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SUMMARY 

Geo the rma l  Resource  A rea  10 i n c l u d e s  a l l  o f  t h e  l a n d  i n  
L i n c o l n  County,  Nevada. W i t h i n  t h i s  a r e a  a r e  10 known g e o t h e r m a l  
anoma l ies :  C a l i e n t e  Ho t  S p r i n g s ,  Panaca Warm S p r i n g s ,  Delume's  
S p r i n g s ,  F l a t n o s e  Ranch S p r i n g ,  H i k o  S p r i n g s ,  C r y s t a l  S p r i n g s ,  Ash 
S p r i n g s ,  Geyser Ranch S p r i n g s ,  Hammond Ranch S p r i n g s ,  Sand 
S p r i n g s ,  and B e n n e t t ' s  S p r i n g s .  

The g e o t h e r m a l  r e s o u r c e  i n  L i n c o l n  County, t h o u g h  somewhat 
l i m i t e d ,  has some p o t e n t i a l  f o r  development .  A l l  o f  t h e  known 
g e o t h e r m a l  a r e a s  have measured t e m p e r a t u r e s  o f  l e s s  t h a n  160"  F. 
Mos t  have t e m p e r a t u r e s  o f  l e s s  t h a n  100' F. Because o f  t h e  l o w  
t e m p e r a t u r e  of  t h e  r e s o u r c e  and, f o r  t h e  most p a r t ,  t h e  d i s t a n c e  
o f  t h e  r e s o u r c e  f r o m  any p o p u l a t i o n  base, t h e  p o t e n t i a l  a p p l i c a -  
t i o n  t y p e s  a r e  somewhat r e s t r i c t e d .  

Two of t h e  10 s i t e s  have s i g n i f i c a n t  p o t e n t i a l  i n  r e l a t i o n  t o  
l o c a l  e n e r g y  and economic r e q u i r e m e n t s .  C a l i e n t e  has a l r e a d y  p a r -  
t i a l l y  d e v e l o p e d  t h e  r e s o u r c e  l o c a t e d  under  t h e  community,  I t  i s  
now s u p p l y i n g  some h o t  w a t e r  and space h e a t i n g  needs f o r  a t r a i l e r  
c o u r t ,  s e v e r a l  homes, and a h o s p i t a l .  The e n e r g y  a l r e a d y  o n - l i n e  
i n  C a l i e n t e  i s  m a k i n g  a s i g n i f i c a n t  i m p a c t  on t h e  economic base o f  
t h e  commun i t y  and d e c r e a s i n g  t h e  demand f o r  c o n v e n t i o n a l  e n e r g y  
r e s o u r c e s .  Recen t  s t u d i e s  have i n d i c a t e d  t h e  t e c h n i c a l  and eco- 
nomic f e a s i b i l i t y  o f  i n s t a l l i n g  a d i s t r i c t  space h e a t i n g  system. 
I f  such a sys tem were deve loped ,  i t  c o u l d  o n l y  i n c r e a s e  t h e  eco- 
nomic b e n e f i t s  r e c e i v e d  f r o m  t h i s  a l t e r n a t i v e  e n e r g y  r e s o u r c e .  

Ash S p r i n g s  has a l r e a d y  been d e v e l o p e d  i n t o  a r e c r e a t i o n a l  
area. Because o f  t h e  h i g h  f l o w  r a t e  and t h e  adequa te  w a t e r  tem- 
p e r a t u r e  o f  t h e  r e s o u r c e ,  prawn o r  f i s h  f a r m i n g  may have good 
p o t e n t i a l  a t  t h i s  s i t e .  

The d e v e l o p m e n t  o f ,  t h e  g e o t h e r m a l  r e s o u r c e s  i n  L i n c o l n  
C o u n t y  c o u l d  c o n t r i b u t e  t o  a s i g n i f i c a n t  s a v i n g s  o f  f o s s i l  f u e l  
e n e r g y  and p o t e n t i a l l y  b r o a d e n  t h e  economic base o f  t h e  c o u n t y .  
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I . INTRODUCTION 

Geo the rma l  Resource  A r e a  10 encompasses a l l  t h e  l a n d  a reas  o f  
L i n c o l n  County.  T h e r e  a r e  10 known g e o t h e r m a l  a n o m a l i e s  i n  t h i s  
a r e a  w h i c h  a r e  addressed  i n  t h i s  p l a n :  C a l i e n t e  Ho t  S p r i n g s ,  
Panaca Warm S p r i n g s ,  F1 a t n o s e  Ranch S p r i n g s ,  H i k o  S p r i n g s ,  C r y s t a l  
S p r i n g s ,  Ash S p r i n g s ,  Geyser Ranch S p r i n g s ,  Hammond Ranch S p r i n g s ,  
Sand S p r i n g s ,  and B e n n e t t ' s  S p r i n g s .  

The p u r p o s e  o f  t h i s  document i s  t o  p r o v i d e  p u b l i c  and p r i v a t e  
d e c i s i o n  makers w i t h  i n f o r m a t i o n  t h a t  w i l l  f a c i l i t a t e  t h e  d e v e l o p -  
ment o f  t h e  v a r i o u s  g e o t h e r m a l  r e s o u r c e s  f o u n d  i n  L i n c o l n  C o u n t y  
( F i g u r e  4 ) .  To f u r t h e r  t h i s  g o a l ,  t h i s  A r e a  Development  P l a n  was 
p r e p a r e d  t o  p r o v i d e  i n f o r m a t i o n  a b o u t  t h e  g e o t h e r m a l  r e s o u r c e ,  t h e  
p h y s i c a l  and s o c i o - e c o n o m i c  s e t t i n g  o f  L i n c o l n  County,  and t h e  
p o t e n t i a l  f o r  d e v e l o p i n g  v a r i o u s  uses o f  t h e s e  u n d e r - u t i l i z e d  
r e s o u r c e s .  

T h i s  r e p o r t  has been d i v i d e d  i n t o  t h r e e  m a j o r  s e c t i o n s  t o  en- 
a b l e  t h e  r e a d e r  t o  more e a s i l y  i n t e r p r e t  t h e  i n f o r m a t i o n  p r e s e n t -  
ed. The f i r s t  s e c t i o n  d e s c r i b e s  L i n c o l n  C o u n t y  i n  t e r m s  o f  i t s  
p h y s i c a l  and s o c i o - e c o n o m i c  c h a r a c t e r i s t i c s .  The second s e c t i o n  
d e s c r i b e s  t h e  r e s o u r c e  i t s e l f  based upon t h e  b e s t  c u r r e n t l y  a v a i l -  
a b l e  i n f o r m a t i o n .  The t h i r d  s e c t i o n  d e s c r i b e s  t h e  p o t e n t i a l  uses  
f o r  t h e  r e s o u r c e s  based on a s t u d y  o f  t h e  g e o t h e r m a l  r e s o u r c e  
c h a r a c t e r i s t i c s ,  l a n d  use, and v a r i o u s  o t h e r  f a c t o r s .  
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11. THE AREA u 
P 

A e Phys i c a1 Char a c t  e r  i s t i c s  

l e  L o c a t i o n  and R e l i e f  

rlp 
' L i n c o l n  C o u n t y  i s  l o c a t e d  i n  s o u t h e a s t e r n  Nevada and has a 

t o t a l  l a n d  a r e a  o f  10,649 s q u a r e  m i l e s .  I t  i s  t h e  t h i r d  l a r g e s t  
s c o u n t y  i n  t h e  s t a t e  c o n t a i n i n g  a b o u t  t e n  p e r c e n t  o f  t h e  t o t a l  l a n d  

area. 
The c o u n t y  i s  b o r d e r e d  on t h e  n o r t h  b y  W h i t e  P i n e  County;  on  

t h e  e a s t  b y  t h e  S t a t e  o f  Utah; on t h e  s o u t h  b y  C l a r k  County;  and 
on t h e  e a s t  b y  Nye C o u n t y  ( F i g u r e  2 ) .  

L i n c o l n  C o u n t y  i s  c h a r a c t e r i z e d  b y  a l t e r n a t i n g ,  l i n e a r  moun- 
t a i n s  and v a l l e y s .  The l a r g e s t  o f  t h e  m o u n t a i n  r a n g e s  i n c l u d e  t h e  
W o r t h i n g t o n  Range, W i l s o n  Creek Range, Delmar Range, C l o v e r  Range, 
t h e  Groom Range, Creek Range, and t h e  Mormon M o u n t a i n s .  The l a r -  
g e s t  o f  t h e  v a l l e y s  i n c l u d e  Cave V a l l e y ,  Lake  V a l l e y ,  Dry Lake  
V a l l e y ,  T u l e  D e s e r t ,  Kane S p r i n g s  V a l l e y ,  P a h r a n a g a t  V a l l e y ,  and 
T i k a b o o  V a l l e y .  The r a n g e  o f  e l e v a t i o n  i n  L i n c o l n  C o u n t y  v a r i e s  
f r o m  a h i g h  o f  8,850 f e e t  a t  W o r t h i n g t o n  Peak i n  t h e  W o r t h i n g t o n  

Range t o  a l o w  of  a b o u t  1,900 f e e t  i s  f o u n d  e a s t  o f  t h e  Mormon 
M o u n t a i n s  i n  t h e  T u l e  Wash area. 
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2. C l i m a t i c  C o n d i t i o n s  

Q 
The c l i m a t i c  c o n d i t i o n s  i n  L i n c o l n  C o u n t y  a r e  q u i t e  v a r i a b l e  

due t o  t h e  l a r g e  p h y s i c a l  s i z e  and t h e  r e l i e f  o f  t h e  area.  De- 
t a i l e d  c l i m a t o l o g i c a l  i n f o r m a t i o n  i s  a v a i l a b l e  f o r  L i n c o l n  C o u n t y  
o n l y  a t  t w o  m e t e o r o T o g i c a 1  r e c o r d i n g  s t a t i o n s :  P i o c h e ,  e l e v a t i o n  
6,120 f e e t ;  and C a l i e n t e ,  e l e v a t i o n  4,404 f e e t .  T a b l e s  1 and 2 
g i v e  a d e t a i l e d  c l i m a t o l o g i c a l  summary f o r  each o f  t h e s e  s i t e s .  

The c l i m a t e  o f  L i n c o l n  C o u n t y  i s  e s s e n t i a l l y  a r i d  w i t h  h o t  
summers and c o o l  w i n t e r s ,  The c o n t i n e n t a l  t y p e  o f  c l i m a t e  i s  a f -  
f e c t e d  b y  t h e  d i s t a n t  S i e r r a  Nevada Range t o  t h e  wes t  and t h e  

cc) 

qii 
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Y 
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Rocky M o u n t a i n s  t o  t h e  e a s t .  P a c i f i c  s t o r m s  mov ing  west t o  e a s t  

must pass o v e r  t h e  S i e r r a s  b e f o r e  r e a c h i n g  L i n c o l n  County.  As 
m o i s t  a i r  r i s e s  i t  c o o l s  and l o s e s  much o f  i t s  m o i s t u r e .  As t h e  
a i r  mass descends i n t o  t h e  G r e a t  B a s i n  i t  warms up and becomes r e -  
l a t i v e l y  d r y .  Consequen t l y ,  heavy  p r e c i p i t a t i o n  i n  t h i s  a r e a  i s  
i n f r e q u e n t .  

The Rocky F lour l ta ins t o  t h e  e a s t  a l s o  p l a y  an i m p o r t a n t  r o l e  
i n  d e t e r m i n i n g  t h e  c l i m a t e  o f  L i n c o l n  County.  These m o u n t a i n s  de- 
f l e c t  t h e  c o l d  a r c t i c  a i r  f r o m  Canada so  t h a t  i t  moves e a s t  o n t o  
t h e  G r e a t  P l a i n s .  T h i s  r e s u l t s  i n  a m i l d  w i n t e r  c l i m a t e  o v e r  much 
o f  t h e  area. 

Summer t h u n d e r s t o r m s  o c c u r  a p p r o x i m a t e l y  15 t o  20 days p e r  
y e a r .  Warm, m o i s t  a i r  f r o m  o v e r  t h e  G u l f  o f  Mex ico  f l o w s  n o r t h -  
ward . f o r  s e v e r a l  months i n  t h e  summer. Thunders to rms  a r e  common 
i n  t h e s e  months.  H a i l  ave rages  t h r e e  days p e r  y e a r  and o c c u r s  i n  
a s s o c i a t i o n  w i t h  t h e s e  s t o r m s .  R a i n f a l l  f r o m  t h e  t h u n d e r s t o r m s  
can  be q u i t e  heavy. As much as t h r e e  i n c h e s  o f  r a i n  has f a l l e n  
f r o m  a s i n g l e  s torm.  

Tempera tu res  i n  L i n c o l n  Coun ty  r a n g e  f r o m  m i l d  t o  h o t .  Sum- 
mer minimums a r e  i n  t h e  4 0 ' s  (F.) w h i l e  summer maximums a r e  i n  t h e  
9 0 ' s  (F . ) .  W i n t e r  minimums a r e  i n  t h e  t e e n s  and maximums i n  t h e  
4 0 ' s  (F.). The h o t t e s p  r e c o r d e d  t e m p e r a t u r e ' i s  109"  F.' and t h e  
c o l d e s t  r e c o r d e d  t e m p e r a t u r e  i s  - 3 1 "  F. The g r o w i n g  season a v e r -  
ages abou t  148 days p e r  y e a r .  Tempera tu re  c h a r a c t e r i s t i c s  a t  
o t h e r  l o c a t i o n s  i n  L i n c o l n  C o u n t y  may be i n f e r r e d  b y  a p p l y i n g  t h e  
e n v i r o n m e n t a l  l a p s e  r a t e  o f  3 - 1 / 2 "  F. p e r  1,000 v e r t i c a l  f e e t  low- 
e r  o r  h i g h e r  t h a n  t h e  r e c o r d i n g  s t a t i o n .  Care must be taken ,  how- 
e v e r ,  when u s i n g  t e m p e r a t u r e s  d e r i v e d  from u s i n g  t h e  e n v i r n o m e n t a l  
l a p s e  r a t e  as l o c a l  c o n d i t i o n s  may i n f l u e n c e  e x a c t  t e m p e r a t u r e  
r e a d i n g s .  
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3 .  G e o l o g i c  S e t t i n g ( l 8 ,  19, 20)  
SI . .  

