h e  p r o v i n c e  w i l l  r e s u l t  i n  a v a r i a b l e  

t o t a l  d i s s o l v e d  s o l i d s  c o n t e n t  of t h e  h o t  w a t e r .  

Western Snake R i v e r  P l a i n  

S e v e r a l  e x t e n s i v e  the rmal  a r e a s  i n  s o u t h e r n  Idaho a r e  r e l a t e d  t o  t h e  

west-nor thwest  t r e n d i n g  f a u l t  zones p a r a l l e l i n g  t h e  n o r t h  and s o u t h  f l a n k s  

of t h e  w e s t e r n  Snake River  P l a i n  r a t h e r  t h a n  t o  t h e  Bas in  and Range s t r u c t u r e .  

The M t .  Bennet t  H i l l s  t h e r m a l  zone is a n  e x t e n s i v e  a r e a  of h o t  s p r i n g s  and 

w e l l s  which p a r a l l e l  t h e  s o u t h w e s t e r n  f r o n t  of t h e  M t .  Bennet t  H i l l s  e a s t  

of Mountain Home i n  Elmore County. Hot s p r i n g s  i n  t h e  a r e a  s u c h  a s  L a t t y  

Hot S p r i n g s  occur  a t  t h e  i n t e r s e c t i o n  of nor th - sou th  f a u l t i n g  w i t h  t h e  w e s t -  



nor thwes t  t r e n d i n g  f a u l t s  which d e f i n e  t h e  n o r t h e r n  f l a n k  of t h e  wes te rn  

Snake River  P l a i n .  A r t e s i a n  w e l l s  i n  t h e  a r e a  produce h o t  wa te r  from 

sed imenta ry  r o c k s  of t h e  Glenns F e r r y  group of Qua te rnary  Age n e a r  t h e s e  

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

Water from t h e  Walker Well n e a r  L a t t y  Hot S p r i n g s  i n  Elmore County 

0 
produces  63 C wa te r  under a r t e s i a n  p r e s s u r e  from t h e  Glenns F e r r y  Formation.  

The s i l i c a  c o n t e n t  of t h e  wa te r  (134 ppm) i n d i c a t e s  1 5 6 ' ~  t empera tu res  a t  

d e p t h .  The measured s p e c i f i c  conductance of t h e  wa te r  (350 micromhos 

compared w i t h  5 ,600 f o r  t h e  R a f t  R i v e r  w e l l s )  i n d i c a t e s  t h e  low m i n e r a l i z a -  

t i o n  of t h e  w a t e r .  

The Grandview-Oreana-Bruneau the rmal  a r e a  of Owyhee Ccunty i s  a  major 

a r e a  of the rmal  w a t e r  on t h e  s o u t h e r n  f l a n k  of t h e  w e s t e r n  Snake River  P l a i n .  

0 
Thermal w a t e r s  a v e r a g i n g  35-40 C a r e  produced from a  seventy-mile  l o n g  and 

twelve-mile wide f r o n t a l  zone s e p a r a t i n g  t h e  g r a n i t i c  c o r e  of t h e  Owyhee 

Mountains from t h e  Snake R i v e r  P l a i n  p r o p e r .  No w e l l s  i n  t h e  a r e a  have 

encountered s team o r  wa te r  a t  t h e  b o i l i n g  p o i n t .  The maximum tempera tu re  

0 
encounte red  t o  d a t e  was 8 1  C i n  t h e  Forman w e l l  (Sec.  1 9 ,  T 4S, R 2E). The 

maximum tempera tu re  p r e d i c t e d  on t h e  b a s i s  of s i l i c a  c o n t e n t  f o r  t h e  w e l l s  

of t h e  r e g i o n  i s  1 5 0 ' ~  f o r  t h e  Black w e l l  (Sec.  9 ,  T 7S, R 6E).  

On t h e  b a s i s  of c a l c u l a t e d  and observed t empera tu res  t h e r e  i s  no 

i n d i c a t i o n  of t h e  development of medium t o  h i g h  t empera tu re  the rmal  wa te r  

w i t h i n  t h e  wes te rn  Snake R i v e r  P l a i n .  Deeper c i r c u l a t i o n  n e a r  t h e  b a s e  of 

t h e  b a s a l t - l i k e  sediment  f i l l i n g  of t h e  p l a i n  t o  d e p t h s  of 5  km (15,000 

0 
f e e t )  would be s u f f i c i e n t  t o  e x p l a i n  t h e  occur rence  of even 200 C wa te r  with- 

o u t  r e c o u r s e  t o  l o c a l i z e d  i n t e n s e  h e a t  s o u r c e s .  Although t h e  c o n v e n t i o n a l  



power producing p o t e n t i a l  of t h e  a r e a  appea r s  t o  be ex t remely  l i m i t e d ,  

t h e  t o t a l  energy a v a i l a b l e  from t h e  e x t e n s i v e  thermal  anomalies  on bo th  

f l a n k s  of t h e  p l a i n  i s  impre s s ive .  Fu tu r e  deep d r i l l i n g  between p r e s e n t l y  

known a r e a s  of h o t  wate r  w i l l  p o s s i b l y  r e v e a l  a d d i t i o n a l  zones of h o t  

a r t e s i a n  water  a l ong  t h e  f r o n t a l  f a u l t  zones .  The low mine ra l  c o n t e n t  

combined w i t h  t h e  a r t e s i a n  p r e s s u r e  make t h e s e  wa t e r s  i d e a l l y  s u i t e d  f o r  

a g r i c u l t u r a l  purposes .  

