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Abs t rac t  

ROOSEVELT HOT SPRINGS UNIT DEVELOPMENT 

A CASE HISTORY 

M . J .  Kerna and T.S. A l l en  

P h i l l i p s  Petroleum Company Geothermal Opera t ions  
- S a l t  Lake C i t y ,  Utah 

The Roosevel t  Hot Spr ings  Unit  (RHSU) was uni-  
t i z e d  i n  A p r i l  1976 and was t h e  first geothermal 
u n i t  approved by t h e  United S t a t e s  Department of 
I n t e r i o r .  A t  t h e  t i m e ,  P h i l l i p s  Petroleum Company 
w a s  named u n i t  o p e r a t o r .  I n  t h e  f a l l  of 1980, 
af ter  an  e x t e n s i v e  r e s e r v o i r  t e s t i n g  and market ing 
e f f o r t ,  a c o n t r a c t  w i t h  Utah Power and L igh t  (UP&L) 
was executed f o r  t h e  sale of steam t o  produce 120 
MW of e l e c t r i c i t y .  Design of t h e  f i r s t  20 MW 
geothermal  power p l a n t  began immediately and con- 
s t r u c t i o n  ensued i n  August of 1982. The s t a r t u p  
of t h e  20 MW geothermal  power p l a n t  occurred i n  
A p r i l  1984. The fo l lowing  RHSU case h i s t o r y  pre- 
s e n t a t i o n  i n c l u d e s .  a g e o l o g i c a l  d e s c r i p t i o n ,  
e x p l o r a t i o n  review,  t e s t i n g  and d a t a  c o l l e c t i o n ,  
r e s o u r c e  and r e s e r v o i r  e v a l u a t i o n ,  and t h e  20 MW 
geothermal  power p l a n t .  

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

RHSU is l o c a t e d  i n  Beaver County, Utah, (Ref- 
e r e n c e  F igu re  1) approximately 165 miles s o u t h  of 
S a l t  Lake C i t y  and 12 miles n o r t h e a s t  of t h e  town 
of Milford.  The F e d e r a l  u n i t  is  8 miles long  
(north-south)  and 6 miles wide ( eas t -wes t ) ,  and is  
s i t u a t e d  between t h e  wes te rn  f o o t h i l l s  of t h e  Min- 
eral  Range Mountains and t h e  n o r t h e a s t e r n  edge of 
t h e  E s c a l a n t e  Va l l ey .  The Fede ra l  u n i t  c o n s i s t s  
of some 25,946 a c r e s  of Fede ra l ,  S t a t e  and f e e  
l e a s e s  c u r r e n t l y  h e l d  by P h i l l i p s  Petroleum Company; 
O'Brien Resources;  Milford Resources,  I n c . ;  Graywes 
Resources,  I n c . ;  Steam Reserve Corporat ion;  VTN 
Consol idated,  Inc . ;  and Union O i l  Company. 

Development of RHSU began i n  1975 wi th  t h e  
d r i l l i n g  of d i scove ry  w e l l  RHSU 3-1. To d a t e  13 
wells have been d r i l l e d  by t h e  Unit  P a r t n e r s  and 
ove r  20 s e p a r a t e  f low tests, r ang ing  i n  d u r a t i o n  
from 1 hour  t o  9 months, have been conducted. 
C u r r e n t l y ,  t h e  20 MW s i n g l e  f l a s h  power p l a n t  is 
f e d  by t h r e e  of f o u r  p roduc t ion  wells. Two of 
t h r e e  i n j e c t i o n  wells are used t o  d i s p o s e  of t h e  
brine. .  
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' i g u r e  1 RHSU F i e l d  Locat ion Map 

Geolopy 

The n o r t h e r n  p o r t i o n  of t h e  Esca lan te  Va l l ey ,  
commonly r e f e r r e d  t o  as Milford Val ley,  is a Basin 
and Range s t r u c t u r e .  
RHSU is  approximately 30 miles long (north-south)  
and 12 m i l e s  wide ( eas t -wes t ) .  A sequence of nor-  
m a l  Basin and Range f a u l t s  marks t h e  t r a n s i t i o n  
between Mi l fo rd  Va l l ey  and t h e  Mineral  Range. 

The mountain r ange  c o n t a i n i n g  

I n  t h e  the rma l  area, rocks  beneath t h e  t h i n  
veneer  of a l luv ium are e i t h e r  igneous i n t r u s i v e  
rocks  from a g r a n i t i c  p l u t o n  of l a t e  Cenozoic age  
o r  metamorphic rocks  of Pre-Cambrian age.  
t h e s e  rocks  have almost  no i n t e r g r a n u l a r  p o r o s i t y  
o r  p e r m e a b i l i t y ,  p roduc t ion  from t h e  geothermal  
r e s e r v o i r  depends on in t e rconnec ted  f r a c t u r e s .  