: 
(9 

L i n c o l n  C o u n t y  i s  l o c a t e d  i n  t h e  B a s i n  and Range Geomorphic 
P r o v i n c e .  The a r e a  has a g e o l o g i c  c h a r a c t e r  more o r  l e s s  t y p i c a l  
o f  t h e  p r o v i n c e  w i t h  e l o n g a t e  m o u n t a i n s  s e p a r a t e d  b y  l o n g  a l l u v i a l  

, 

f i l l e d  v a l l e y s .  
Y 

s Abou t  o n e - t h i r d  o f  L i n c o l n  C o u n t y  i s  c o v e r e d  b y  Cenezo ic  sed- 
i m e n t a r y  r o c k s ;  a n o t h e r  t h i r d  b y  Cenezo ic  v o l c a n i c  r o c k s ;  and t h e  
r e m a i n d e r  b y  i gneous ,  me tamorph ic ,  and s e d i m e n t a r y  r o c k s  t h a t  
r a n g e  i n  age f r o m  P r e c a m b r i a n  t o  T r i a s s i c .  P a l e o z o i c  r o c k s  c o v e r  
much o f  t h e  area.  They a r e  composed p r i m a r i l y  o f  l i m e s t o n e ,  d o l o -  
m i t e ,  s h a l e ,  and q u a r t z i t e .  Lower Mesozo ic  r o c k s  a r e  exposed i n  
s e v e r a l  a r e a s  and c o n s i s t  p r i m a r i l y  o f  c l a s t i c  s e d i m e n t a r y  r o c k s .  
No m i d d l e  t o  upper  Mesozo ic  s e d i m e n t a r y  r o c k s  a r e  f o u n d  i n  t h e  
area.  Cenezo ic  r o c k s  c o n s i s t  p r i m a r i l y  o f  v a r i o u s  v o l c a n i c s  and 
c o n t i n e n t a l  s e d i m e n t a r y  r o c k  u n i t s .  The y o u n g e s t  Q u a t e r n a r y  and 
Recen t  r o c k s  c o n s i s t  o f  a l l u v i a l  and l a c u s t r i n e  s e d i m e n t s  f i l l i n g  
most  o f  t h e  v a l l e y  b a s i n s .  

The B a s i n  and Range t o p o g r a p h y ,  w h i c h  c h a r a c t e r i z e s  most  o f  
L i n c o l n  County,  has been d e v e l o p e d  o v e r  a l l  o f  t h e s e  r o c k  t y p e s .  
T h i s  t o p o g r a p h y  has d e v e l o p e d  because o f  t h e  c h a r a c t e r i s t i c  f a u l t  
b l o c k  s t r u c t u r e  o f  t h e  B a s i n  and Range w h i c h  i s  caused  b y  n o r m a l  
f a u l t i n g  and i s  e x p r e s s e d  as l o n g  n o r t h - s o u t h  t r e n d i n g  m o u n t a i n s  
and v a l l e y s .  Most  o f  t h e  B a s i n  and Range P r o v i n c e  i n  L i n c o l n  
C o u n t y  i s  an a r e a  o f  i n t e r n a l  d r a i n a g e  w i t h  many l a r g e  ephemeral  
l a k e s .  P a r t  o f  t h e  c o u n t y  i s ,  however,  l o c a t e d  i n  t h e  C o l o r a d o  
R i v e r  B a s i n  w h i c h  d r a i n s  i n t o  t h e  P a c i f i c  Ocean. 

The g e o t h e r m a l  r e s o u r c e  i n  L i n c o l n  Coun ty  i s  a s s o c i a t e d  w i t h  
t h e  l o n g  n o r t h - s o u t h  t r e n d i n g  n o r m a l  f a u l t s  c h a r a c t e r i s t i c  o f  t h e  

Y B a s i n  and Range P r o v i n c e .  Water,  o r i g i n a t i n g  as r a i n f a l l ,  s i n k s  
deep i n t o  t h e  e a r t h  where i t  i s  h e a t e d  b y  c o n t a c t  w i t h  a g e o t h e r -  
mal h e a t  s o u r c e .  T h i s  h e a t  s o u r c e  may be e i t h e r  a c o o l i n g  magma- 
t i c  b o d y  o r  j u s t  r o c k  h e a t e d  b y  t h e  e a r t h ' s  g e o t h e r m a l  g r a d i e n t .  
The h e a t e d  w a t e r  t h e n  r i s e s  t o  t h e  s u r f a c e  a l o n g  t h e  deep f a u l t s  

rcill 
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w h i c h  o f f e r  pe rmeab le  c o n d u i t s  f o r  f l u i d  movement, I f  t h e s e  
f a u l t s  c u t  t h e  e a r t h ' s  s u r f a c e ,  h o t  s p r i n g s  and o t h e r  s u r f a c e  
m a n i f e s t a t i o n s  o f  g e o t h e r m a l  e n e r g y  may appear ,  I t  s h o u l d  b e  
n o t e d  t h a t '  g e o t h e r m a l  r e s o u r c e s  may be  p r e s e n t  w i t h o u t  such s u r -  
f a c e - i n d i c a t i o n s .  One o f  t h e  g o a l s  o f  modern e x p l o r a t i o n  g e o l o g y  
i s  t o  l o c a t e  t h e s e  "hidden" r e s o u r c e s .  

d 

w 

4. H y d r o l o g y ( 8 ,  9 )  

L i n c o l n  C o u n t y  c o n t a i n s  p o r t i o n s  o f  f o u r  h y d r o g r a p h i c  r e g i o n s  
f o u n d  i n  Nevada. These r e g i o n s  i n c l u d e  t h e :  C e n t r a l  Region; C o l -  
o r a d o  R i v e r  B a s i n ;  G r e a t  S a l t  Lake  B a s i n ;  and E s c a l a n t e  D e s e r t .  

The C o l o r a d o  R i v e r  B a s i n  c o v e r s  t h e  l a r g e s t  p o r t i o n  o f  L i n -  
o l n  County.  A l l  r u n o f f  w a t e r s  f a l l i n g  i n  t h e  medium t o  l o w  e l e -  

v a t i o n  v a l l e y s  f l o w  t h r o u g h  a s e r i e s  o f  t r i b u t a r y  s t r e a m s  i n t o  t h e  

The C e n t r a l  R e g i o n  c o v e r s  much o f  t h e  w e s t e r n  p o r t i o n  o f  t h e  
s t u d y  a rea .  T h i s  a r e a  i s  c h a r a c t e r i z e d  b y  l ong ,  n a r r o w  v a l l e y s  
w i t h  s m a l l ,  i n t e r m i t t e n t  s t r e a m s  e m p t y i n g  i n t o  t h e  v a l l e y  b o t t o m s  
where t h e  f l o w s  e v a p o r a t e ,  The p e r e n n i a l  s t r e a m s  a r e  u s u a l l y  o n l y  

ew m i l e s  l o n g .  T h e r e  a r e  no  l a r g e  s t a n d i n g  b o d i e s  o f  w a t e r  
t h o u g h  t h e  a r e a  i s  c h a r a c t e r i z e d  b y  i n t e r n a l  d r a i n a g e .  
A v e r y  s m a l l  p o r t i o n  o f  t h e  G r e a t  S a l t  Lake B a s i n  o c c u r s  i n  

t h e  n o r t h - e a s t e r n  L i n c o l n  County.  T h i s  p a r t ,  t h e  H a m l i n  V a l l e y ,  
s u p p l i e s  r u n o f f  w a t e r  t o  t h e  G r e a t  S a l t  Lake t o  t h e  e a s t .  

The f o u r t h  h y d r o g r a p h i c  r e g i o n  i n  t h e  s t u d y  a r e a  i s  t h e  Esca- 
l a n t e  D e s e r t .  T h i s  r e g i o n ,  l o c a t e d  i n  t h e  e a s t - c e n t r a l  p o r t i o n  of  
t h e  c o u n t y ,  i s  o n l y  a v e r y  s m a l l  p a r t  o f  t h e  e n t i r e  r e g i o n ,  most  
o f  w h i c h  o c c u r s  i n  U tah .  The r e g i o n  i s  c h a r a c t e r i z e d  b y  l o w  v a l -  

W 

J 

~ C o l o r a d o  R i v e r ,  w h i c h  e v e n t u a l l y  f l o w s  i n t o  t h e  P a c i f i c  Ocean. 

Y 

0 

e 

w i t h  i n t e r n a l  d r a i n a g e .  0 
1 The h y d r o l o g y  o f  t h e  a r e a  i s  t y p i c a l  o f  t h a t  o c c u r r i  

d e s e r t  e n v i r o n m e n t .  P r e c i p i t a t i o n  i s  m a r k e d l y  seasona l ,  o c c u r r i n g  
p r i m a r i l y  . i n  t h e  w i n t e r  as r a i n  o r  snow and i n  t h e  summer as sud- 

den t h u n d e r s t o r m s .  S t r e a m f l o w s  a r e  e q u a l l y  s e a s o n a l  w i t h  peak 
W - 

f l o w s  o c c u r r i n g  i n  t h e  w i n t e r .  W i t h  u n c o n t r o l l e d  c o n d i t i o n s ,  
W 
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r u n o f f  r e a c h e s  a peak f l o w  i n  l a t e  s p r i n g  and an annual  l o w  f l o w  
i n  l a t e  summer o r  e a r l y  f a l l ,  E x c e p t i o n s  a r e  t h e  e x c e e d i n g l y  
l a r g e  f l o w s  due t o  s e v e r e  t h u n d e r s t o r m s  wh ich  can o c c u r  any t i m e  
d u r i n g  t h e  summer. These f l a s h  f l o o d s  a r e  h i g h l y  u n p r e d i c t a b l e  
and l a s t  o n l y  a f e w  h o u r s .  The seasona l  v a r i a t i o n  i n  f l o w  r a n g e s  
f rom abou t  45 p e r c e n t  o f  t h e  t o t a l  f r o m  November t o  March, t o  17 
p e r c e n t  d u r i n g  June and J u l y ,  These w ide  r a n g e s  i n  f l o w  c r e a t e  
m u l t i p l e  p rob lems .  Seasona l  h i g h  f l o w s  o f t e n  r e s u l t  i n  f l o o d  

f l o w s  l i m i t  a g r i c u l t u r a l  p r o d u c t i o n  and t e n d  t o  cause h i g h  w a t e r  
t e m p e r a t u r e s .  B o t h  s e d i m e n t a t i o n  and h i g h  w a t e r  t e m p e r a t u r e s  
i m p a c t  a d v e r s e l y  on f i s h  l i f e  and g e n e r a l  w a t e r  q u a l i t y .  

The Nevada S t a t e  n g i n e e r  has d e f i n e d  f i v e  d e s i g n a t e d  ground-  
w a t e r  b a s i n s  o u t  o f  t h e  28 f o u n d  i n  L i n c o l n  County.  These b a s i n s  
a r e  t h o s e  i n  wh ich  t h e  amount o f  w a t e r  a l l o c a t e d  i s  b e l i e v e d  t o  
exceed t h e  annua l  r e c h a r g e  i n t o  t h e  b a s i n .  The D i v i s i o n  o f  Water 
Resources has s e v e r a l  r e g u l a t i o n s  and - p e r m i t t i n g  p r o c e d u r e s  wh ich  
a r e  r e q u i r e d  b e f o r e  w a t e r  f r o m  t h e s e  d e s i g n a t e d  b a s i n s  can  be 
used. T a b l e  3 shows t h e s e  d e s i g n a t e d  g r o u n d w a t e r  b a s i n s  and t h e  
a s s o c i a t e d  o r d e r  number so d e s i g n a t i n g  t h o s e  b a s i n s .  

damage w i t h  s e r i o u s  e r o s i o n  and s e d i m e n t a t i o n  o c c u r r i n g .  Low 

T a b l e  3 

D E S I G N A T E D  GROUNDWATER B A S I N S  I N  LINCOLN COUNTY 



. Because L i n c o l n  C o u n t y ' s  geo the rma l  r e s o u r c e s  a r e  t h e  w a t e r  
domina ted  t y p e ,  any use o f  t h o s e  r e s o u r c e s  may a f f e c t  l o c a l  g round 

3 w a t e r  c o n d i t i o n s .  T h i s  may i m p a c t  h i s t o r i c a l  use o f  g roundwate r  
L4 

r3 

i n  t h o s e  a reas  and r a i s e  q u e s t i o n s  c o n c e r n i n g  w a t e r  r i g h t s  and 
w a t e r  a1 l o c a t i o n .  However, g e o t h e r m a l  e n e r g y  deve lopment  i s  con- 
s i d e r e d  t o  be  a p r e f e r r e d  use o f  t h e  g roundwate r .  Any d e v e l o p e r  
o f  geo the rma l  e n e r g y  r e s o u r c e s  i n  ' t h e s e  b a s i n s  must  c o n t a c t  t h e  
S t a t e  Water E n g i n e e r  e a r l y  i n  any p r o j e c t ' s  p l a n n i n g  phase t o  i n -  
s u r e  t h a t  a l l  w a t e r  r e l a t e d  q u e s t i o n s  a r e  answered. 