The Idaho B a t h o l i t h  

Most of t h e  a r e a  i n  Inaho de s igna t ed  an  AVP by t h e  Fede ra l  govern- 

ment l i e s  w i t h i n  t h e  Idaho B a t h o l i t h .  Hot s p r i n g s  occur  throughout  t h e  

b a t h o l i t h  b u t  a r e  concen t r a t ed  i n  s e v e r a l  a r e a s  such a s  t h e  v a l l e y s  of 

t h e  Middle and South Forks  of t h e  Salmon R ive r ,  t h e  North and Middle Forks  

of t h e  P a y e t t e  River  and t h e  South Fork of t h e  Boise  R ive r .  Within  t h e  

sou the rn  p o r t i o n  of t h e  b a t h o l i t h ,  Worswick Hot Sp r ings  on L i t t l e  Smoky 

Creek n o r t h  of F a i r f i e l d  i n  Camas County (Sec.  28, T  3 N ,  R 14E) was chosen 

f o r  s t u d y  from t h e  compi l a t i on  by Ross (1971).  The s p r i n g s  a r e  s i t u a t e d  

w i t h i n  an a r e a  of approx imate ly  15 a c r e s  of h i g h l y  a l t e r e d  g r a n i t i c  rock .  

The d e p o s i t i o n  of s i l i c a  by t h e  c o o l i n g  wa t e r s  i n  t h e  v i c i n i t y  of t h e  s p r i n g s  

and t h e  s u r f a c e  t empera ture  of t h e  s p r i n g s  (88 '~ )  combine t o  make t h i s  one 

of t h e  more impress ive  h o t  s p r i n g  a r e a s  i n  t h e  b a t h o l i t h .  The s i l i c a  con- 

t e n t  of t h e  wate r  (150 ppm) was t h e  h i g h e s t  recorded d u r i n g  t h e  p r e s e n t  

s t u d y  and i s  h ighe r  t han  any r e p o r t e d  by Ross.  

Bo i l i ng  Sp r ings  and Vulcan Hot Sp r ings  a r e  t h e  b e s t  known of seven- 

t e e n  h o t  s p r i n g s  l o c a t e d  a l ong  t h e  Middle Fork of t h e  P a y e t t e  R ive r  and t h e  



South Fork of t h e  Salmon River  i n  V a l l e y  County. The s p r i n g s  occur  a long  

nor th - sou th  t r e n d i n g  d r a i n a g e s  which appear  t o  be  s t r u c t u r a l l y  c o n t r o l l e d .  

The main d e t r i m e n t  t o  t h e  u t i l i z a t i o n  of t h e  e x t e n s i v e  s p r i n g s  of 

t h e  b a t h o l i t h  f o r  o t h e r  t h a n  r e c r e a t i o n a l  o r  l i m i t e d  space  h e a t i n g  i s  t h e  

absence  of f a v o r a b l e  r e s e r v o i r  c o n d i t i o n s .  The f r a c t u r e d  g r a n i t e  w i t h i n  

f a u l t  zones l a c k s  t h e  p o r o s i t y  r e q u i r e d  f o r  any h i g h  volume u s e  such a s  

power g e n e r a t i o n  even i f  adequa te  t e m p e r a t u r e s  a r e  a t t a i n e d .  The b a t h o l i t h  

does  appear  t o  p r o v i d e  t h e  n e c e s s a r y  environment f o r  t h e  Plowshare t y p e  

of n u c l e a r  s t i m u l a t i o n  and power p roduc t ion  (Gerber ,  1972) .  By means of 

a n  a r r a y  of n u c l e a r  b l a s t s  d e t o n a t e d  a t  a  dep th  of 8 ,000 f e e t ,  a  c a v i t y  of 

f r a c t u r e d  r o c k  would be  c r e a t e d  i n  a n  a r e a  w i t h  a  s u i t a b l e  the rmal  g r a d i e n t .  

Water would be  i n j e c t e d  i n t o  t h e  c a v i t y  where i t  would be  f l a s h e d  t o  s team 

by t h e  n a t u r a l l y  h e a t e d  r o c k s .  P r o d u c t i o n  w e l l s  would be  d r i l l e d  i n t o  t h e  

t o p  of t h e  c a v i t y .  Success  of t h e  p rocedure  would depend on t h e  i d e n t i f i -  

c a t i o n  of l o c a l  a r e a s  w i t h i n  t h e  b a t h o l i t h  which p o s s e s s  a s u i t a b l e  the rmal  

g r a d i e n t  and a n  a d e q u a t e  w a t e r  supp ly  f o r  i n j e c t i o n  i n t o  t h e  h o t ,  d r y  r o c k s .  

The t echnology  n e c e s s a r y  f o r  t h i s  t y p e  of power p r o d u c t i o n  i s  be ing  developed,  

bu t  env i ronmenta l  and economic c o n s i d e r a t i o n s  seem t o  p r e c l u d e  its a p p l i c a t i o n  

f o r  t h e  p r e s e n t  ( e s p e c i a l l y  i n  t h e  South Fork of t h e  Salmon R i v e r ) .  