S i n c e  
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A cap formed by p r e c j p i t a t i o n  of s i l i c a  and car- 
bona te  mine ra l s  i n  t h e  f r a c t u r e s  conf ines  t h e  res- 
e r v o i r .  The geothermal r e s o u r c e  r e p r e s e n t s  a 
moderate-to-high temperature  (5000F), low s a l i n i t y  
(8,000 TDS), l iquid-dominated t y p e  r e s e r v o i r .  

Development 

Between A p r i l  1975, when RHSU 3-1 w a s  d r i l l e d ,  
and t h e  f a l l  of 1980, when t h e  c o n t r a c t  w a s  s igned  
w i t h  UP&L, e x t e n s i v e  r e s o u r c e  and r e s e r v o i r  eval- 
u a t i o n  w a s  conducted. A g e o l o g i c a l  model of t h e  
r e s o u r c e  w a s  developed u s i n g  geochemical d a t a ,  
temperature  and p r e s s u r e  su rveys ,  and aer ia l  
mapping of t h e  f a u l t s .  A r e s e r v o i r  computer model 
w a s  developed us ing  t h e  g e o l o g i c a l  model and d a t a  
gained from p roduc t ion  tests of t h e  v a r i o u s  w e l l s .  
The p roduc t ion  tests c o n s i s t e d  of f lowing a pro- 
ducer  t o  a p i t  o r  i n j e c t i o n  w e l l  and mon i to r ing  
t h e  o t h e r  w e l l s  f o r  p r e s s u r e  drawdown and bu i ldup  
r e sponse  . 

Produc t ion  w e l l  RHSU 54-3 h a s  been t e s t e d  t h e  
most,  w i t h  over  t e n  s e p a r a t e  tests. I n  1977 a 
s e p a r a t o r  w a s  i n s t a l l e d  w i t h  a n  i n j e c t i o n  p i p e l i n e  
b u i l t  between RHSU 54-3 and i n j e c t i o n  w e l l  RHSU 
82-33. Two long-tend tests of 3 and 9 months 
d u r a t i o n  provided r e s e r v o i r  i n t e r f e r e n c e  d a t a  used 
t o  d e f i n e  and modify t h e  r e s e r v o i r  computer model. 
The c u r r e n t  estimate of r e s e r v o i r  volume is 19 
b i l l i o n  b a r r e l s .  

Wellhead F a c i l i t i e s  and Power P l a n t  Design 

T y p i c a l l y  each p roduc t ion  w e l l  is capab le  of 
producing 1.0 MM lbm/hr of geothermal  f l u i d  t o  t h e  
s u r f a c e  a t  wel lhead p r e s s u r e s  and t empera tu res  ap- 
proaching 380 p s i g  and 440°F, r e s p e c t i v e l y .  The 
two-phase f l u i d  is s e p a r a t e d  a t  approximately 118 
p s i g  i n  t h e  t a n g e n t i a l  e n t r y  wel lhead s e p a r a t o r s .  
Each of t h e  wel lhead s e p a r a t o r  f a c i l i t i e s  is  con- 
t r o l l e d  from a c e n t r a l i z e d  c o n t r o l  pane l .  Minimal 
o p e r a t i n g  l a b o r  is r equ i r ed  because of t h e  u s e  of 
a d i s t r i b u t e d  type  of c o n t r o l  system. 

The des ign  f o r  t h e  p r o d u c t i o n / i n j e c t i o n  system 
u t i l i z e s  e x i s t i n g  w e l l s  t h a t  are d i s t r i b u t e d  a long  
a s t r e t c h  of approximately 3% m i l e s  (Reference 
F igu re  2). Br ine  and steam are supp l i ed  from f o u r  
p roduc t ion  w e l l s ,  w i th  t h r e e  wells r e q u i r e d  f o r  
maximum e l e c t r i c a l  g e n e r a t i o n  and one w e l l  a v a i l -  
a b l e  f o r  maintenance. Two of t h e  t h r e e  i n j e c t i o n  
wells are r e q u i r e d  t o  be  i n  s e r v i c e  f o r  t h e  d i s -  
p o s a l  of b r i n e  du r ing  maximum electrical  g e n e r a t i o n .  
The system is  designed f o r  maximum o p e r a t i o n a l  
f l e x i b i l i t y ,  i . e . ,  v a r i o u s  combinations of produc- 
t i o n  and i n j e c t i o n  wells can b e  i n  s e r v i c e  a t  one 
t i m e .  T h i s  o p e r a t i o n a l  f l e x i b i l i t y  p r e v e n t s  w e l l  
s h u t  i n s  from impacting power p l a n t  e l e c t r i c  gener-  
a t i o n  a v a i l a b i l i t y .  To a c h i e v e  a h igh  degree  of 
o p e r a t i o n a l  f l e x i b i l i t y ,  two s t a g e s  of b r i n e  i n j e c -  
t i o n  pumps are requ i r ed  a long  w i t h  a c e n t r a l i z e d  
b r i n e  s u r g e  v e s s e l .  Th i s  arrangement i s  r e q u i r e d  
due t o  t h e  l a r g e  d i f f e r e n c e s  i n  w e l l  i n j e c t i o n  
p r e s s u r e s  and t o  prevent  s u r g i n g  due t o  long  p i p i n g  
s e c t i o n s  and d i f f e r e n t  wel lhead e l e v a t i o n s .  Small  