3 B a  Land Ownersh ip  and Land Use 

L i n c o l n  Coun ty  t o t a l s  n e a r l y  10,649 s q u a r e  m i l e s  i n  s i z e  or 

r3 
a p p r o x i m a t e l y  t e n  p e r c e n t  o f  t h e  t o t a l  l a n d  a r e a  o f  t h e  S t a t e  o f  
Nevada. T a b l e  4 shows t h e  l a n d  o w n e r s h i p  o f  t h e  c o u n t y . ( l 3 )  

T a b l e  4 

LAND OWNERSHIP  PATTERN I N  LINCOLN COUNTY 

P u b l i c  Land Ac res  P e r c e n t  

F e d e r a l  6,587,946 96.69 
S t  a t  e 6,682 0.09 
Coun ty  2,000 0.02 

0 

T o t a l  P u b l i c  6,596,628 96.8 v 

P r i v a t e  Land 

I n d i a n  0 0 
Tax R o l l  219,372 3.2 

T o t a l  P r i v a t e  219,372 3.2 

* 

w 

U 

G 11 



I.l 

E x i s t i n g  l a n d  use p a t t e r n q  i n  L i n c o l n  Coun ty  a r e  based p r ima-  
r i l y  on p r o x i m i t y  t o  t h e  m a j o r  c e n t e r s  o f  C a l i e n t e ,  P ioche,  and 
t h e  o t h e r  s m a l l e r  commun i t i es .  Away f r o m  t h e s e  c e n t e r s  t h e  l a n d  
has h i s t o r i c a l l y  been used f o r  a g r i c u l t u r e ,  r a n c h i n g ,  m i n i n g ,  
w i l d l i f e  management, ahd open space ( F i g u r e  3 ) .  The Bureau o f  

I Land Management has c l a s s i f i e d  most o f  t h e  5,667,994 a c r e s  o f  t h e  
p u b l i c  l a n d  i t  manages as b e i n g  f o r  m u l t i p l e  use. T h i s  c l a s s i f l -  
c a t i o n  i n c l u d e s  a l l  t y p e s  o f  uses  f r o m  r e c r e a t i o n ,  w i l d l i f e  
management, w a t e r s h e d  management, and l i v e s t o c k ,  g r a z i n g ,  t o  t i m -  
b e r  p r o d u c t i o n  on t h e  more h e a v i l y  f o r e s t e d  p o r t i o n s  o f  t h e  Jand. 
The o n l y  l a n d s  n o t  managed a c c o r d i n g  t o  t h i s  c o n c e p t  a r e  t h o s e  
t h a t  a r e  b e i n g  s t u d i e d  as p o t e n t i a l  w i l d e r n e s s  a reas .  O the r  

I f e d e r a l  a g e n c i e s  h o l d i n g  t i t l e  t o  l a n d  i n  L i n c o l n  County, such as 
t h e  U.S. F o r e s t  S e r v i c e  and t h e  Bureau  o f  R e c l a m a t i o n ,  a t  t h i s  
t i m e  a r e  a l s o  managing  their l a n d s  a c c o r d i n g  t o  t h e  m u l t i p l e  use 
c o n c e p t  where p o s s i b l e .  Rema in ing  f e d e r a l  l a n d  l o c a t e d  w i t h i n  t h e  
Nevada T e s t  ' S i t e  and .Gunnery Range i s  c l o s e d  t o  a l l  p u b l i c  uses. 

T h e r e  a r e  e i g h t  BLM W i l d e r n e s s  S t u d y  Areas i n  L i n c o l n  County:  
T a b l e  Moun ta in ,  W h i t e  Rock Range, W o r t h i n g t o n  M o u n t a i n s ,  Weepah 
S p r i n g s ,  Sou th  Pahrocs /H iko ,  E a s t  Pahranaga t ,  Medsger Pass, and 
Lower Pahranaga t  L a k e . ( l  These s t u d y  a r e a s  a r e  t h o s e  w h i c h  
BLM b e l i e v e s  meets t h e  f o l l o w i n g  c r i t e r i a :  

1. S i ze - -mus t  have a t  l e a s t  5,000 o r  more a c r e s  o f  c o n t i g u -  

*$ 

3 

lr3 

u3 

w 

0 

ous p u b l i c  l a n d  or b e  o f  a s i z e  t o  make p r a c t i c a l  i t s  ' 

p r e s e r v a t i o n  and use i n  an u n i m p a i r e d  c o n d i t i o n ;  
2. Naturalness;-must be  s u b s t a n t i a l l y  n a t u r a l  o r  g e n e r a l l y  

appear t o  have been a f f e c t e d  p r i m a r i l y  b y  t h e  f o r c e s  o f  
n a t u r e  w i t h  t h e  i m p r i n t  o f  man's work s u b s t a n t i a l l y  un- 
n o t i c e a b l e  . 

3 .  O u t s t a n d i n g  s o l i t u d e  o r  r e c r e a t i o n - - m u s t  have e i t h e r  
o u t s t a n d i n g  o p p o r t u n i t i e s  f o r  s o l i t u d e  o r  a '  p r i m i t i v e  
and u n c o n f i n e d  t y p e  o f  r e c r e a t i o n ;  

W 

u 
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FIGURE 3. 'LAND OWNERSHIP IN LINCOLN COUNTY. 



W 

4. Supp lemen ta l  va lues-must  have s u p p l e m e n t a l  v a l u e s ,  

hi w h i c h  i n c l u  e c o l o g i c a l ,  g e o l o g i c a l ,  o r  o t h e r  n a t u r a l  
Y f e a t u r e s  o f  e n t i f i c ,  e d u c a t i o n a l ,  s c e n i c ,  o r  h i s t o r i -  

These e i g h t  W i l d e r n e s s  S t u d y  Areas w i l l  c o n t i n u e  t o  be managed 
u n d e r  s p e c i a l  g u i d e l i n e s  d i r e c t e d  b y  Congress t o  p r e s e r v e  t h e  w i l -  

L, d e r n e s s  v a l u e s  u n t i l  a f i n a l  d e t e r m i n a t i o n  o f  w i l d e r n e s s  s u i t a b i l -  
i t y  o r  u n s u i t a b i l i t y  i s  made. 

There  a r e  no known geo the rma l  r e s o u r c e s  w i t h i n  t h e  b o u n d a r i e s  
o f  any o f  t h e  p o t e n t i a l  w i l d e r n e s s  areas .  Shou ld  any be l o c a t e d  
i n  t h e  f u t u r e ,  t h e  deve lopment  o f  t h o s e  r e s o u r c e s  w i l l  be s u b j e c t  
t o  BLM W i l d e r n e s s  A rea  Management P o l  i c y .  

L a r g e r  u r b a n  commun i t i es  d e v e l o p  v a r i o u s  t o n i n g  c l a s s i f i c a -  
t i o n s  t o  s e g r e g a t e  v a r i o u s  l a n d  uses w i t h i n  t h e  communi ty  t o  t h o s e  
w h i c h  a r e  deemed compatab le .  Such uses i n c l u d e  r e s i d e n t i a l ,  com- 
m e r c i a l ,  governmental/institutional, v a r i o u s  t y p e s  o f  i n d u s t r i a l ,  
and a g r i c u l t u r a l  use. Geothermal  deve lopmen t  must be c o m p a t i b l e  
w i t h  e x i s t i n g  deve lopment  i n  t h e s e  zoned areas .  

c a l  v a l u e .  

Y 

0 

0 

C. ~ o p u l a t i o n ( 4 )  

The p o p u l a t i o n  o f  L i n c o l n  Coun ty  i n c r e a s e d  a p p r o x i m a t e l y  22 
p e r c e n t  d u r i n g  t h e  56 -yea r  p e r i o d  be tween 1920 and 1976. T h i s  
g r o w t h ,  r a t e  has n o t  been c o n s i s t e n t .  The re  were s e v e r a l  p e r i o d s  
o f  p o p u l a t i o n  d e c l i n e  as w e l l  as t h o s e  p e r i o d s  o f  p o p u l a t i o n  
i n c r e a s e .  T a b l e  5 i l l u s t r a t e s  t h e ,  p a s t  and p r o j e c t e d  p o p u l a t i o n  
f i g u r e s  f o r  L i n c o l n  County.  

The e x i s t i n g  p o p u l a t i o n  o f  L i n c o l n  Coun ty  i s  n o t  
t r i b u t e d  around t h e  e n t i r e  c o u n t y .  I t  i s ,  i n s t e a d ,  l o  
d i s t i n c t  p o p u l a t i o n  c e n t e r s  w i t h  o n l y  s c a t t e r e d  p e r  
r u r a l  area.  The f o u r  l a r g e s t  c o m m u n i t i e s  f o u n d  i n  L i n c o l n  County 

The S t a t e  P l a n n i n g  C o o r d i n a t o r ' s  O f f i c e  a n t i c i p a t e s  t h a t  a l l  
t h e  commun i t i es  i n  L i n c o l n  Coun ty  w i l l  grow somewhat b y  t h e  y e a r  

2020. Because o f  t h e  s m a l l  s i z e  o f  t h e  e x i s t i n g  commun i t i es  and 

u 

U 

&J 

C a l i e n t e ,  Panaca, P ioche ,  and' Alamo. ' 
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a 

r a t e l y  l o w  r a t e  o f  g r o w t h ,  t h e  t o t a l  number o f  p e r s o n s  ad- 
Li L i n c o l n  Coun ty  w i l l  be  s m a l l .  T a b l e  6 i l l u s t r a t e s  t h e  

S t a t e  P l a n n i n g  C o o r d i n a t o r ' s  p r o j e c t i o n s  f o r  t h e  f o u r  l a r g e s t  com- 
m u n i t i e s .  These, and t h e  c o u n t y  p o p u l a t i o n  p r o j e c t i o n s  a r e  based 
on h i s t o r i c a l  p o p u l a t i o n  g r o w t h  d a t a .  S h o u l d  any new, u n a n t i c i -  
p a t e d  deve lopmen t  a c t i v i t i e s  o c c u r ,  t h e s e  e s t i m a t e s  c o u l d  be 
i n , v a l  i d a t e d .  

cy 

o$ 

T a b l e  5 

Y 
POPULATION TREND I N  LINCOLN COUNTY(4) 

Year  P o p u l  a t  i o n  Year  P o p u l a t i o n  

1920 2,287 1973 2,338 
1930 3,601 1974 2 , 5 0 0 .  

4,130 1975 2,700 1940 
1950 3,837 1976 2,803 
1960 2,431 1977 2,734 
1961 2,164 1978 2,853 

1 1962 2,140 1979 2,972 
1963 2,113 1980 3,091 

2,038 1981 3,163 1964 
1965 2,162 1982 3,235 
1966 2,398 1983 3,307 

- 1968 2,334 1985 3,451 
1969 2,454 1990 3,728 
1970 ' 2,557 1995 4,717 
1971 2,300 2000 5,039 

1972 2,200 

0 

e, 

0 

1967 2,316 1984 3,379 
e, 

0 
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T q b l e  6 

. OF LINCOLN COUNTY TO THE YEAR 2020 

k4 
POPULATION P R O J E C T I O N S  FOR THE MAJOR COMMUNITIES 'U 

Ci ty  1980 1990 2000 2010 2020 w 
C ~ I  i e n t e  900 1,000 ' 1,200 1,400 1,550 

, 'Panaca 550 650  800  . 950 1,000 

P i o c h e  650 850  1,100 1,350 1,500 

A1 am0 890 1,030 1,400 1,600 1,700 

W 

D a  T r a n s p o r t a t i o n  F a c i l i t i e s ( 5 ,  6, 7 )  

O n l y  one m a j o r  h ighway  passes t h r o u g h  L i n c o l n  County.  U.S. 
93 i s  a m a j o r  n o r t h - s o u t h  r o u t e  c o n n e c t e d  t o  1-80 i n  t h e  n o r t h  and 
1-15 i n  t h e  sou th .  I t  r u n s  down t h e  e n t i r e  e a s t  s i d e  o f  t h e  s t a t e  

tD c o n n e c t i n g  t h e  towns o f  W e l l s ,  Ely, P i o c h e ,  C a l i e n t e ,  and Las 
Vegas. L i n c o l n  County has a t o t a l  o f  abou t  3,429 m i l e s  o f  road -  
way. T h e r e  a r e  a b o u t  384 m i l e s  on t h e  f e d e r a l  a i d  system, 29 

es on t h e  s t a t e  a i d  system, 3,009 m i l e s  on t h e  c o u n t y  system, 
e3 e i g h t  m i l e s  on c i t y  o r  l o c a l  systems. The a r e a  has a t o t a l  o f  

a b o u t  3,099 m i l e s  o f  unpaved r o a d  and 331 m i l e s  o f  roadway  paved 

T r a n s p o r t a t i o n  se i c e s  a r e  r a t h e r  l i m i t e d  i n  L i n c o l n  County.  
Y T h r e e  i n t e r s t a t e  t r u c k l ' n g  l i n e s  do s e r v i c e  t h e  a r e a  b u t  t e r m i n a l  

f a c i l i t i e s .  'are n o t  , a v a i l a b l e .  The n e a r e s t  f a c i l i t i e s  a r e  l o c a t e d  
a p p r o x i m a t e l y  175 m i l e s  s o u t h  o f  P i o c h e  i n  Las Vegas. L i m i t e d  a i r  
s e r v i c e  i s '  a v a i l a b l e  i n t o  v a r i o u s  p o r t i o n s  o f  t h e  c o u n t y .  ' The re  

cld one c o m m e r c i a l  a i r p o r t  and f i v e  l a n d i n g  s t r i p s .  No commerc ia l  
r l i n e s  have s c h e d u l e d  s e r v i c e ,  t h o u g h  c h a r t e r  s e r v i c e '  i s  a v a i l -  
l e .  The n e a r e s t  a i r p o r t  i n  t h e  r e g i o n  i s  McCarran I n t e r n a t i o n a l  

A i r p o r t  l o c a t e d  i n  Las Vegas. The U n i o n  P a c i f i c  R a i l r o a d  has a 

Y e a s t - w e s t  l i n e  r u n n i n g  t h r o u g h  C a l  i e n t e  and one f r e i g h t - o n l y  

0 

v a r i o u s  s t a n d a r d s  a 





l 

o t h e  c e n t r a l  p r t  o f  t h e  c o u n t y .  L i m i t e d  f a c i l i t i e s  a r e  
w one i n t e r s t a t e  bu.s l i n e  s e r v e s  passenger  t r a n s p o r t a t i o n  needs. 

Y 

E. Economic A c t  

1. 3 B a c k g r o u n d ( l 3 )  
Y 

i 

. C o u n t y  was c r e  ed b y  t h e  S t a t e  L e g i s l a t u r e ,  i n  1867 
I t  o f  t h e  p e r s o  1 e f f o r t s  o f  Governo r  B l a s d e l .  A t  

t h a t  t i m e  t h e  c o u n t y  was s e p a r a t e d  f r o m  Nye County.  The bounda- 
r i e s  were ch'anged a g a i n  i n  1909. 

R i c h  o r e  d e p o s i t s  began t o  a t t r a c t  m i n e r s  t o  t h e  c o u n t y  i n  
t h e  e a r l y  1 8 6 0 ' s .  S e v e r a l  t owns  such  as H i k o ,  P i o c h e ,  and E l d o -  
r a d 0  d e v e l o p e d  as r e s u l t  o f  t h i s  m i g r a t i o n .  Panaca was e s t a b l i s h -  

d b y  t h e  Mormons. as a way s t a t i o n  f o r  t r a v e l e r s  and m a i l  c a r r i e r s  
m o v i n g  be tween  s o u t h e r n  C a l i f o r n i a  and S a l t  Lake  Ci ty.  I n  1871, 
t h e  a r e a  now known as C a l i e n t e  was s e t t l e d  b y  t w o  b r o t h e r s ,  
C h a r l e s  and W i l l i a m  C u l v e r w e l l .  Much o f  t h e  C a l i e n t e  a r e a  was 
p u r c h a s e d  f o r  a r a i l r o a d  i n  1901. 