Conc lus ions  

Based on a  p r e l i m i n a r y  examinat ion of t h e  more promising r e p o r t e d  

h o t  s p r i n g  a r e a s ,  t h e  t o t a l  geothermal  energy a v a i l a b l e  f o r  u t i l i z a t i o n  

i n  Idaho i s  g r e a t ,  b u t  t h e  p o t e n t i a l  f o r  power g e n e r a t i o n  u t i l i z i n g  con- 



v e n t i o n a l  steam hardware is  ve ry  l i m i t e d .  The o r i g i n a l  f i v e  ho t  s p r i n g  

and /o r  ho t  w e l l  a r e a s  i n v e s t i g a t e d  du r ing  t h e  summer of 1971  a l l  have a  

geochemist ry  c h a r a c t e r i s t i c  of ho t  wate r  geothermal  systems w i t h  a  ba se  

0 
t empera ture  of l e s s  t h a n  200 C .  Th i s  f i n d i n g  i s  c o n s i s t e n t  w i t h  t h e  

r e g i o n a l  geo log i c  s i t u a t i o n .  The v a s t  m a j o r i t y  of t h e  ho t  s p r i n g s  i n  

Idaho,  a s  e l sewhere ,  s imply r e f l e c t  a  h ighe r  than  normal r e g i o n a l  h e a t  

f low and deep ground water  c i r c u l a t i o n  pe rmi t t ed  by f a u l t  zones .  Black- 

w e l l  (1969) ha s  used t h e  term " C o r d i l l e r a n  Thermal Anomaly t o  d e s c r i b e  

t h e  "broad c e n t r a l  zone of above average  h e a t  f low i n  t h e  Basin  and Range, 

Northern Rocky Mountain and Columbia P l au t eau  Provinces" .  Heat f low d a t a  

from t h e  Wallace D i s t r i c t  i n  n o r t h e r n  Idaho y i e lded  an  average  v a l u e  of 

2 . 3  HFU (Blackwel l ,  1969) .  Measurements r epo r t ed  sou th  of Murphy Hot 

Sp r ings ,  Owyhee County, i n  nor thernmost  Nevada by Sas s ,  et a l .  (1971),  

y i e l d e d  a  v a l u e  of 3 .76 HFU and a  c a l c u l a t e d  thermal  g r a d i e n t  of 43Oc/km. 

Data from t h e  c e n t r a l  and sou the rn  p o r t i o n s  of Idaho a r e  non -ex i s t en t ,  b u t  

t h e  S t a t e  a p p a r e n t l y  i s  t r a n s v e r s e d  from n o r t h  t o  s o u t h  by t h i s  zone of 

above average  h e a t  f low.  

Deep ground wate r  c i r c u l a t i o n  i n  t h i s  broad r e g i o n  of h igh  f l ow  i s  

0 
s u f f i c i e n t  t o  e x p l a i n  t h e  less than  200 C maximum wate r  t empera tures  pre-  

0 
d i c t e d  by t h e  p r e s e n t  s t udy .  With a  geothermal  g r a d i e n t  of 40 C pe r  km, 

a  maximum dep th  of c i r c u l a t i o n  of 2  t o  3  km would be s u f f i c i e n t  t o  e x p l a i n  

most of t h e  r e g i o n ' s  ho t  s p r i n g s .  The t r u l y  r e g i o n a l  e x t e n t  of the rmal  

wa t e r s  i n  Idaho and t h e i r  v a r i e d  geo log i c  occu r r ences  suppo r t  t h e  conc lu s ion  

t h a t  t h e  v a s t  m a j o r i t y  of I d a h o ' s  ho t  s p r i n g s  can be exp la ined  i n  terms 

of t h e  r e g i o n a l  h e a t  f l ow  and f a u l t  d i s t r i b u t i o n .  The s p r i n g s  a r e  n o t  



a s s o c i a t e d  w i t h  t h e  i n t e n s e ,  nea r  s u r f a c e  h e a t  sou rce s  c h a r a c t e r i s t i c  

of h i g h  tempera ture  geothermal  systems.  



REGIONAL GEOLOGIC FACTORS RELEVANT TO THE 
DISTRIBUTION OF GEOTHERMAL SYSTEMS 

The wide d i s t r i b u t i o n  of r e l a t i v e l y  low t e m p e r a t u r e  h o t  s p r i n g s  

i n  Idaho and t h e  absence  of h i g h  t e m p e r a t u r e  sys tems  i n d i c a t e  t h a t  a  

r a t h e r  r a r e  c o i n c i d e n c e  of g e o l o g i c  c o n d i t i o n s  i s  r e q u i r e d  f o r  t h e  de- 

velopment of a n  a c t i v e ,  moderate  t o  h i g h  t e m p e r a t u r e  geo the rmal  sys tem.  

The second phase  of t h i s  i n v e s t i g a t i o n  invo lved  a  c o n s i d e r a t i o n  of t h e  

g e o l o g i c  c o n d i t i o n s  r e q u i r e d  f o r  t h e  development of t h e s e  i n t e n s e  geo- 

t h e r m a l  sys tems .  

The c l o s e  a s s o c i a t i o n  between geo the rmal  zone a c t i v i t y  and v o l c a n i c  

a c t i v i t y  i s  u n i v e r s a l .  Although t h e r m a l  f l u i d s  may be  d e r i v e d  from s e d i -  

mentary  r e s e r v o i r s ,  t h e  u l t i m a t e  s o u r c e  of t h e  h e a t  i s  c l o s e l y  a s s o c i a t e d ,  

h o t  i g n e o u s  r o c k  o r  magma. The h e a t  exchange between r o c k  and ground w a t e r  

t a k e s  p l a c e  a t  r e l a t i v e l y  s h a l l o w  dep th$  a s  t h e  l a r g e  s c a l e  v e r t i c a l  c i r -  

c u l a t i o n  of w a t e r  i s  l i m i t e d  t o  d e p t h s  of s e v e r a l  m i l e s .  Not a l l  v o l c a n i c  

a c t i v i t y  h a s  a s s o c i a t e d  geothermal  zone development.  The c h a r a c t e r i s t i c  

mode of emplacement o r  e r u p t i o n  of t h e  magma o r  l a v a  v a r i e s  w i t h  i t s  

chemica l  t y p e  and t h i s  mode of e r u p t i o n  d e t e r m i n e s  t h e  p r o b a b i l i t y  of 

geo the rmal  zone development .  B a s a l t i c  e r u p t i o n s  o r i g i n a t e  a t  d e p t h s  g r e a t e r  

t h a n  30 km i n  t h e  upper  m a n t l e ,  and a  r a p i d  upward movement of t h e  r e l a -  

t i v e l y  f l u i d  magma o c c u r s  th rough  f i s s u r e s  t o  t h e  s u r f a c e .  The o r i g i n a l  

h i g h  h e a t  c o n t e n t  of t h e  b a s a l t i c  l a v a  i s  r a p i d l y  d i s s i p a t e d  by s u r f a c e  

e r u p t i o n s ,  and b a s a l t i c  e r u p t i o n s  i n  c o n t i n e n t a l  a r e a s  do n o t  appear  conducive  

t o  geo the rmal  zone development.  