b r i n e  b o o s t e r  pumps, a t  each wellhead s e p a r a t o r ,  
t r a n s f e r  t h e  b r i n e  t o  a c e n t r a l i z e d  s u r g e  v e s s e l .  
The e l e c t r i c a l  b r i n e  i n j e c t i o n  pumps t r a n s m i t  t h e  
f l u i d  from t h e  s u r g e  v e s s e l s  t o  t h e  i n j e c t i o n  
wells. 
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F i g u r e  2 RHSU Well Locat ion Map 

The p r o d u c t i o n / i n j e c t i o n  system is r e l a t i v e l y  
expensive i n  comparison t o  some o t h e r  geothermal  
power p l a n t s  due t o  t h e  d i s p e r s e d  l o c a t i o n s  o f  t h e  
wells and t h e  r equ i r emen t s  f o r  maximum o p e r a t i o n a l  
f l e x i b i l i t y  . 
p i p i n g  and 1 m i l e  of steam p ip ing  a r e  r e q u i r e d .  

Approximately 4% m i l e s  of b r i n e  

A t  t h e  wel lhead s e p a r a t i o n  f a c i l i t i e s ,  UP&L 
t a k e s  custody of t h e  steam and b r i n e .  The steam 
is piped t o  t h e  power p l a n t  and t h e  b r i n e  is re- 
p r e s s u r i z e d  a t  a c e n t r a l i z e d  i n j e c t i o n  pad area 
and d e l i v e r e d  t o  P h i l l i p s  a t  t h e  i n j e c t i o n  w e l l  
f o r  d i s p o s a l  (Reference F igu re  3). UP&L owns a l l  
of t h e  p i p i n g  and pumping f a c i l i t i e s .  The power 
p l a n t  g e n e r a t e s  20 Mw ( n e t )  of e l e c t r i c i t y  f rom 
t h e  2.25 MM lbm/hr of geothermal  f l u i d s .  Of t h e  
t o t a l  produced f l u i d s  t h e  400 M lbm/hr of steam is 
d i v e r t e d  t o  t h e  power p l a n t  t u r b i n e  and t h e  re- 
maining 1.85 MM lbm/hr of b r i n e  is  r e i n j e c t e d .  

A t  t h e  power p l a n t ,  t h e  steam is expanded 
through a General  E l e c t r i c  m u l t i s t a g e  steam t u r -  
b i n e ,  producing mechanical  energy t o  d r i v e  t h e  
d i r ec t - coup led  e l e c t r i c  g e n e r a t o r .  Power is  gener-  
a t e d  a t  12.5  KV f o r  i n -p l an t  a u x i l i a r y  equipment 
and f o r  t r a n s m i s s i o n  t o  t h e  46 KV g r i d .  Waste 
h e a t  i n  t h e  steam is r e j e c t e d  t o  t h e  atmosphere 
through a d i r e c t  c o n t a c t  condenser and e v a p o r a t i v e  
cross-f low fo rced  mechanical  d r a f t  coo l ing  tower.  
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F igu re  3 RHSU Wellhead F a c i l i t y  Schematic 

Cooling system water l o s s e s  are o f f s e t  by t h e  
condensed steam. S team- je t - a i r - e j  e c t o r s  are used 
f o r  t h e  removal from t h e  condenser  of non-condensible 
gases  t h a t  a r e  p r e s e n t  i n  t h e  steam. The power 
p l a n t  occupies  an  a r e a  of abou t  6 a c r e s .  Major 
s t r u c t u r e s  w i t h i n  t h e  p l a n t  s i t e  are t h e  a u x i l i a r y  
b u i l d i n g ,  cool ing  tower,  and t h e  t u r b i n e  g e n e r a t o r  
b u i l d i n g  which houses  t h e  power g e n e r a t i o n  equip- 
ment and p l a n t  o f f i c e s .  

Current  o p e r a t i o n s  are geared toward eva l -  
u a t i n g  t h e  20 MW geothermal  power p l a n t ,  wel lhead 
f a c i l i t i e s  and t h e  r e s e r v o i r .  The long r ange  
p lans  c a l l  f o r  c o n t i n u a l  development a t  RHSU w i t h  
t h e  a d d i t i o n  of ano the r  100 MW of e l e c t r i c a l  gener-  
a t i n g  c a p a c i t y  through two 50 MW geothermal  power 
p l a n t s  o r  wellhead e lectr ical  g e n e r a t i n g  u n i t s .  
The Unit  P a r t n e r s  and UP&L are working t o g e t h e r  
i n  an e f f o r t  t o  see t h a t  t h e  geothermal  r e s o u r c e  
is developed t o  i t s  maximum p o t e n t i a l .  
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