S i n c e  t h e  e a r l y  1 9 0 0 t s ,  m i n i n g  and r a i l r o a d  c o n s t r u c t i o n  have 
had a p r o f o u n d  i m p a c t  on t h e  c o u n t y ' s  economy. The U n i o n  P a c i f i c  
R a i l r o a d  moved i t s  r a i l r o a d  r e p a i r  shop f r o m  Las  Vegas t o  C a l i e n t e  
i n  1931. The r e p a i r  shop r e m a i n e d  p r o s p e r o u s  u n t i l  t h e .  i n t r o d u c -  
t i o n  o f  t h e  d i e s e l  e n g i n e .  P i o c h e ,  whose economy was s o l e l y  de- 
p e n d e n t  on m i n i n g ,  s t a r t e d  t o  f a l t e r  i n  1957 when t h e  U.S. Gov- 
e rnmen t  began a l l o w i n g  a l a r g e  i n f l o w  o f  l o w - p r i c e d  f o r e i g n  met-  
a l s .  R e c e n t l y ,  w i t h  t h e  n c r e a s e  i n  t h e  p r i c e  o f  p r e c i o u s  m e t a l s ,  
t h e r e  has been a r e s u r g e  e i n  m i n i n g  a c t i v i t y  t h r o u g h  t h e  e n t i r e  

Today t h e r e  a r e  14 companies m i n i n g  such  o r e s  as g o l d ,  

v 
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1 s i l v e r ,  t u n g s t e n ,  l i m e ,  p e r l i t e ,  and sand and g r a v e l .  u 
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(I, 

F, D e s i g n  I n f o r m a t i o n  ( 1 )  

No s p e c i f i c  d e s i g n  i n f o r m a t i o n  i s  a v a i l a b l e  f o r  any communi ty  
i n  L i n c o l n  County.  Such i n f o r m a t i o n  i s  a v a i l a b l e  f o r  t h e  n e a r b y  
c o m m u n i t i e s  o f  Ely t o  t h e  n o r t h  and Las Vegas t o  t h e  sou th .  The 
e n g i n e e r i n g  d e s i g n  c h a r a c t e r i s t i c s  f o r  t h e s e  c o m m u n i t i e s  a r e  as 

f o l l o w s :  

W 
a3 

L 

Ely Las Vegas 
L a t i t u d e  39'17'  36'05'  

'W 

L o n g i t u d e  114'51 ' 115'10'  

5,075 2,162 
Y 

W i n t e r  D e s i g n  D r y - B u l b  
T e m p e r a t u r e  

99% -1O'F. 25 'F. 
Y 97.5% -4'F. 28'F. 

Summer Des i gn Dry-B u l  b 
and Mean C o i n c i d e n t  Wet- 
B u l b  T e m p e r a t u r e  @ 

1% 89'157 'F . 108'166 'F . 
2.5% 87'157'F. 106 ' I 6 5  'F. 
5% 85 '155'F , 104'/65'F. 

Mean D a i l y  Temperat  
Range 39'F. 30°F. 

D e s i g n  Wet B u l b  60'F. 71 OF. 
T e m p e r a t u r e  59'F. 70'F. 

0 

1% 

u 
LJ 7,333 2,709 . 

182 2,942 
D e g r e e - C o o l i n g  Days 

e, 

2 1  



A d d i t i o n a l  d e g r e e - h e a t i n g  and d e g r e e - c o o l i n g  day  i n f o r m a t i o n  u i s  a v a i l a b l e  a t  t h e  f o l l o w i n g  r e c o r d i n g  s t a t i o n s  i n  L i n c o l n  
Coun ty :  9 

E l e v a t i o n  D e g r e e - H e a t i n g  Days D e g r e e - C o o l i n g  Days 

Ca l  i e n t e  4 , 4 0 2  4 , 4 0 2  0 '0 Ca l  i e n t e  4 , 4 0 2  4 , 4 0 2  

, P i o c h e  6,165 5,638 

G m  Ene rgy  I n f o r m a t i o n  * 
, P i o c h e  6,165 5,638 

G m  Ene rgy  I n f o r m a t i o n  * 

860 

673 

The e n e r g y  s i t u a t i o n  i n  Geothermal  Resource A rea  10 i s  t y p i -  
a1 o f  t h a t  o c c u r r i n g  i n  e a s t e r n  Nevada. E l e c t r i c i t y  and n a t u r a l  

gas a r e  t h e  p r i m e  s o u r c e s  o f  e n e r g y  used i n  t h e  u r b a n  a reas  w i t h  
e l e c t r i c i t y ,  propane, and d i s t i l l a t e  f u e l s  b e i n g  t h e  p r i m a r y  
s o u r c e s  o f  e n e r g y  i n  t h e  r u r a l  a reas .  These f u e l s  a r e  supplement-  
ed  w i t h  c o a l ,  wind, h y d r o e l e c t r i c ,  and o t h e r  a l t e r n a t i v e  e n e r g y  
r e s o u r c e s .  

E l e c t r i c a l  e n e r g y  i n  L i n c o l n  County i s  s u p p l i e d  p r i m a r i l y  b y  
t h e  L i n c o l n  County Power D i s t r i c t .  S m a l l e r  e l e c t r i c a l  s u p p l i e r s  
s u c h  as t h e  N o r t h  Panaca I r r i g a t i o n  A s s o c i a t i o n ,  Panaca Power and 
L i g h t  Company, and t h e  Sou th  Panaca Power Group p u r c h a s e d  t h e i r  
power f o r  r e s a l e  f r o m  t h e  L i n c o l n  Coun ty  Power Company. Where 
e l e c t r i c  s e r v i c e  i s  n o t  a v a i l a b l e  deve lopmen ts  mus t  use d i e s e l -  
f u e l e d  g e n e r a t i n g  sys  

The s o u r c e  f o r  o f  t h e  e l e c t r i c a l  e n e r g y  used i n  t h e  
L i n c o l n  C o u n t y  a r e a  i g e n e r a t i n g  f a c i l i t i e s  a t  Hoover Dam and 
P o w e r p l a n t .  Because t h e  power d i s t r i c t s  were t r e a t e d  as p r e f e r r e d  
c u s t o m e r s  when t h i s  f a c i l i t y  went on l i n e ,  t h e  L i n c o l n  Coun ty  a r e a  
was a b l e  t o  o b t a i n  e l e c t r i c i t y  a t  v e r y  r e a s o n a b l e  r a t e s .  There  

Y 

0 '  

Q 

0 

0 

a r e  t w o  p r i m a r y  r e a s o n s  f o r  t h i s  i n e x p e n s i v e  e l e c t r i c i t y :  when 
Hoover  Dam and P o w e r p l a n t  were c o n s t r u c t e d ,  l a b o r  and c o n s t r u c t i o n  
c o s t s  w e r e  low: and today ,  h y d r o e l e c t r i c  power i s  l e s s  e x p e n s i v e  

w 

U 

W 2 2  



I) 

p r o d u c e  because , t h e r e  a r e  no c o s t s  f o r  h i g h  p r i c e d  f o s s i l  

C o n t i n u e d  g r o w t h  i n  t h e  L i n c o l n  C o u n t y  a r e a  may cause p r o b -  
v lems i n  e l ' e c t r i c a l  s u p p l i e s  and c o s t s  i n  t h e  f u t u r e .  The power 

d i s t r i c t  i s  a l r e a d y  r e c e i v i n g  i t s  a l l o c a t i o n  o f  e l e c t r i c i t y  f r o m  
t h e  Hoover Dam and P o w e r p l a n t .  As t h e  demand f o r  e l e c t r i c i t y  i n  

c o u n t y  i n c r e a s e s ,  t h e  power d i s t r i c t  w i l l  be f o r c e d  t o  p u r -  
0 ch,ase more e x p e n s i v e  f u e l s - g e n e r a t e d  e l e c t r i c i t y  f r o m  o t h e r  sou r -  

c e s  . 
N a t u r a l  gas i s  n o t  a v a i l a b l e  i n  t h e  s t u d y  area.  Consumers 

m u s t  r e l y  on e l e c t r i c i t y ,  l i q u i f i e d  p e t r o l e u m  gas' (LPG), o r  o t h e r  
p e t r o l e u m  p r o d u c t s  t o  s a t i s f y  t h e i r  e n e r g y  demands. I n  remote,  
a reas ,  t h e  c o s t  of i m p o r t i n g  t h e s e  f u e l s  has i n c r e a s e d .  Energy  

s t s  f o r  p e t r o l e u m  p r o d u c t s  have more t h a n  d o u b l e d  i n  t h e  l a s t  
w y e a r s .  

Coa l  i s  a n o t h e r  e n e r g y  s o u r c e  t h a t  has seen some l i m i t e d  use 
i n  t h e  s t u d y  area. The amount i n  r e l a t i o n  t o  o t h e r  e n e r g y  s o u r c e s  
i s  b e l i e v e d  v e r y  s m a l l  and c o n s i s t s  m o s t l y  o f  r e s i d e n t i a l  a p p l i c a -  
t i o n s .  

P o t e n t i a l  a l t e r n a t i v e  e n e r g y  r e s o u r c e s  t h a t  have some d e v e l -  
opment p o s s i b i l i t i e s  i n  t h e  n e a r  f u t u r e  i n c l u d e  s o l a r ,  geo the rma l ,  

d w i n d  systems. The Nevada Depar tmen t  o f  Energy  i s  a c t i v e l y  en- 
u r a g i n g  t h e  deve lopmen t  o f  a l l  o f  ' t h e s e  a l t e r n a t i v e  e n e r g y  sou r -  

G i v e n  t h e  e x i s t i n g  m i x  o f  e n e r g y  r e s o u r c e s  t h a t  a r e  p r e s e n t l y  
i s  o b v i o u s  t h a t  t h e  p o t e n t i a l  f o r  d e v e l o p i n g  g e o t h e r m a l  

e n e r g y  i s  v e r y  good. I n  o r d e r  t o  assess  t h e  e x t e n t  o f  t h e  r o l e  
8 t h a t  g e o t h e r m a l  e n e r g y  i s  s u p p l y i n g  e n e r g y  r e q u i r e m e n t s  i n  t h e  

' s t u d y  area,  t h e  NDOE has been w o r k i n g  w i t h  t h e  New Mex ico  Energy  
I n s t i t u t e  ( N M E I )  t o  e v a l u a t e  t h e  p o t e n t i a l  o f  g e o t h e r m a l  e n e r g y  

ve lopmen t  t h r o u g h  t h e  y e a r  2000. U s i n g  a compu te r  model d e v e l -  
oped b y  N M E I ,  p r o j e c t  s have been made of t h e  amount of g e o t h e r -  
mal  e n e r g y  t h a t  can c o n o m i c a l  l y  d e v e l o p e d  t h r o u g h  t h e  n e x t  40 

e a r ,  p e r i o d .  Two p r i m a r y  c l a s s e s  o f  deve lopmen t  a r e  e v a l u a t e d :  
e s i d e n t i a l  and i n d u  r i a l  a p p l i c a t i o n s  b y  m u n i c i p a l  d e v e l o p e r s  . 

and r e s i d e n t i a l  and i n d u s t r i a l  a p p l i c a t i o n s  b y  p r i v a t e  d e v e l o p e r s .  
T a b l e s  8 and 9 show t h e  p r o j e c t i o n s  t h a t  were deve loped .  F o r  

f u e l s .  
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a 

f geo the rma l  e n e r g y  w h i c h  c o u l d  be d e v e l -  
4 J  and i n  t h e  e q u i v a l e n t  amount o f  o i l  and 

e c t i o n s  i t  i s  e s t i m a t e d  t h a t  b y  t h e  y e a r  
o f  e n e r g y  c o u l d  e c o n o m i c a l l y  ~ be d e v e l -  

o r  p r i v a t e  d e v e l o p e r s .  By t h e  y e a r  2 
x 1010 BTU's and b y  2019 i t  i n c r e a s e s  
I t s h o u l d  be n o t e d  t h a t  t h e s e  p r o j e c -  

t t i o n s  r e p r e s e n t  an i d e a l i z e d  s i t u a t i o n  where a l l  t h e  r e s o u r c e s  a r e  
v e l o p e d  t o  t h e i r  maximum p o t e n t i a l .  Due t o  t h e  l o c a t i o n  and 

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

I t  has been e s t i m a t e d ,  u s i n g  d a t a  f r o m  t h e  p u b l i c a t i o n  Energy  
n t i c i p a t e d  e n e r g y  c o n s u m p t i o n  f o r  n o n t r a n s -  

t a t i o n  needs i n  1990 would be 7.06 x 1011 BTU's. I n  2000 
wou ld  be abou t  9.25 x 1 0 l 1  BTU's. These f i g u r e s  i n d i c a t e  

t h a t  under  i d e a l  c o n d i t i o n s  - a p p r o x i m a t e l y  t e n  p e r c e n t  o f  t h e  ener -  
g y  demand i n  t h e  s t u d y  a r e a  c o u l d  be met b y  g e o t h e r m a l  e n e r g y  i n  

y e a r  1990 and abou t  e i g h t  p e r c e n t .  c o u l d  be met b y  2000. 
ause of  t h e  l o c a t i o n  o f  t h e  p o p u l a t i o n  base i n  r e l a t i o n  t o  t h e  

' g e o t h e r m a l  r e s o u r c e s  f o u n d  i n  t h e  s t u d y  area, i t '  i s  n o t  a n t i c i -  
p a t e d  t h a t  t h e  r e s o u r c e s  w i l l  be  d e v e l o p e d  t o  t h e i r  g r e a t e s t  

. p o t e n t i a l  i n  t h i s  t i m e  p e r i o d .  However, i f  o n l y  a p o r t i o n  o f  t h e  
were developed,  t h e r e  c o u l d  be a s i g n i f i c a n t  i m p a c t  on 

0 

e, 

b a b l y  w i l l  n o t  happen. 

i n  Nevada, t h e  t o t a  
itd 

V 

0 

m p t i o n  o f  - f o s s i l  f u e l s ,  new i n d u s t r y  deve lopmen t ,  
j o b s  f o r  t h e  p e o p l e  l i v i n g  i n  t h e  s t u d y  area. 