I f  a  h e a t  s o u r c e  benea th  a n  a r e a  of c o n t i n e n t a l  c r u s t  i s  p o t e n t  enough 

t o  c a u s e  magma g e n e r a t i o n  and a s s o c i a t e d  v o l c a n i c  a c t i v i t y ,  t h e  l i k e l i h o o d  

of  geothermal  zone development i s  much g r e a t e r .  Magmas of a n  i n t e r m e d i a t e  

t o  s i l i c i c  composi t ion t h u s  genera ted  a r e  much more l i k e l y  t o  s e r v e  a s  t h e  

n e a r  s u r f a c e  h e a t  s o u r c e  r e q u i r e d ,  and by t h e i r  v e r y  e x i s t e n c e  t h e y  r e f l e c t  

t h e  p resence  of a  n e a r  s u r f a c e  h i g h  thermal  g r a d i e n t .  Within  ocean b a s i n s ,  

a n  i n t e n s e  the rmal  g r a d i e n t  may extend t o  t h e  s u r f a c e  w i t h o u t  a s s o c i a t e d  

s i l i c i c  vo lcan i sm s imply because  t h e r e  i s  no c o n t i n e n t a l  m a t e r i a l  t o  m e l t .  

Such i s  t h e  s i t u a t i o n  a t  I c e l a n d  which i s  u n d e r l a i n  by t h e  h i g h  h e a t  f l o w  

of t h e  Mid-Atlant ic  R i s e .  I n  c o n t i n e n t a l  a r e a s  t h e  i n t e n s e ,  l o c a l i z e d  thermal  

anomal ies  which d r i v e  t h e  convec t ion  c e l l s  of h i g h  t empera tu re  geothermal  

sys tems w i l l  be  un ique ly  a s s o c i a t e d  w i t h  c r u s t a l  magma g e n e r a t i o n  and a s s o -  

c i a t e d  s i l i c i c  vo lcan i sm.  

S i l i c i c  p lu ton i sm o r  vulcanism i n  a  l o c a l i t y  c o n s t i t u t e  no g u a r a n t e e  

of a  p r e s e n t l y  a c t i v e  geothermal  zone a s  t h e  h e a t  may a l r e a d y  have been 

d i s s i p a t e d  and t h e  c o n v e c t i o n  c e l l  r e s p o n s i b l e  f o r  t h e  h e a t  d i s s i p a t i o n  may 

have ceased t o  f u n c t i o n .  Most i n t e n s e  geothermal  f i e l d s  a r e  normal ly  asso-  

c i a t e d  w i t h  p r e s e n t l y  a c t i v e  vo lcanoes  o r  v o l c a n i c  f i e l d s  t h a t  have been 

a c t i v e  d u r i n g  r e c e n t  t ime.  

Not on ly  must a  p o t e n t  h e a t  s o u r c e  be a v a i l a b l e ,  b u t  i t  must be ac- 

c e s s i b l e  t o  r e l a t i v e l y  sha l low c o n v e c t i v e  ground w a t e r  c i r c u l a t i o n .  F a u l t s  

p r o v i d e  t h e  avenues  f o r  t h e  c i r c u l a t i o n  r e q u i r e d ,  and t h e r e  is  c o n s i d e r a b l e  

e v i d e n c e  t o  i n d i c a t e  t h a t  t h e  f a u l t i n g  must b e  a c t i v e  i n  o r d e r  t o  m a i n t a i n  

t h e  p e r m e a b i l i t y  r e q u i r e d .  Nicho ls  (1970) h a s  no ted  t h e  " s e l f - s e a l i n g "  

e f f e c t  of p r e c i p i t a t i o n  from thermal  s o l u t i o n s  i n  f a u l t s  of t h e  P a t h e  Geo- 



thermal  Zone, Hidalgo,  Mexico. Carbonate  m i n e r a l s  tend t o  p r e c i p i t a t e  d u r i n g  

t h e  de scen t  and warming of ground wate r  on t h e  margins  of a  the rmal  zone and 

s i l i c a t e  m ine ra l s  tend t o  form du r ing  t h e  a s c e n t  and coo l i ng  of water  w i t h i n  

t h e  zone. I n v e s t i g a t i o n s  of major geothermal  zones have shown them t o  be t h e  

l o c u s  of i n t e n s e  microse i smic  a c t i v i t y  (Clacey, 1968; Hamilton and Muf f l e r ,  

1972; Tobin,  e t  a l . ,  1969; and Ward and Bjornsson,  1971) .  The cause  and 

e f f e c t  n a t u r e  of t h e  r e l a t i o n s h i p  between microseismic a c t i v i t y  and geothermal  

zone development is  n o t  c l e a r l y  unders tood a t  t h i s  t ime ,  bu t  t h e  a s s o c i a t i o n  

h a s  been v a r i f i e d  t o  t h e  e x t e n t  t h a t  t h e  f i e l d  r e co rd ing  of microse i smic  

a c t i v i t y  appea r s  t o  have c o n s i d e r a b l e  p o t e n t i a l  i n  t h e  v e r i f i c a t i o n  of t h e  

e x i s t e n c e  and l a t e r a l  e x t e n t  of geothermal  zones .  