E n e r g y  c o s t s  f o r  f o s s i l  f u e l s  such  as n a t u r a l  gas and o i l  
w i l l  c o n t i n u e  t o  r i s e  i n  t h e  f o r e s e e a b l e  f u t u r e .  T h i s  i s  p r i m a r i -  
l y  due t o  t w o  f a c t o r s :  F i r s t ,  t h e  s o u r c e  o f  much o f  t h i s  e n e r g y  
i s  o u t s i d e  o f  t h e  UnSted S t a t e s  and hence beyond t h e  p h y s i c a l  con- 
t r o l  o f  t h e  c o u n t r y .  Second, d o m e s t i c  s o u r c e s  o f  e n e r g y  w i l l  be 

. d e r e g u l a t e d  i n  c o s t  by 1985- B o t h  of  t h e s e  f a c t o r s  make c o a l  and 
g e o t h e r m a l  e n e r g y  a t t r a c t i v e  a l t e r n a t i v e s  t o  e x i s t i n g  e n e r g y  sou r -  
ces .  Coa l ,  one of  t h e  m a j o r  non - renewab le  e n e r g y  r e s o u r c e s  found 

i n  abundance i n  t h e  U n i t e d  S t a t e s ,  can be p r o c e s s e d  i n t o  s y n t h e t i c  

43 
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w ,  

The c o s t  g f  t h i s  c o a l ,  whe the r  f o r  r e p r o d u c t i o n  o f  syn- 
c1 e l s  o r  f o r  c o m b u s t i o n  i n  an e l e c t r i c a l  p o w e r p l a n t ,  i s  

A d d i t i o n a l l y ,  s t r i p  m i n i n g  o f  c o a l  and t h e  a i r  p o l l u -  
t i o n  c r e a t e d  when i t  i s  b u r n e d  pose s e r i o u s  e n v i r o n m e n t a l  ques- 
t i o n s *  

Geo the rma l  ene rgy ,  on t h  o t h e r  hand, i s  r e l a t i v e l y  
l e s s  e x p e n s i v e  t o  Use, and a t t  c t i v e  t o  many t y p e s  o f  d e v e l o p e r s .  

e r m a l  , t e c h n o l o g y  i s  becoming more a v a i l a b l e  t o  manage geo- 
a1 r e s e r v o i r s ,  t o  o b t a i n  maximum p r o d u c t i o n  o v e r  t h e  l o n g e s t  

p e r i o d  o f  t i m e ,  and t o  make use o f  v e r y  d i f f i c u l t  f l u i d  t y p e s .  
Thus, t h e  deve lopmen t  o f  t h e  g e o t h e r m a l  r e s o u r c e s  i n  L i n c o l n  

C o u n t y  s h o u l d  b e  encouraged  whereve r  and whenever p o s s i b l e . '  T h i s  
deve lopmen t  wou ld  b e n e f i t  b o t h  Nevada's  c i t i z e n s  and i n d u s t r i e s ,  
and , w o u l d  c o n t r i b u t e  t o  t h e  advancement o f  e n e r g y  i ndependence  i n  
t h i s  c o u n t r y .  
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T a b l e  8 

C O M B I N E D  INDUSTRIAL AND RESIDENTIAL APPLICATION WITH MUNICIPAL DEVELOPER 
 NEW MEXICO ENERGY INSTITUTE--GEOTHERMAL D I R E C T  USE ENERGY PROJECTIONS-- 

P r o j e c t e d  g e o t h e r m a l  . G a l l o n s  o f  o i l  K i l o w a t t  h o u r s  o f  
.~ Year 9 e n e r g y  on l i n e  (BTUs) r e p 1  aced  e l e c t r i c i t y  r e p l a c e d  

1980 -0- -0- 
1981 -0- -0- 
1982 , -0- -0- 
1983 6.18 x 1010 447,826 

6.25 x 1010 452,899 
6.33 x 1010 458,696 

1984 
1985 
1986 6.40 x 1010 463,768 
1987 6.48 x 1010 469,565 
1988 6.56 x 1010 475,362 

-0- 
, -0- 
-0- 

1.8 x 
1.8 x 
1.9 x 
1.9 x 
1.9 x 
1.9 x 

07  
07 
07 
07 
07 
07 

1989 6.63 x 1010 4 8 0 i 4 3 5  1.9 x 07 

1992 6.88 x 1010 498,551 2.0 x 107 
1993 6.96 x 1010 504,348 2.0 x 107 
1994 7.04 x 1010 510,145 2.1 x 107 

2.1 x 107 
2.1 x 107 

1997 7.30 x 1010 528,986 2.1 x 107 
1998 ' 7.39 x 1010 535,507 2.2 107 

7.75 x 1010 561,594 2.3 x 107 

2005 8.03 x 1010 581,884 2.4 107 

2008 8.32 x 1010 602,899 2.4 x 107 

2012 8.73 x 1010 632,609 2.6 x 107 

1990 6.71 x 1010 476,232 2.0 x 107 
1991 6.79 x 1010 492,029 2.0 x 107 

I 
1995 7.13 x 1010 516,667 
1996 7.21 x 1010 522,464 

1999 7.48 x 101o 542,029 2.2 x 107 
2000  7.56 x 1010 547,826 2.2 x 107 
200  1 7.66 x 1010 555,072 2.2 x 107 

7.84 x 1010 568,116 2.3 x l o 7  
7.93 x 10'10 574,638 2.3 x 107 

2006 8.13 x 1010 589,130 2.4 x 10; 

'2009 , 8.42 x 1010 610,145 2.5 x 107 
2010 8.52 x 1010 6 17,391 2.5 x l o 7  
201  1 . 8.63 x 1010 625,362 2.5 x 107 

2013 a 8.83 x 1010 639,855 2.6 x l o 7  
8.94 x 1010 647,826 2.6 x l o 7  
9.05 x 1010 655,797 2.7 x 107 

2016 9.16 x 1010 663,768 2.7 x 107 

G% 
2004 , 

2007 8.22 x 1010 595,632 2.4 x 10 

63;;:; 

2017 9.27 x 1010 671,739 2.7 x 107 
2018  9.38 x 1010 679,710 2.7 107 

li 

2019  9.49.x 1010 687,981 2.8 x 107 + 

r 
7 6  



T a b l e  9 
W 

w NEW M E X I C O  ENERGY INSTITUTE--GEOTHERMAL D I R E C T  USE ENERGY P R O J E C T I O N S - -  
C O M B I N E D  INDUSTRIAL AND RESIDENTIAL APPLICATION WITH PRIVATE DEVELOPER 

P r o j e c t e d  g e o t h e r m a l  G a l l o n s  o f  o i l  K i l o w a t t  h o u r s  o f  
v Year  e n e r g y  on l j n e  (BTUs) r e p 1  aced e l e c t r i c i t y  r e p l a c e d  

, 
1980 -0- -0- -0- 

-0- -0- ' -0- 
-0- -0- -0- 

1981  
1982 
1983 6.18 x lo1' 447,826 1.8 x l o 7  

Y 1984 6.25 x 1010 452,899 1.8 x 107 
1985 I 6.33 x 1010 458,696 1.9 x 107 

1987 6.48 x 1010 469,565 1.9 x 107 
1986 6.40 x lo1' 463,768 1.9 x 107 

1988 6.56 x 1010 475,362 1.9 x 107 
6.63 x 1010 480,435 1.9 x 107 

1992 6.88 x 1O1O 498,551 2.0 x 107 

6.71 x 1010 476,232 2.0 x 107 
1991  6.79 x 1010 492,029 2.0 x 107 

1993 6.96 x 1010 504,348 2.0 x 107 
1994 ' 7.04 x 10'0 510,145 2.1 x 107 
1995 7.13 x 1010 5 1  6,667 2.1 x 107 

+t 1996 7.21 x 1010 522,464 2.1 x 107 
1997 7.30 x 1010 528,986 2.1 x 107 
1998 7.39 x 1010 535,507 2.2 x 107 
1999  7.48 x 1010 542,029 2.2 x 107 
2000  7.56 x 1010 547,826 2.2 x 107 
2001  7.66 x lo1' . 555,072 2.2 x 107 

568,116 2.3 x l o 7  
2004  7.93 x 1010 574,638 2.3 x 107 
2005 8.03 x 1010 , 581,884 2.4 x l o 7  
2006 8.13 x 101o 589,130 2.4 x l o 7  

8 2008  8.32 x 1010 602,899 2.4 x l o 7  
2009 8.42 x 1010 610,145 . 2.5 x l o 7  
2010 8.52 x 10'0 ' 617,391 2.5 x l o 7  
201  1 8.63 x 1010 625,362 2.5 x l o 7  
2012 8.73 x 1010 632,609 2.6 x l o 7  

1989 
0 1990  

561,594 2.3 x 107 Q 2002 7.75 x 1010 
2003 7.84 x 1010 

2007  8.22 x 1010 595,632 2.4 x 107 

2013 8.83 ~ ' 1 0 1 0  639,855 2.6 x 107 
2014 8.94 x 1010 647,826 2.6 x 107 

2017 9.27 x 1010 671,739 2.7 x 107 

2015 9.05 x 1010 ' 655,797 2.7 x l o 7  
2016 9.16 x 1010 663,768 2.7 x l o 7  

2018 9 . 3 8 . ~  
10;; 

679,710 2.7 x 10; 
- 2019 9.49 x 10 687,981 2.8 x 10 
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111. THE RESOURCE I 

A. G e n e r a l  I n f o r m a t i o n  LI 
Y 

e v e r a l  g e o t h e r m a l  a r e a s  i n  L i n c o l n  C o u n t y  w i t h  t h e  
p o t e n t i a l .  f o r  c o m m e r c i a l  deve lopmen t .  The p r i m a r y  ones a r e  i n  t h e  
C a l i e n t e  a r e a  and Ash S p r i n g s .  I n  a d d i t i o n  t o  t h e s e ,  t h e r e  a r e  

u s e v e r a l  o t h e r  s i t e s  where t h e r m a l  w a t e r  has been encoun, tered 
( F i g u r e  6 ) .  The f o l l o w i n g  p o r t i o n  o f  t h i s  r e p o r t  i n c l u d e s  a d i s -  
c u s s i o n  o f  t h e  known g e o t h e r m a l  a r e a s  i n  L i n c o l n  C o u n t y  w i t h  a 
b r i e f  d e s c r i p t i o n  of  t h e  known c h a r a c t e r i s t i c s  o f  t h e  r e s o u r c e s .  

v E v a l u a t i o n  o f  t h e  g e o t h e r m a l  r e s e r v o i r  a s s o c i a t e d  w i t h  each 

of  t h e s e  r e s o u r c e s  i s  d i f f i c u l t  because o f  t h e  l i m ' i t e d  i n f o r m a t i o n  
c u r r e n t l y  a v a i l a b l e .  The s i z e  o f  t h e  r e s e r v o i r s  i s  t a k e n  f r o m  t h e  
USDOE p u b l i c a t i o n  Geo the rma l  D i r e c t  Hea t  Use M a r k e t  P o t e n t i a l .  

(u The h e a t  e n e r g y  s t o r e d  i n  t h e  r e s e r v o i r  was d e t e r m i n e d  a c c o r d i n g  . 
t o  m e t h o d o l o g y  p r e s e n t e d  i n  U.S.G.S. C i r c u l a r  790. U s i n g . t h i s  
me thodo logy ,  t h e  p o t e n t i a l  h e a t  e n e r g y  f o u n d  i n  a g e o t h e r m a l  
r e s e r v o i r  i s  c a l c u l a t e d  u s i n g  such  known f a c t o r s  as t h e  s u r f a c e  

0 a r e a  o f  t h e  r e s e r v o i r ,  t h e  d e p t h  o f  t h e  r e s e r v o i r ,  t h e  t e m p e r a t u r e  

o f  t h e  r e s e r v o i r ,  and t h e  s p e c i f i c  h e a t  o f  r o c k .  The f o r m u l a  used 
f o r  t h i s  c a l c u l a t i o n  i s :  ( 2 7 )  

0 q r  = pc x a x d ( t  - t r e f )  

q r  = r e s e r v o i r  t h e r m a l  e n e r g y  i n  BTU's 
pc = v o l u m e t r i c  s p e c i f i c  h e a t  o f  r o c k  p l u s  w a t e r  40.284 B T U / f t 3 / " F  

0 s e r v o i r  a r e a  
s e r v o i r  t h i c k n e s s  

t = r e s e r v o i r  t e m p e r a t u r e  
r e f e r e n c e  t e m p e r a t u r e  ( 5 9 "  F.) 

ci, 

E x i s t i n g  t e c h n o l o g y  i s  n o t  c a p a b l e  o f  e x t r a c t i n g  a l l  o f  t h e  
e n e r g y  f t h e  g e o t h e r m a l  r e s e r v o i r .  To g i v e  a more r e a l i s t i c  
v a l u e  t o  t h e  e n e r g y  o b t a i n a b l e ,  an a s s u m p t i o n  o f  2 5  p e r c e n t  o f  t o -  

CI t a l  r e s e r v o i r  c a p a c i t y  i s  used. T h i s  v a l u e  s h o u l d  b e  c o n s i d e r e d  
an e s t i m a t e  and may o r  may n o t  be  r e p r e s e n t a t i v e  o f  t h e  a c t u a l  
r e s e r v o i r  c o n d i t i o n s .  

W 
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c, . 
I t  s h o u l d  be emphasized t h a t  t h e  i n f o r m a t i o n  p r e s e n t e d  abou t  

each g e o t h e r m a l  r e s e r v o i r  i s  based on t h e  b e s t  i n f o r m a t i o n  c u r -  
r e n t l y  a v a i l a b l e .  The c o n d i t i o n s  i n  t h e  r e s e r v o i r  may be c o n s i d -  
e r a b l y  d i f f e r e n t  f r o m  t h o s e  i n d i c a t e d .  Any p a r t y  i n v e s t i g a t i n g  
t h e  deve lopmen t  o f  any o f  t h e s e  r e s o u r c e s  i s  u rged  t o  c o n t a c t  t h e  

Nevada B u r e a u  o f  M ines  and GeQlogY o r  t h e  E a r t h  S c i e n c e  L a b o r a t o r y  
o f  t h e  U n i v e r s i t y  o f  Nevada, Las Vegas f o r  a d d i t i o n a l  r e s o u r c e  

r m a t i o n  and t o  engage t h e  s e r v i c e s  o f  a r e p u t a b l e  c o n s u l t i n g  
f i r m  i n  a s s e s s i n g  g e o t h e r m a l  r e s e r v o i r s  and p l a n n i n g  f o r  t h e i r  

W 

'u 

deve lopmen t .  