An a p p l i c a t i o n  of t h e s e  geo log i c  requ i rements  f o r  h igh  tempera ture  

geothermal  zone development t o  t h e  geo log i c  s i t u a t i o n  i n  Idaho e x p l a i n s  t h e  

observed absence of h igh  tempera ture  phenomena i n  much of t h e  S t a t e .  The 

wes t e rn  Snake River  P l a i n  i s  dominated by b a s a l t i c  volcanism.  The youngest  

d a t e d  s i l i c i c  r o c k s  i n  t h e  a r e a  have a  K / A r  age  of 9  t o  1 3  m.y. (Armstrong, 

1971) .  The pr imary emplacement of t h e  Idaho B a t h o l i t h  occur red  du r ing  Cre- 

t a ceous  t ime (100 m.y. B.P.) .  More r e c e n t  " thermal  even ts ' '  have occur red  

i n c l u d i n g  emplacement of s i l i c i c  rock of T e r t i a r y  Age b u t  none of t h i s  ac- 

t i v i t y  appea r s  t o  have occur red  d u r i n g  l a t e  P l e i s t o c e n e  o r  Recent t ime .  

The s i t u a t i o n  i n  t h e  e a s t e r n  Snake River  P l a i n s  and Basin  and Range 

Prov ince  i s  more complex. S i l i c i c  v o l c a n i c  r ocks  have been mapped i n  Car i -  

bou County by Mansf ie ld  (1921) who be l i eved  they  were e q u i v a l e n t  i n  age  t o  

t h e  r h y o l i t i c  e r u p t i v e  rocks  of t h e  I s l a n d  Park  a r e a .  The e r u p t i o n s  of rhyo- 

l i t e  i n  t h e  v i c i n i t y  of t h e  I s l a n d  Park  Ca lde r a  have been a s s igend  a  Quater-  



nary  Age by Hamilton (1965). They a r e  t h e  youngest knm s i l i c i c  vo lcan ic  

rocks bn Idaho. This  presence of young r h y o l i t i c  volcanism and microseis-  

mic a c t i o n  i n  e q s t e r n  Idaho i n d i c a t e s  a f avo rab l e  environment f o r  geothermal 

zone development, The absence of r epo r t ed  high temperature  geothermal pheno- 

mena i n  t h e s e  a r e a s  must be explained i f  t h e  geothermal p o t e n t i a l  i s  t o  be 

s e r i o u s l y  oonsidered.  Two p o s s i b i l i t i e s  e x i s t  - e i t h e r  t h e  s u r f a c e  i n d i c a t i o n s  

a r e  p re sen t  bu t  no t  r e p a r t e d  i q  t h e  l i t e r a t u r e  o r  they  may be p re sen t  a t  

shal low depth  bu t  masked by near  s u r f a c e  ground water  cond i t i ons .  



HOT WATER USE IN IDAHO 

RecognizPng the widespread use of hbt water in Idaho for recrea- 

tional and commercial use, a purvey was conducted in August, 1971, to 

determine the magnitude of present hot water use and the economic im- 

portance to the State. 

The report by Ross (1971) on Geothermal Potential in Idaho lists 

over 200 known geothermal sites within the State whichare or have been 

used for recreation and seven developments for home heating or commer- 

cial use. Most of the uses other than ~ecreational were listed as green- 

house developments with only two large scale developments for home heating 

purposes. 

In the current survey, 35 developments were visited and manageria{ 

personnel or owners were interviewed. Figure 3 shows the locations within 

the State of the hot water development interviewed as well as the develop- 

ments indicated by Ross's report. Table 2 gives identifying facility 

number and location. 

Some of the recreational sites had been abandoned or were used very 

little with no maintenance. In general the recreation oriented developments 

are seasonal and many are family enterprises. Table 3 lists the infor- 

mation obtained by interview with managers or owners. Some owners were 

reluctant tio divulge information on their developments. 

The recreation oriented developments are generally older facilities, 

some having been in use in the late 1800's. The average number of years 

in operation for the developmentp interviewed was about 46 years. Capital 
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Tab le  2: L o c a t i o n  and Name of Geothermal Developments 

Number of F a c i l i t y  Name County 
-- 

Royal C a t f i s h  I n d u s t r i e s ,  I n c .  

Mrs. Cranks-Raft  R i v e r  

Clarendon Hot S p r i n g s  

Brand ts  Hot Springs-Ketchum 

Hiawatha H o t e l ,  H a i l e y  H.S. 

I n d i a n  Hot S p r i n g s ,  I n c .  

M i r a c l e  Hot S p r i n g s  

Nat-Soo-Pah 

Banbury Hot S p r i n g s  

~ l i g a r  ' s 

E a s l e y  S t o r e  & Plunge 

Ogkley Hot S p r i n g s  

Ward's Greenhouse 

Badley Hot S p r i n g s  

S u l l i v a n ' s  

White L i c k s  Baths  & Camping 

S h a r k i e s  Hot S p r i n g s  

Cascade C i t y  Poo l  

H e a l t h  Spa Hot S p r i n g s  

Salmon Hot S p r i n g s  

Haven Lodge (Lowman) 

Rigg ins  Hot S p r i n g s  

South Fork Plunge 

Frank Garc ie  

C h a l l i s  Hot S p r i n g s  

Warm S p r i n g s  R e s o r t  

Robinson Bar 

Givens Hot S p r i n g s  

S i l v e r  S p r i n g s  Plunge 

Twin F a l l s  

C a s s i a  

B l a i n e  

B l a i n e  

B l a i n e  

Power 

Twin F a l l s  

Twin F a l l s  

Twin F a l l s  

Twin F a l l s  

B l a i n e  

C a s s i a  

Boise  

Va l ley  

C u s t e r  

Idaho 

Lemhi 

V a l l e y  

Gem 

Lemhi 

Boise  

Idaho 

V a l l e y  

Ad a m s  

Cus t e r  

Boise  

cus ter  

Owyhee 

V a l l e y  



Table  2 ( con t  .) 