'I 
B. C a l i e n t e  A rea  

1. D e s c r i p t i o n  ( l 2 ,  21 )  

U '  
The commun i t y  o f  C a l i e n t e  l i e s  i n  an a rea  

r e s o u r c e s .  H i s t o r i c a l l y ,  t h e r e  have been f l o w  
r e c o r d e d  t e m p e r a t u r e s  r a n g i n g  f r o m  100' F. t o  

o f  known g e o t h e r m a l  
ng h o t  s p r i n g s  w i t h  
118' F. Because o f  

. t h e  c u r r e n t  w a t e r  demand i n  t h e  a r e a  t h e s e  s p r  ngs a r e  n o t  f l o w i n g  
t o d a y .  T h e r e  i s ,  however, some i n d i c a t i o n  t h a t  t h e r e  i s  under -  
g r o u n d  f l o w  ' i n t o  C a l  i e n t e  Creek. ' 

H o t  w a t e r  has been f o u n d  i n  many w e l l s  around C a l i e n t e .  The 
warmest t e m p e r a t u r e s  r e c o r d e d  i n  t h e  a r e a  was f r o m  t h e  Aqua C a l i -  
e n t e  T r a i l e r  P a r k  w e l l ,  The 160' F. w a t e r  f r o m  t h i s  w e l l  i s  c u r -  

e a t  abou t  20 m o b i l e  homes, a l a u n d r y  f a c i l -  
e. As t h e  g e o t h e r m a l  f l u i d s  m i x  w i t h  t h e  

a p p a r e n t l y  become c o o l e r  and m i g r a t e  s o u t h w a r d  
g r o u n d w a t e r  f l o w  i n  Meadow V a l l e y  
d i c a l  f a c i l i t y ,  t h e  maximum r e c o r -  

s 120' F. As t h e  g e o t h e r m a l  f l u i d s  move south,  

Y 

4$ 

F, a r e  r e c o r d e d  i n  s h a l l o w  w e l l s  ( 

o f  1979, t h e  Nevada Bureau o f  M ines  and 
sessment o f  t h e  geo the rma l  r e s e r v o i r  i n  t h e  
l o w i n g  i n f o r m a t i o n  i s  based on t h a t  assess- 



Cane Spr ing - - - - - - - - - - - . . - - - - - - - - - - - - - - -  54' F. 1 

' Aqua C a l i e n t e  T r a i l e r  P a r k - - - - - - - - - - -  153' F.' 2 '  
L i n c o l n  C o u n t y  M e d i c a l  F a c i l i t y  

R e i n j e c t i o n  w e l l - - - - - - - - - - - - - - - - -  84' F 3 
Abandoned w e l l - - - - - - - - - - - - - - - - - -  118' F. 3 

Hot  S p r i n g  Mote.1 W e l l - - - - - - - - - - - - - - - -  113' F. 4 

' L .  Van K i r k  W e l l - - - - - - - - - - - - - - - - - - - - -  109' F. 5 
L. Van K i r k  Well---------------------lOg' F .  6 
R . S .  Van K i r k  W e l l - - - - - - - - - - - - - - - - - - -  109' F. 7 
K. P h i l l i p s  W e l l - - - - - - - - - - - - - - - - - - - - -  107' F. 8 
Church  o f  t h e  L a t t e r  Day S a i n t s  W e l l - - 7 5 '  F.  9 

. M i l l e r  W e l l - - - - - - - - - - - - - - - - . - - - - - - - - -  104' F. 10 
C i t y  W e l l  a t  p a r k - - - - - - - - - - - - - - - - - - - - -  59' F. 11 

w 

0 

cy 

F i g u r e  6 shows t h e  l o c a t i o n  o f  t h e  w e l l s  l i s t e d  above. 

Volume e 
The l i m i t s  t o  t h e  C a l i e n t e  g e o t h e r m a l  r e s e r v o i r  a r e  v e r y  d i f -  

f i c u l t  t o  d e f i n e .  The h i g h e s t  t e m p e r a t u r e s  i n  t h e  r e s e r v o i r -  ap- 
p e a r  t a  b e  n e a r  t h e  n o r t h e r n  p a r t  o f  t h e  communi ty  w i t h  a g r a d u a l  
d e c r e a s e  t o w a r d s  t h e  s o u t h  as t h e  g e o t h e r m a l  f l u i d s  a r e  m i x e d  w i t h  
l o c a l  g r o u n d w a t e r ,  Because o f  t h i s  g r a d u a l  t r a n s i t i o n  between 

1 w a t e r  and g r o u n d w a t e r ,  e x a c t  l i m i t s  on t h e  s i z e  o f  t h e  
e s e r v o i r  c a n n o t  b e  s p e c i f i c a l l y  d e f i n e d .  However, t h e  a r e a  i n  

i c h  t h e r m a l  w a t e r  has been f o u n d  c o v e r s  an a r e a  o f  somewhat l e s s  
e s q u a r e  m i l e ,  Dep th  o f  t h e  r e s e r v o i r  i s  unknown, b u t  t h e  

h i g h e s t  w a t e r  t e m p e r a t u r e s  r e c o r d e d  were f r o m  a w e l l  o n l y  88 f e e t  

deep. F o r  c a l c u l a t i o n  p u r p o s e s  t h e  vo lume o f  t h e  C a l i e n t e  geo- 
t h e r m a l  r e s e r v o i r  has been d e t e r m i n e d  t o  b e  0.35 c u b i c  m i l e . ( 2 5 )  

Y 

w 

r3 

u 
I 

CI 
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Water C hemi s t r y  ,trd 
w 

T a b l e  8 shows t h e  w a t e r  c h e m i s t r y  a n a l y s e s  f o r  12 w e l l s  i n  
t h e  s t u d y  area. These a n a l y s e s  i n d i c a t e  t h a t  t h e  w a t e r  meets a l l  
s t a n d a r d s  f o r  s a f e  d r i n k i n g  w a t e r  a l t h o u g h  a few  samples v i o l a t e  

Y t h e  i r o n  s t a n d a r d .  

E n e r g y  C o n t e n t  ( 2 7 )  

, 

P o t e n t i a l  h e a t  e n e r g y  f o u n d  i n  t h e  r e s e r v o i r - - - - - - 0 2 . 1  x 1014 BTUs 
Heat  e n e r g y  e x t r a c t a b l e  w i t h  e x i s t i n g  t e c h n o l o g y - - - 5 . 2  x 1013 BTUs v 

B. O t h e r  Geothermal  Resources i n  L i n c o l n  C o u n t y  I 

(r3 I. Panaca Warm S p r i n g s ( l 2 )  

Panaca Warm S p r i n g s  a r e  l o c a t e d  i m m e d i a t e l y  n o r t h  o f  t h e  town 
o f  Panaca. The s p r i n g s  r a n g e  i n  t e m p e r a t u r e  f r o m  85'  t o  88 "  F. 

v The f l o w  r a n g e s  between 1,800 and 6,277 g a l l o n s  p e r  m i n u t e .  Cur- 

r e n t l y ,  w a t e r  f r o m  t h i s  a r e a  i s  b e i n g  used f o r  Panaca ' ls  m u n i c i p a l  
w a t e r  s u p p l y .  Nearby w e l l s  have w a t e r  r a n g i n g  i n  t e m p e r a t u r e s  70' 
t o  78' F. T y p i c a l  w a t e r  c h e m i s t r y  a n a l y s e s  a r e  l i s t e d  i n  Appendix  

0 1. These a n a l y s e s  i n d i c a t e  t h a t  w a t e r  f r o m  Panaca Warm S p r i n g s  

mee ts  a l l  s t a n d a r d s  f o r  s a f e  d r i n k i n g  w a t e r .  The vo lume o f  t h e  
Panaca Warm s p r i n g s  g e o t h e r m a l  r e s e r v o i r  i s  e s t i m a t e d  a t  0.24 

c u b i c  m i l e . ( 2 4 )  

E n e r g y  C o n t e n t ( 2 7 )  
0 

P o t e n t i a l  h e a t  e n e r g y  f o u n d  i n  t h e  r e s e r v o ' i r - - - - - - - 4 . 1  x 1013 BTUs 
Hea t  e n e r g y  e x t r a c t a b l e  w i t h  e x i s t i n g  t e c h n o l o g y - - - 1  .O x 1013 BTUs 

Y 

S p e c i a l  N o t e  
Panaca Warm S p r i n g s  a r e  l o c a t e d  i n  a d e s i g n a t e d  g round  w a t e r  

b a s i n  and a r e  s u b j e c t  t o  s p e c i a l  r e g u l a t i o n  b y  t h e  S t a t e  Water En- 
W g i n e e r ' s  O f f i c e .  

w 

W 
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i 

2. Delmue's S p r i n g s ( l 2 )  
W 

The t w o  De lmue ls  Sp ngs a r e  l o c a t e d  about  s i x  m i l e s  n o r t h -  
e a s t  of Panaca Warm S p r i n g s .  The t e m p e r a t u r e  o f  t h e  s p r i n g s  a r e  
70"  Fm w i t h  a 2 0 0 - g a l ' l o n  p e r  m i n u t e  f l o w  r a t e .  The w a t e r  i s  used 
f o r  i r r i g a t i o n .  No w a t e r  c h e m i s t r y  i n f o r m a t i o n  i s  a v a i l a b l e .  The 
vo lume o f  t h  r e s e r v o i r  i s  e s t i m a t e d  a t  0.24 c u b i c  m i l e . ( 2 5 )  

@ 

Y 

( 2 7 )  

P o t e n t i a l  h e a t  e n e r g y  f o u n d  i n  t h e  r e s e r v o i r - - - - - - -  1.6 x 1013 BTUs 
H e a t  e n e r g y  e x t r a c t a b l e  w i t h  e x i s t i n g  t e c h n o l o g y - - - 3 . 9  x 1 0 l 2  BTUs  

W 

3. F l a t n o s e  Ranch S p r i n g s ( l 2 )  

The F l a t n o s e  Ranch S p r i n g s  a r e  abou t  12 m i l e s  n o r t h e a s t  o f  
Panaca Warm S p r i n g s .  Tempera tu res  up t o  77" F. have been r e c o r d -  . 
ed. F l o w  r a t e s  a r e  up t o  400 g a l l o n s  p e r  m i n u t e .  The w a t e r  i s  
used  f o r  i r r i g a t i o n .  One t y p i c a l  w a t e r  c h e m i s t r y  a n a l y s i s  f o r  t h e  
F l a t n o s e  Ranch S p r i n g s  i s  g i v e n  i n  Appendix  1. Water f r o m  t h i s  
g e o t h e r m a l  r e s e r v o i r  meets a l l  s t a n d a r d s  f o r  s a f e ,  d r i n k i n g  w a t e r .  
The vo lume o f  t h i s  r e s e r v o i r  i s  e s t i m a t e d  a t  0.24 c u b i c  

e 

Y 

z m i l e . ( 2 4 )  
0 

E n e r g y  C o n t e n t ( 2 6 )  
P o t e n t i a l  h e a t  e n e r g y  f o u n d  i n  t h e  r e s e r v o i r - - - - - - -  2.6 x 1013 BTUS 
H e a t  e n e r g y  e x t  t a b l e  w i t h  e x i s t i n g  t e c h n o l o g y - - - 6 . 4  x 1012 BTUs 

0 

4, H i k o  S p r i n g s , ( l 2 )  
, .  

H i k o  S p r i n g s  a r e  l o c a t e d  i n  t h e  n o r t h e a s t e r n  p y r t i o n  of  
P a h r a n a g a t  V a l l e y .  Tempera tu res  r a n g e  between 80"  and 90"  F. and 
f l o w  r a t e s  'between 538  and 2,499 g a l l o n s  p e r  m i n u t e .  The w a t e r  i s  
c u r r e n t l y  used f o r  i r r i g a t i o n  and f o r  d o m e s t i c  pu rposes .  T y p i c a l  

t e r  c h e m i s t r y  . a n a l y s e s  a r e  l i s t e d  i n  Appendix  1. Water f r o m  

0 

Y 

u 

w 
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u 

S p r i n g s  meets a l l  s t a n d a r d s  f o r  s a f e  d r i n k i n g  w a t e r .  The v01.- 

e of  t h i s  g e o t h e r m a l  r e s e r v o i r  i s  e s t i m a t e d  t o  be 0.24 c u b i c  &I 
0 

E n e r g y  C o n t e n t ( 2 7 )  
P o t e n t i a l  h e a t  e n e r g y  f o u n d  i n  t h e  r e s e r v o i r - - - - - - -  4.1 x 1013 BTUs 

' . '  H e a t  e n e r g y  e x t r a c t a b l e  w i t h  e x i s t i n g  t e c h n o l o g y - -  1.1 x 1013 BTUs 
0 

5. C r y s t a l  S 

r3 
C r y s t a l  S p r i n g s  i s .  l o c a t e d  about  f i v e  m i l e s  s o u t h  o f  H i k o  

s. T e m p e r a t u r e s  r a n g e  f r o m  8 1 "  t o  90"  F. and f l o w  r a t e s  
,680 t o  9 , 0 0 0 J g a l l o n s  p e r  m i n u t e .  There  a r e  a t  l e a s t  two  

s p r i n g s .  The w a t e r  has been used f o r  i r r i g a t i o n  and f o r  d o m e s t i c  
pu rposes .  T h r e e  t y p i c a l  w a t e r  c h e m i s t r y  a n a l y s e s  a r e  g i v e n  i n  Ap- 
p e n d i x  1. Water f r o m  C r y s t a l  S p r i n g s  meets a l l  s t a n d a r d s  f o r  s a f e  

i n g  w a t e r .  The volume o f  t h i s  r e s e r v o i r  i s  e s t i m a t e d  t o  be 
c u b i c  m i l e . ( 2 4 )  

E n e r g y  C o n t e n t ( 2 7 )  
~ 

P o t e n t i a l  h e a t  e n e r g y  f o u n d  i n  t h e  r e s e r v o i r - - - - - - - 4 . 4  x 1013 BTUs 
e n e r g y  e x t r a c t a b l e  w i t h  e x i s t i n g  t e c h n o l o g y - - - 1 . 1  x 1013 BTUs t 

0 

0, about  seven m i l e s  s o u t h  o f  C r y s t a l  

T h e r e  a r e  s i  ma in  s p r i n g s  r a n g i n g  i n  t e m p e r a t u r e  be- 

tween  88' and 9 7 "  F. ow r a t e s  r a n g e  between 7,630 and 10,300 
g a l l o n s  p e r  m i n u t  w a t e r  i s  used f o r  i r r i g a t i o n , .  r e c r e a t i o n  

p r o d u c e d  i n ' A p p e n d i x  1. ' Water f r o m  Ash S p r i n g s  meets a l l  s t a n d -  
a r d s  f o r  s a f e  d r i n k i n g  w a t e r .  The Ash S p r i n g s  g e o t h e r m a l  r e s e r -  