Number of F a c i l i t y  Name County 

Red River  Hot S p r i n g s  

Z i m s  R e s o r t  

T e r r a c e  Lakes 

B e i s e  Hot S p r i n g s ,  I n c .  

Lava Hot Spr ings  

S t a n l e y  Hot S p r i n g s  

Idaho 

Adams 

Boise  

J e f f e r s o n  

Bannock 

C u s t e r  



Tab le  3. Geothermal Development i n  Idaho--Hot Water Uses 

Number of Type of Years i n  T o t a l  C a p i t a l  Length of No. of Water 
F a c i l i t y  County Development Operat  i o n  Investment  Season Employees supp ly  

(months) 

1 Twin F a l l s  
2 Cassia 
3 B la ine  
4 B la ine  
5 B la ine  
6 Power 
7 Twin F a l l s  
8 Twin F a l l s  
9 Twin F a l l s  

1 0  Twin F a l l s  
11 Bla ine  
1 2  Cassia 
1 3  Boise  
14  Va l l ey  
1 5  Cus ter 
16 Idaho 
17 Lemhi 
18  Va l l ey  
19  Gem 
20 Lemhi 
21  Boise  
2 2 Idaho 
2 3 Va l l ey  
2 4 Adams 
2 5 Cus t e r  
2 6 Boise  
2 7 Cus t e r  
28 Owyhee 
2 9 V a l l e y  
30 Idaho 
3 1 Adams 
32 Boise  
3 3 J e f f e r s o n  

0 34 m Bannock 
3 5 Cus ter 
* E s t i m a t e  

C a t f i s h  farming 1 . 5  
A g r i c u l t u r e  3 
Resort 30-40 
Home h e a t i n g  & pool  44 
Pool  5 6 
Resor t  5 6 
Hea l t h  Spa 1 3  
Reso r t  4 2 
Reso r t  5 1 
Reso r t  16  
Reso r t  30-40 
Hea l t h  & Reso r t  5 
Greenhouse 3 
(abandoned) 
( c l o sed )  
Baths  & camping ? 
Pool  1800 ' s 
Pool  1950 s 
Pool  
Resor t  2 8 
Swimming & home h e a t  15  
Hea l t h  r e s o r t  9 0 
F o r e s t  Campground ? 
Pool  l o*  
Reso r t  8 3 
Reso r t  1800 ' s 
Resor t  1800 ' s 
Poo l  20-30* 
Reso r t  15  
Resort 68 
Reso r t  44 
Reso r t  3 
Reso r t  7 2 
Reso r t  & Heal th  Spa 68 
Pool  1800 ' s 

$ 20,000 
70,000 

100,  ooo* 
100,000 

68,000* 
750,000 

52,000 
70, OOO* 
70,000* 

100,000* 
60,000 
35,000 
12 ,  ooo* 

1 ,000  
2,  OOO* 
6,000* 

1 0 ,  OOO* 
~ 0 0 , 0 0 0  

70, OOO* 
135,000 

30,000* 
35,  OOO* 
25,000* 

120, OOO* 
90,000 
60,000* 

100,000 
50,000 

120 ,000  
150,  000* 
150,000 

1 ,500 ,000 .  . . 

2,000" 

12  
9 

12  
12  
1 2  

5 
1 2  

6 
5 
8 
3.5 

1 2  
12  

Summer 
Summer 

Summer 
Summer 

1 2  

12  

12  

5 
6 

1 2  
12  
12  
12  

Summer 

1800gpm @42? 
126gpm @lOgOc 
lOOgpm @520C 
750gpm @830C 
lOOgpm @580C 

2000+gpm @320C 
300gpm @540C 

@370C 
600gpm @550C 
120gpm @740C 

90gpm @370C 
lOgpm @46 C 

300gpm 
40gpm ~ 3 8 : ~  

200gpm @410C 
35gpm @68 C 

75gpm @66-74'~ 
400gpm 

75gpm @5a0c 
5ogpm @42;50°c 

@540C 
6lgpm @320C 

1500gpm-@510C 
300gpm @430C 

40gpm @530C 
35gpm @450C 

450gpm @39 C 
2Ogpm @54-63:~ 

lOOgpm @63-66 C 



inves tment  ranged from p r a c t i c a l l y  n o t h i n g  t o  $1,500,000 a t  t h e  Lava Hot 

Spr ings  r e s o r t  i n  s o u t h e a s t e r n  Idaho.  The c a p i t a l  investment  f o r  s e v e r a l  

of t h e  r e s o r t s  was e s t i m a t e d  i n  c a s e s  where t h e  owners were n o t  a v a i l a b l e  

o r  were  r e l u c t a n t  t o  g i v e  e s t i m a t e s .  A t o t a l  of $4,263,000 i n  c a p i t a l  i n -  

ves tment  was e s t i m a t e d  f o r  t h e  33 o p e r a t i n g  developments i n c l u d i n g  t h e  home 

h e a t i n g  and a g r i c u l t u r a l  developments.  About 60 p e r c e n t  of t h e  s i t e s  i n -  

v e s t i g a t e d  were y e a r  round e n t e r p r i s e s  w i t h  t h e  r e s o r t  a r e a s  a d j a c e n t  t o  

w i n t e r  s p o r t s  developments o r  more populous a r e a s .  A t o t a l  of 120 peop le  

were employed e i t h e r  f u l l - t i m e  o r  p a r t - t i m e  a t  t h e  33 f a c i l i t i e s  r e p o r t i n g .  

Some r e s o r t s  were  f a m i l y  e n t e r p r i s e s ,  and t h e  t o t a l  number of employees 

inc luded  s e v e r a l  members of a  fami ly .  It i s  e s t i m a t e d  t h a t  t h e s e  e s t a b -  

l i s h m e n t s  p r o v i d e  a b o u t  90 man-years of employment i n  t h e  S t a t e .  No es- 

t i m a t e s  cou ld  b e  made of t h e  t o t a l  annua l  income f o r  a l l  r e p o r t i n g  develop- 

ments. 

E igh teen  of 24 e s t a b l i s h m e n t s  i n d i c a t e d  t h a t  t h e  p r e s e n t  w a t e r  supply  

was a d e q u a t e  f o r  expans ion .  However, some i n d i c a t e d  t h a t  r e c e n t  r e s t r i c t i o n s  

by t h e  Idaho S t a t e  Department of H e a l t h  and Environmental  P r o t e c t i o n  on 

c h l o r i n a t i o n  of p u b l i c  swimming p o o l s  would h i n d e r  o r  p r e v e n t  any expansion 

of f a c i l i t i e s .  T h i r t e e n  of 27 r e p o r t i n g  d i s t r i c t s  i n d i c a t e d  p l a n s  t o  ex- 

pand o r  improve f a c i l i t i e s  i n  t h e  n e a r  f u t u r e .  Water s u p p l i e s  f o r  e x i s t i n g  

f a c i l i t i e s  ranged from 1 0  gpm t o  2,000 gpm and ranged i n  t empera tu re  from 

37O t o  10oOc. 

It i s  recognized  t h a t  n o t  a l l  of t h e  r e c r e a t i o n a l  and commercially 

developed h o t  wa te r  s o u r c e s  were v i s i t e d  i n  t h i s  s t u d y .  However, 37 sites 

were surveyed and t h e  r e s u l t s  r e p o r t e d  on 35 l o c a t i o n s .  The m a j o r i t y  of 



t h e  l a r g e r  r e c r e a t i o n a l  developments  were i n v e s t i g a t l e d .  R o s s ' s  r e p o r t  

l i s ts  f o u r  known development f o r  home h e a t i n g  and t h r e e  f o r  greenhouse  

u s e .  Only one f a c i l i t y ,  Bald Mountain Hot S p r i n g s  which i s  used t o  h e a t  

50-55 homes and s u p p l y  a p u b l i c  p o o l ,  was e v ~ l u a t e d  i n  t h i s  s t u d y .  The 

o t h e r  major  development f o r  s p a c e  h e a t i n g  i s  i n  t h e  C i t y  of B o i s e  where 

200 houses  and 10-12 b u s i n e s s e s  a r e  h e a t e d  from a supp ly  of 1 , 2 0 0 , 0 0 0  gpd 

of 1 7 0 ' ~  w a t e r .  ( T h i s  i s  r e p o r t e d  i n  t h e  -- Journa?  of t h e  West, "Heat from 

t h e  E a r t h ' s  S u r f a c e :  E a r l y  development of w e s t e r n  geo the rmal  r e s o u r c e s , "  

by Mer le  W .  Wel l s ,  1 9 7 1 . )  S e v e r a l  s m a l l e r  uses of h a t  wa te r  a r e  known t o  

b e  o p e r a t i n g  i n  c o n j u n c t i o n  w i t h  r e c r e a t i o n a l  u s e s .  Greenhouse developments  

a r e  i n  o p e r a t i o n  on a commercial  b a s i s  i n  t h e  C i t y  of Bo ise ,  n e a r  Garden 

V a l l e y  i n  Boise  County,  and i n  C a s s i a  County n e a r  B r i d g e .  Tomatoes and c u t  

f l o w e r s  a r e  t h e  u s u a l  c r o p s  f o r  t h e s e  development .  

Many h o t  w a t e r  w e l l s  which a r e  used  f o r  o n l y  i r r j g a t i o n  have  been 

d r i l l e d  i n  Owyhee and Elmore C o u n t i e s  and t h e i r  v a l u e  a s  h o t  w a t e r  s o u r c e s  

a t  t h i s  t ime  i s  s m a l l  o r  t h e  h o t  w a t e r  may be  a h i n d r a n c e  t o  i r r i g a t i o n  i n  

some c a s e s .  However, t h e  p o t e n t i a l  f o r  u s e  i n  s p a c e  h e a t i n g  i s  g r e a t  and 

t h e  development of greenhouse f a c i l i t i e s  shou ld  i n c r e a s e  a s  t h e  demand f o r  

a g r i c u l t u r a l  p r o d u c t s  amenable t o  <q-eenh?use c u l t u r e  i n c r e a s e s .  The u s e  of  

h o t  w a t e r  f o r  y e a r  round p r o d u c t i o n  of c e r t a i n  s p e c i e s  of f i s h  i s  now b e i n g  

p r a c t i c e d  n e a r  Twin F a l l s  and p l a n s  f o r  a d d i t i o n a l  expans ion  a r e  underway. 