0 and d o m e s t i c  p u r p  T y p i c a l  water-  c h e m i s t r y  an'alyses a r e  r e -  . 

i m a t e d  t o  have a volume o f  0.24 c u b i c  m i l e . ( 2 5 )  

Y 

u 

W 
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Energy C o n t e n t  ( 2 7 )  

W P o t e n t i a l  h e a t  e n e r g y  f o u n d  i n  t h e  r e s e r v o i r - - - - - - - 5 . 4  x 1013 BTUs 
Heat  e n e r g y  e x t r a c t a b l e  w i t h  e x i s t i n g  techno logy - - -1 .4  x 1013 BTUs Y 

7. Geyser Ranch S p r i n g s ( 1 2 )  

A s e r i e s  o f  warm s p r i n g s  a r e  l o c a t e d  i n  t h e  Geyser Ranch a t  
t h e  n o r t h  end o f  Lake V a l l e y .  R e p o r t e d  t e m p e r a t u r e s  r a n g e  between 
6,5' and 75'  F. and f l o w  between 50 and 1,400 g a l l o n s  p e r  m i n u t e .  
The w a t e r  i s  used f o r  i r r i g a t i o n  purposes.  A t y p i c a l  w a t e r  chem- 
i s t r y  a n a l y s i s  i s  g i v e n  i n  Append ix  1. Water f r o m  Geyser Ranch 
S p r i n g s  meets a l l  s t a n d a r d s  f o r  s a f e  d r i n k i n g  wa te r .  T h i s  r e s e r -  
v o i r  i s  e s t i m a t e d  t o  have a s i z e  o f  a t  0.24 c u b i c  m i l e . ( 2 5 )  

'0 

W 

Energy  C o n t e n t ( 2 6 )  
@ 

P o t e n t i a l  h e a t  e n e r g  f o u n d  i n  t h e  r e s e r v o i r - - - - - - - 2 . 3  x 1013 BTUs 
Heat  e n e r g y  e x t r a c t a b l e  w i t h  e x i s t i n g  t e c h n o l o g y - - - 5 . 7  x 1012 BTUs 

0 
S p e c i a l  N o t e  

Geyser Ranch s p r i n g s  i s  l o c a t e d  i n  a d e s i g n a t e d  g r o u n d w a t e r  
b a s i n  and i s  s u b j e c t  t o  s p e c i a l  r e g u l a t i o n  b y  t h e  S t a t e  Water En- 
g i n e e r ' s  O f f i c e .  

13 w 

8. Hammond R a n c h ( l 2 )  

' A l a r g e  warm s p r i n g  i s  l o c a t e d  a t  t h e  head o f  Camp V a l l e y  on 
t h e  Hammond Ranch. The w a t e r  has a t e m p e r a t u r e  o f  84'  F ,  and i s  
used f o r  i r r i g a t i o n .  No w a t e r  c h e m i s t r y  i n f o r m a t i o n  o r  f l o w  r a t e  
i s  c u r r e n t l y  a v a i l a b l e  on t h i s  warm s p r i n g .  The volume i s  e s t i -  
mated t o  be 0.24 c u b i c  m i l e . ( 2 5 )  

V 

43 

g y  ~ o n t e n t ( z 7 )  1 

P o t e n t i a l  h e a t  e n e r g y  f o u n d  i n  t h e  r e s e r v o i r - - - - - - - 3 . 6  x 1013 BTUs 

Hea t  e n e r g y  e x t r a c t a b l e  w i t h  e x i s t i n g  technology--8.9 x 1012 BTUs 
W 
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9. Sand S p r i n g s ( l 2 )  

td 
v Sand S p r i n g s  i s  t h e  o n l y  r e p o r t e d  t h e r m a l  a r e a  i n  n o r t h -  

. w e s t e r n  L i n c o l n  County.  I t  has a t e m p e r a t u r e  o f  96' F. and a f l o w  
r a t e  o f  0.2 g a l l o n s  p e r  m i n u t e .  S e v e r a l  w e l l s  i n  t h e  v i c i n i t y  
have t e m p e r a t u r e s  r a n g i n g  f r o m  " j u s t  warm" up t o  8 3 "  F. One t y p i -  

,ca81 w a t e r  c h e m i s t r y  a n a l y s i s  i s  g i v e n  i n  Appendix  1. T h i s -  a n a l y -  
s i s  i n d i c a t e s  t h a t  w a t e r  f r o m  t h e  Sand S p r i n g s  a r e a  meet a l l  

The Sand S p r i n g s  a r e a  g e o t h e r -  
mal  r e s e r v o i r  i s  e s t i m a t e d  t o  be 0.24 c u b i c  m i l e  i n  s i z e . ( 2 5 )  

E n e r g y  C o n t e n t ( 2 7 )  I 

I 

V '  

, s t a n d a r d s  f o r  s a f e  d r i n k i n g  wa te r .  

w 

P ' o t e n t i a l  h e a t  e n e r g y  f o u n d  i n  t h e  r e s e r v o i r - - - - - - - 3 . 4  1013 BTUs 
8.5 x 1 0 l 2  BTUs ' H e a t  e n e r g y  e x t r a c t a b l e  w i t h  e x i s t i n g  t e c h n o l o g y -  

Y 

S p e c i a l  N o t e  
Sand S p r i n g s  i s  l o c a t e d  i n  a d e s i g n a t e d  g roundwate  r b a s i n  and 

i s  s u b j e c t  t o  s p e c i a l  r e g u l a t i o n  b y  t h e  S t a t e  Water E n g i n e e r ' s  
O f f i c e .  0 

10. Benne t t . ' s  S p r i n g s  

B e n n e t t ' s  S p r i n g s  a r e  l o c a t e d  about  12 m i l e s  west  o f  Panaca 
Warm S p r i n g s .  They have a t e m p e r a t u r e  o f  70" F., a . f l o w  o f  10 
g a l l o n s  p e r  m i n u t e ,  and a r e  used t o  w a t e r  c a t t l e .  No w a t e r  chem- 
i s t r y  a n a l y s e s  a r e  a v a i l a b l e .  The volume o f  t h i s  g e o t h e r m a l  ' r e -  
s e r v , o i r  i s  e s t i m a t e d  t o  be 0.24 c u b i c  m i l e . ( 2 5 )  

,, 

Y 

P o t e n t i a l  h e a t  e n e r g y  f o u n d  i n  t h e  r e s e r v o i r - - - - - - - l s 6  x 1013 BTUs 
x t r a c t a b l e  w i t h  e x i s t - i n g  t e c h n o l o g y - - - 3 . 9 ,  x 1 0 l 2  BTUs 

0 

aP 
I 
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I V .  THE USES hi 
u 

A. G e n e r a l  I n f o r m a t i o n  

Uses f o r  g e o t h e r m a l  e n e r g y  f a l l  i n t o  t w o  b r o a d  c a t e g o r i e s ;  
e l e c t r i c a l  g e n e r a t i o n  and d i r e c t  use o f  t h e  h o t  w a t e r .  E l e c t r i c a l  
g e n e r a t i o n  on a p r a c t i a l  commerc ia l  s c a l e  r e q u i r e s  b o t h  a h i g h  

e m p e r a t u r e  r e s o u r c e  and a l a r g e  g e o t h e r m a l  r e s e r v o i r .  I t  appears 
' t h a t  none of  the,  g e o t h e r m a l  a reas  i n  L i n c o l n  Coun ty  meet t h e s e  

D i r e c t  uses o f  g e o t h e r m a l  e n e r g y  a r e  more v a r i e d .  and can  
e c o n o m i c a l l y  use b o t h  l o w e r  t e m p e r a t u r e  and l e s s  e x t e n s i v e  r e -  
s o u r c e s .  F i g u r e  7 i l l u s t r a t e s  t h e  v a r i o u s  t y p e s  o f  uses f o r  geo- 

Y t h e r m a l  e n e r g y  and t h e  t e m p e r a t u r e  r e q u i r e m e n t s  f o r  each use. 

S e v e r a l  of  t h e s e  uses may be deve loped  i n  L i n c o l n  County.  

Y 

'W c r i t e r i a .  

B. C a l i e n t e  A r e a  

The g e o t h e r m a l  r e s o u r c e  f o u n d  i n  t h e  C a l i e n t e  a r e a  has been 
p u t  t o  use  t o  t h e  advan tage  o f  s e v e r a l  o f  t h e  c i t i z e n s  o f  t h e  com- 
m u n i t y .  I n  1978, t h e  U n i t e d  S t a t e s  Depar tmen t  o f  Energy  awarded a 
$30,000 A p p r o p r i a t e  Techno logy  G r a n t  t o  t h e  Aqua T r a i l e r  P a r k  t o  
i n s t a i l  t h e  n e c e s s a r y  f a c i l i t i e s  t o  s u p p l y  t h e  h e a t i n g  demands o f  
a b o u t  50 t r a i l e r  s i t e s ,  a d i n g ,  and a b a t h  and shower 
house. 

I n  1979, a n o t h e r  A p p r o p r i a t e  T e c h n o l o g y  G r a n t  was i s s u e d  t o  
t h e  W i l l i a m  C. D i l s  M e d i c a l  C e n t e r  i n  C a l i e n t e  f o r  t h e  p u r p o s e  o f  

r i l l i n g  t w o  w e l l s  and r e t r o f i t t i n g  t h e  h o s p i t a l ' s  h e a t i n g  sys tem 
o use g e o t h e r m a l  h e a t .  Two w e l l s  have been d r i l l e d .  The warmest 

i s  100' F'. a t  8 0  f e e t .  I t  i s  e s t i m a t e d  t h a t  g e o t h e r m a l  e n e r g y  i s  
s u p p l y i n g  a b o u t  75 p e r c e n t  o f  t h e  h e a t i n g  needs a t  t h e  h o s p i t a l .  

ri 

Y 

U 

Y 

I W 

I, 

~ 38 
r 



W TEMPERATURE 

W 
W 

ORATION OF HIGHLY CONC. SOLUTIONS 

TEMPERATURE RANGE OF ' 
CONVENTIONAL ELECTRICAL 
POWER PRODUGTION 

R EFRl G ERATl ON BY AMMONIA ABSORPTI ON 
DIGESTION IN PAPER PULP, KRAFT 

DRYING OF DIATOMACEOUS EARTH 
Y 

DRYING OF TIMBER 

ALCOHOL DISTILLATION 
'u 

CANNING OF FOOD 

V 
EXTRACTION OF SALTS BY EVAPORATION AND CRYSTALIZATION 

, CONCENTR. OF SALINE SOLUTION 

0 

WASHING AND DRYING OF WOOL 

0 
INTENSIVE DE-ICING OPERATIONS 

GREENHOUSES BY SPACE HEATING 
CALIENTE HOT SPRINGS 

0 

MUSHROOM GROWING 
0 

MMING POOLS, BIODEGRADATION, FERMENTATION 

DELMUE'S SPRING, GEYSER RANCH, BENNETTS SPRINGS 
RM WATER FOR YEAR AROUND MINING IN COLD CLIMATES, DE-ICING 

W 

v FIGURE 7. GEOTHERMAL USE TEMPERATURES. 

- ? a -  



t h e  p e o p l e  o f  C a l i  t e  prompted t h e  

r t m e n t  o f  Energy  ( M D O E ) ,  t h e  Nevada eau of Mines and 
MG), and t h e  Oregon I n s t i t u t e  o f  T e c h n o l o g y  ( O I T ]  t o  do 
s t u d y  o f  t h e  geo the rma l  sys tem and an e n g i n e e r i n g  and 

o,f i n s t a l l i n g  a d i s t r i c t  h e a t i n g  system 

o l o g i c a l  s t u d y  b y  t h e  NBMG(21) i n c l u d e d  s 
i o n  o f  e x i s t i n g  g e o l o g i c  and h y d r o l o g i c  d a t  

e r p r e t a t i o n  t o  d e f i n e  s t r u c t u r a l  c o n t r o l s ;  r e c o n n a i s s a n c e  
v e s t i g a t i o n s ;  t e m p e r a t u r e  measurements o f  e x i s t i n g  

t e r  w e l l s ;  c o l l e c t i o n  and a n a l y s e s  o f  w a t e r  samples f r o m  e x i s t -  
, i n g  w e l l s ,  s u r f a c e  w a t e r s ,  and s p r i n g s ;  a two-mete r  t e m p e r a t u r e  
p r o b e  s u r v e y ;  and c o l l e c t i o n  o f  s o i l  samples f o r  m e r c u r y  a n a l y s i s .  

t h e  e x e c u t  n of a l l  of t h e s e  t a s k s  and t h e  r e c e i p t  of 
a t o r y  r e s u l  , g e o l o g i s t s  f rom t h e  NBMG made t h e  s i t i n g  
a t i o n  ' f o r  t w o  p r o d u c t i o n  w e l l s .  

0 

t C o n c u r r e n t l y  w i t h  t h e  g e o l o g i c a l  s tudy ,  t h e  NDOE and OIT con- 
d u c t e d  a j o i n t  eng in ,ee r ing  and economic f e a s i b l i i t y  s t u d y  

' d i s t r i c t  space h e a t i n g  s y s t e m . ( l 7 )  The r e s u l t s  o f  t h i  
i n d i c a t e d  t h a t  such a g e o t h e r m a l  h e a t i n g  system i s  ' e c o n o m i c a l l y  

' a s s u m i n g  t h a t  a 160'> F. s o u r c e  c a p a b l e  o f  d e l i v e r i n g  a 
d o f  850 g a l l o n s  p e r  m i n u t e  f r o m  a r e l a t i v e l y  s h a l l o w  

d e p t h  can  be 1 a t e d  w i t h i n  o r  n e a r  t h e  c i t y  b o u n d a r i e s .  The com- 
m u n i t y ,  w i t h  t h e  a s s i s t a n c e  o f  t h e  NDOE i s  c u r r e n t l y  e x p l o r i n g  
methods o f  f i n a n c i n g  such a development .  ' 

a r e  s e v e r a l  o t h e r  t y p e s  o f  a p p l i c a t i o n s  t h a t  c o u l d  make 

u s e - . o f  ' w a t e r  i n  t h e  t e m p e r a t u r e  r a n g e  f o u n d  i n  C a l i e n t e .  These 
n c l u d e  t h e  a q u a c u l t u r a l  .I , r a i s i n g  o f  f i s h  and prawns, g reenhous ing ,  
a r i o u s  an' imal h u s b a n d a r y  p r a c t i c e s ,  r e c r e a t i o n ,  and l o w  tempera-  

t u r e  i n d u s t r i a l  p r o c e s s i n g .  S e v e r a l  of t h e s e  a c t i v i t i e s  c 
combined i n  a c a s c a d i n g  sequence where t h e  w a t e r  i s  passed f r o m  

0 

0 

' o n e  u s e r  t o  a n o t h e r  as t h e  t e m p e r a t u r e  dec reases .  