With a c o l d  wa te r  s o u r c e ,  t r o u t  can  be  grown i n i t i a l l y  and c a t f i s h  o r  o t h e r  

warm w a t e r  s p e c i e s  can  b e  grown i n  t h e  t a i l v i a t e r  fro111 t h e  t r o u t  f a c i l i t y  supp le -  

mented o r  warmed by a h o t  w a t e r  s o u r c e .  S e v e r a l  owners of h o t  w a t e r  s o u r c e s  

i n  t h e  Bruneau-Grandview a r e a  have  e x p r e s s e d  a n  i n t e r e s t  i n  t h i s  t y p e  of 



development. Add i t i ona l  expansion of t h e  h e a l t h  spa type of development 

can be expected.  Severa l  f a c i l i t i e s  now a d v e r t i s e  a s  h e a l t h  spas  and wi th  

t h e  growth of tourism and r e s o r t  developments, t h i s  type of a c t i v i t y  should 

i nc rease .  

It i s  es t imated  t h a t  a t  t h i s  t ime,  t h e  c a p i t a l  investment i n  n a t u r a l  

h o t  water r e l a t e d  f a c i l i t i e s  amounts t o  i n  excess  of $5,000,000 and provides  

f u l l  o r  par t - t ime  employment f o r  150 o r  more persons .  



CONCLUSIONS AND RECOFDIENDATIONS 

The b r i e f  g e o l o g i c a l  e v a l u a t i o n  i n d i c a t e s  t h a t  t h e  power p roduc ing  

p o t e n t i a l  of t h e  w e s t e r n  Snake R i v e r  P i a i n  and t h e  Idaho B a t h o l i t h  does  

n o t  appear  t o  be s i g n i f i c a n t  i n  t e rms  of c o n v e n t i o n a l  g e n e r a t i n g  t e c h n i q u e s .  

The p o t e n t i a l  of t h e  Bas in  and Range P r o v i n c e  and t h e  e a s t e r n  Snake R i v e r  

P l a i n  a l s o  a p p e a r s  t o  b e  minimal i n  t e r m s  of p r e v i o u s l y  r e p o r t e d  s u r f a c e  

m a n i f e s t a t i o n s .  These l a t t e r  a r e a s  a s  p v i r ~ t r c i  o u ~  in che d a t a  of t h i s  

r e p o r t  do a p p e a r  t o  b e  a  more f a v o r a b l e  g e o l c g i c  environment f o r  t h e  geo- 

t h e r m a l  zone development .  I t  i s  e n t i r e l y  p o s s i b l e  t h a t  l o c a l  d e t a i l e d  

g e o l o g i c a l ,  geochemical  and g e o p h y s i c a l  i n v e s t i g a t i o n s  i n  s e l e c t e d  a r e a s  

of e a s t e r n  Idaho may r e v e a l  geo the rmal  zones .  More d e t a i l e d  g e o l o g i c  i n -  

v e s t i g a t i o n  and a  d r i l l i n g  program w i l l  b e  n e c e s s a r y  t o  f u r t h e r  d e f i n e  t h e  

geo the rmal  por. ,, p o t e n t i a l .  

A v e r y  l i m i t e d  s t u d y  of t h e  l e g a l  problems and t h e  p a s s a g e  of  a  new 

a d m i n i s t r a t i v e  s t a t u t e  f o r  a d m i n i s t e r i n g  geo the rmal  pc 3r development i n d i -  

c a t e s  much need f o r  f u r t h e r  r e s e a r c h .  

The i n v e s t i g a t i o n  of h o t  w a t e r  u s e s  h a s  r e v e a l e d  some i n t e r e s t i n g  i n -  

f o r m a t i o n .  X e c r e a t i o n a l  u s e s  a t  h o t  s p r i n g  r e s o r t s  appear  t o  b e  somewhat 

d e p r e s s e d .  Many of t h e  s i t e s  have n o t  made improvements t o  keep up w i t h  

t h e  d e s i r e s  and needs  c f  t h e  p e o p l e .  A c o n s t r a i n t  i n  f u r t h e r  development 

i s  t h e  r e q u i r e m e n t  of c h l o r i n a t i o n  of t h e  h o t  w a t e r  used by t h e  p u b l i c  f o r  

swimming o r  a s  a  h e a l t h  s p a .  There  were i n d i c a t i o n s  i n  t h e  s u r v e y  of i n -  

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



An a r e a  of h o t  wa te r  u s e  t h a t  a p p e a r s  t o  have much more p o t e n t i a l  

i s  f o r  home h e a t i n g  and commercial greenhouse c u l t u r e  of food and f l o w e r s .  

A v e r y  new u s e  t h a t  h a s  r e c e n t l y  shown promise  i s  u s i n g  h o t  w a t e r  t o  mix w i t h  

o t h e r  w a t e r s  i n  r a i s i n g  c a t f i s h .  More development and economic i n f o r m a t i o n  

should be  sought  t o  f u r t h e r  e x p l o i t  t h e s e  new u s e s  of h o t  wa te r  i n  Idaho.  

The Water Resources  Research I n s t i t u t e  w i l l  welcome f u t u r e  oppor- 

t u n i t i e s  t o  s t u d y  more s p e c i f i c  f a c e t s  of t h e  r e s e a r c h  problems t h a t  w i l l  

need t o  be so lved  b e f o r e  a  geothermal power i n d u s t r y  i s  developed w i t h i n  

Idaho.  

For t h e  u s e  of f u t u r e  i n v e s t i g a t i o n s  and p a r t i c u l a r l y  t o  t h e  b e n e f i t  

of t h e  Geothermal Water Subcommittee of t h e  Idaho S t a t e  Ground Water Com- 

m i t t e e ,  t h e  b i b l i o g r a p h y  of t h i s  r e p o r t  i s  p r e s e n t e d  a s  a  working t o o l .  
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