T I , '  



B. O t h e r  Geothermal  Resources i n  L i n c o l n  C o u n t y  

The p o t e n t i a l  uses f o r  t h e  o t h e r  t e n  g e o t h e r m a l  r e s o u r c e s  i n  
L i n c o l n  Coun ty  somewhat a r e  l i m i t e d  b y  b o t h  t h e i r  l o w  t e m p e r a t u r e s  
and r e m o t e  l o c a t i o n s .  A l l  o f  t h e  r e m a i n i n g  t h e r m a l  s p r i n g s  i n  
L i n c o l n  C o u n t y  have t e m p e r a t u r e s  o f  l e s s  t h a n  100' F. W i t h  t h e  
e x c e p t i o n  o f  Ash S p r i n g s ,  a l l  a r e  some d i s t a n c e  f r o m  any n e a r b y  
p o p u l a t i o n  c e n t e r s .  ' 

T y p i c a l  uses f o r  geo the rma l  w a t e r  w i t h  t e m p e r a t u r e s  c h a r a c -  
t e r i s t i c  o f  t h e s e  s p r i n g s  i n c l u d e  r e c r e a t i o n a l  deve lopmen ts ,  f i s h  

- f a r m i n g ,  prawn f a r m i n g  and h e a t i n g ,  o r  c o o l i n g  u s i n g  h e a t  pumps. 
Ash S p r i n g s ,  n e a r  t h e  s m a l l  community o f  Alamo, has a l r e a d y  under -  

one deve lopmen t  i n t o  a r e c r e a t i o n a l  f a c i l i t y  f o r  l o c a l  r e s i d e n t s  
d an o c c a s i o n a l  t o u r i s t .  The o t h e r  s p r i n g s  a r e  t o o  c l o s e  t o  Ash 

S p r i n g ,  o r  t o o  f a r  f r o m  any p o p u l a t i o n  base f o r  s i g n i f i c a n t  r e c r e -  

-The s t a f f  o f  t h e  U n i v e r s i t y  o f  Nevada, Reno i s  i n v e s t i g a t i n g  
t h e  deve lopmen t  p o t e n t i a l  o f  v a r i o u s  s p r i n g s  i n  L i n c o l n  County f o r  
t h e  p r a w n f a r m i n g  i n d u s t r y .  The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  sug- 
g e s t s  t h a t  t h e  o n l y  s p r i n g  w i t h  t h e  t e m p e r a t u r e  and f l o w  s u f f i c -  
i e n t  f o r  e c o n o m i c a l l y  f e a s i b l e  deve lopmen t  i s  Ash S p r i n g $ .  I t  i s  
c o n c e p t u a l l y  ' p o s s i b l e  t o  d i v e r t  w a t e r  f r o m  t h e  c h a n n e l  l e a v i n g  t h e  
r e c r e a t i o n a l  development  i n t o  l a r g e  prawn ponds. T h i s  w a t e r  c o u l d  
t h e n  be d i s p o s e d  o f  b y  d i v e r t i n g  i t  i n t o  he e x i s t i n g  d r a i n a g e  

a n n e l s .  The w a t e r  l e a v i n g  t h e  prawn pond would have p i c k e d  up 
t r i e n t s  f r o m  t h e  ponds mak ing  i t  advantageous f o r  r a n c h e r s  t o  
e f o r  i r r i g a t i o n .  There a r e  t w o  p o t e n t i a l  p r o b l e m s  

e o f  deve lopmen t :  o b t a i n i n g  t h e  n e c e s s a r y  l a n d  on w h i c h  t o  
t h e  prawn ponds, and o b t a i n i n g  r i g h t s  t o  use t h e  wa te r .  
hough most of + t h e  w a t e r  w i l l  be o n l y  t e m p o r a r i l y  d i v e r t e d ,  

e w i l l  e v a p o r a t  I f  w a t e r  i s  i n  e x t r e m e  demand i n  t h e  a rea ,  
e r s i o n  may a d v e r s e l y  a f f e c t  end u s e r s .  The 

E n g i n e e r ' s  O f f i c e  i s  b e i n g  c o n t a c t e d  b y  U n i v e r -  

i t y  s t a f f ,  t o  e v a l u a t e  t h e  e x i s t i n g  w a t e r  r i g h t s  and t h e  p o t e n t i a l  

c-ii 
0 

0 

w 

3 ~' 

t i o n a l  deve lopmen t .  

CD 

s u c h  a problem. 
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R a n c h i n g  i s  an i m p o r t a n t  f a c t o r  t o  t h e  economy o f  t h e  a r e a .  

The  u s e  o f  s e v e r a l  warm s p r i n g s  f o r  v a r i o u s  t y p e s  o f  a n i m a l  hus- 
b a n d a r y  a c t i v i t i e s  c o u l d  o n l y  i m p r o v e  t h e  e c o n o m i c  s i t u a t i o n  o f  
t h e  a g r i c u l t u r a l  communi ty .  

W 

- 4 2 -  



Y 

V .  COpCLUSION 

The p o t e n t i a l  f o r  geo the rma l  development  i n  L i n c o l n  County i s  
somewhat l i m i t e d .  I n  s p i t e  o f  t h i s ,  t h e r e  has a l r e a d y  been sub- 
s t a n t i a l  deve lopmen t  i n  t h e  C a l i e n t e  area. A t r a i l e r  pa rk ,  sev- 
e r a l  p r i v a t e  r e s i d e n t s ,  and a h o s p i t a l  a r e  u s i n g  g e o t h e r m a l  e n e r g y  

Recen t  s t u d i e s  comp le ted  b y  NBMG, NDOE, and O I T  i n d i c a t e  t h a t  
i t  i s  t e c h n i c a l l y  and e c o n o m i c a l l y  f e a s i b l e  t o  d e v e l o p  a g e o t h e r -  
mal  d i s t r i c t  space h e a t i n g  system i n  C a l i e n t e .  I n  t h i s  s tudy ,  

'u NBMG l o c a t e d  two  p o t e n t i a l  w e l l  l o c a t i o n s . ( 2 1 )  O I T ' s  s t u d y  
i n d i c a t e d  t h a t ,  based on an e i g h t  p e r c e n t  bond f i n a n c i n g  o f  a cap- 
i t a l  i n v e s t m e n t  f o r  equipment  o f  $2,500,000, a p r e s e n t  w o r t h  o f  
a b o u t  $5,400,000 wou ld  be g e n e r a t e d  o v e r  t h e  p r o j e c t  l i f e , ( l 7 )  
t h u s  m a k i n g  i t  e c o n o m i c a l l y  f e a s i b l e  t o  d e v e l o p  a d i s t r i c t  h e a t i n g  
s y s t e m  i n  t h e  c o m m u n i t y . ( l 7 )  

The t o t a l  e n e r g y  saved b y  t h e  i n s t a l l a t i o n  o f  such a d i s t r i c t  
h e a t i n g  sys tem wou ld  be 63 m i l l i o n  KWH o f  e l e c t r i c i t y  and 7.5 m i l -  

Such a s a v i n g  i n  e l e c t r i c a l  e n e r g y  c o u l d  r e d u c e  t h e  i m p a c t  o f  
t h e  g r o w t h  o f  t h e  c o u n t y  on f u t u r e  e l e c t r i c a l  e n e r g y  demands. By 
r e d u c i n g  t h i s  demand, t h e  need t o  i m p o r t  e x p e n s i v e  e l e c t r i c a l  en- 

Ash S p r i n g s ,  n e a r  t h e  communi ty  o f  Alamo, a l s o  has some po- 
t e n t i a l  f o r  t h e  development  o f  an a q u a c u l t u r a l  i n d u s t r y  i n  a d d i -  
t i o n  t o  t h e  c u r r e n t  use o f  t h e  s i t e  as a r e c r e a t i o n a l  area. I f  

0 s u c h  a deve lopmen t  d i d  i n d e e d  o c c u r ,  t h e  b e n e f i t s  d e r i v e d  f r o m  
h a v i n g  a new i n d u s t r y  i n  t h e  a r e a  t o  b roaden  t h e  economic base of  
t h e  commun i t y  would ,be n o t i c e a b l e .  

The o t h e r  warm s p r i n g s  i n  L i n c o l n  C o u n t y  appear  a t  t h i s  t i m e  
u ewhat r e s t r i c t e d  deve lopmen t  p o t e n t i a l  . The t e m p e r a t -  

se  s p r i n g s ,  t h e i r  d i s t a n c e  f r o m  any p o p u l a t i o n  base, 
and f l o w  r a t e  c h a r a c t e r i s t i c s  would make t h e  deve lopmen t  o f  t h e s e  
r e s o u r c e s  somewhat l e s s  t h a n  o p t i m a l .  However, i f  e x i s t i n g  con- 

0 d i t i o n s  changed and became c o n d u c i v e  t o  t h e  deve lopmen t  o f  t h e s e  
r e s o u r c e s ,  t h a t  development  c o u l d  add much t o  t h e  economic base of 

w 
0 

8 t o  meet some o f  t h e i r  space h e a t i n g  and h o t  w a t e r  needs. 

w 

v l i o n  t h e r m s  o f  f o s s i l  f u e l  o v e r  t h e  l i f e  o f  t h e  system. 

w e r g y  f rom new s u p p l i e r s  would be d i m i n i s h e d .  

hj 
t h e  c o u n t y .  

Y 

t h e  c o u n t y .  

Y 
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Summar iz ing,  t h e r e  a r e  many d i f f e r e n t  t y p e s  o f  b e n e f i t s  t o  be  
d e r i v e d  f r o m  t h e  deve lopmen t  o f  t h e  g e o t h e r m a l  r e s o u r c e s  i n  
L i n c o l n  County.  These i n c l u d e ,  b u t  a r e  n o t  l i m i t e d  t o :  

(iL4 
9 

1. C r e a t i n g  new i n d u s t r y .  
2. E x p a n d i n g  e x i s t i n g  i n d u s t r y .  
3 .  C r e a t i n g  new j o b s .  
4 .  C r e a t i n g  a d d i t i o n a l  s p e n d a b l e  income i n  t h e  r e g i o n .  
5 .  B r o a d e n i n g  b o t h  t h e  economic and t a x  base  o f  b o t h  t h e  

c o u n t y  and t h e  s t a t e .  
6.  D i s p l a c i n g  t h e  use o f  e x p e n s i v e ,  d i m i n i s h i n g  f o s s i l  f u e l  

f o r  e i t h e r  d i r e c t  use o f  f o r  e l e c t r i c a l  g e n e r a t i o n .  
The deve lopmen t  o f  t h e  g e o t h e r m a l  r e s o u r c e s  l o c a t e d  i n  

Y 

Y 
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V I .  ADDITIONAL I N F O R M A T I O N  

A d d i t i o n a l  i n f o r m a t i o n  on t h e  o c c u r r e n c e ,  c h a r a c t e r ,  o r  de- 
Y 

ve lopmen t  o f  Nevada's g e o t h e r  
w r i t i n g ,  c a l l i n g ,  o r  v i s i t i n g  n y  of t h e  f o l l o w i n g :  

1 r e s o u r c e s  may be o b t a i n e d  by', 

I S  

Y 
Nevada Depar tment  o f  Energy  

400 West K ing,  S u i t e  106 
Carson City, Nevada 89710 

(702 )  885-5157 

Y Nevada Depar tment  o f  C o n s e r v a t i o n  
' and N a t u r a l  Resources 

201 South F a l l  S t r e e t  
Carson  City, Nevada 89710 . .  

( 7 0 2 )  885-4380 

0 Nevada Bureau o f  Mines and Geo logy  
U n i v e r s i t y  o f  Nevada-Reno 

Reno, Nevada 89557 

U.S. Bureau o f  Land Management 

300 Boo th  S t r e e t  
Reno, Nevada 89509 

( 7 0 2 )  784-6691 

0 Room 3008, F e d e r a l  B u i l d i n g  

(702 )  784-5748 

U.S. G e o l o g i c a l  S u r v e y  

4600 K i e t z k e  Lane 
Reno, Nevada 89502 

U n i v e r s i t y  o f  Nevada, Las Vegas 

D i v i s i o n  o f  E a r t h  S c i e n c e  
255 B e l l  

Reno, Nevada 89503 

0 D i s t r i c t  Geothermal  O f f i c e  

( 7 0 2 )  784-5676 

0 E n v i r o n m e n t a l  Research C e n t e r  

( 7 0 2 )  784-6151 
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1. Water Chemistry Analyses 

Identification pH S i 0 2  3 co3 so4 c1 F NO2 B TDS 
Panaca Warm Springs 

0 - 283 178 0 27 18 - Spring 8.1 46 0.3 40 23 2.1 

C. Kenneth Lee South We1 1 51 0 31 9.8 38 6.8 189 - 29 15 1.6 2.6 0.1 271 
blatnose Ranch Springs 

- 20 - 30 10 42 162 0 44 20 0 - - 247 Spring 
Hiko Springs 

Spring 8.0 33 ,- 44 23 29 7.2 260 0 36 1 1  -05 .05 12 494 

- - - 45 27 17 - 268 - 24 8.9 Spring - - - - 
- - - 10.5 - Spring - - -  48 23.2 29.9 - 281 0 .35 . 5 

Crystal Springs 
1 Spring 7.2 31 - 46.2 22.2 23.9 5.5 242 0 47 9.9 2.9 0.6 0.4 - 

- - - - 13 7.0 - Spring - 55 23 37 - 264 

Spring 8.4 28 0 45 23 23 5.2 272 27 8.0 0.5 1.1 0.2 295 - 
Ash Springs 

0.7 - 332 - 34.1 21 Little Ash 
Spring 7.6 29 -01 56 14 31 5.6 266 0 

- .37 - 0 43.8 10.5 - Spring - - 46 18.1 20.9 - 256 
- - - - Spring 6.4 53.6 10.0 47.2 - 264 40.7 13.6 - 

Geyser Ranch Springs 
- 5.0 3.0 0 0.6 115 181 Geyser Springs 8.0 13 - 30 3.4 3.0 1.0 103 

Sand Springs - - - - 0 25 5 Spring 8.0 - - 36 22 - 67 357 
Nevada Safe Drinking Water 250 250 500 
Stand ar ds -03 125 
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