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I n  1973 the Idaho Nat ional  Engineering Laboratory (INEL) was funded by 
the Energy Research and Development Admin is t ra t ion  (ERDA) t o  pursue a program 
o f  research and development i n t o  the  geothermal p o t e n t i a l  o f  the  Raf t  River 
Va l ley ,  Cassia County, Idaho. A cooperat ive e f f o r t  was then undertaken 
i nvo l v i ng  Aero je t  Nuclear Company, U.S. Geological  Survey, S ta te  o f  Idaho, 
and the Raf t  R iver  Rural E l e c t r i c  Cooperative. 

The bas ic  geo log ica l  i nves t i ga t i ons  ( p r i n c i p a l l y  the USGS)  were com- 
p l e t z d  i n  l a t e  1974. A meeting was then h e l d  t o  present a l l  a v a i l a b l e  data 
and s e l e c t  a d r i l l i n g  s i t e  f o r  RRGE- 1. The s i t e  was f i n a l l y  located i n  the 
middle o f  Sect ion 23, ~ 2 6 ~ ,  115s. The second s i t e ,  RRGE-2, was located i n  
the extreme nor theast  corner of Sect ion 23. 

G eo 1 og i c S t r uc t u re  

The Raf t  R iver  Va l ley  i s  a t y p i c a l  downfaulted nor th- t rend ing  bas in  
l y i n g  i n  the nor thern  p o r t i o n  o f  the  Basin and Range province. The bas in  i s  
terminated on the n o r t h  by the Snake River  P l a i n  o f  the Columbia River  P la teau 
prov ince.  The major l oca l  s t r u c t u r a l  con t ro l  cons is ts  o f  the Narrows s t r uc-  
t u r e  (NE-SW) and the Br idge Fau l t  (N-S) as depic ted i n  F ig .  1 .  

RRGE- 1 and RRGE-2 Wel ls 

The Raft R iver  Va l ley  i s  composed of  young a l l uv i um der ived  from the 
surrounding mountain ranges, tuf faceous s i l t  and c l ay  o f  the Raf t  Formation; 
tuffaceous s i l t  and sandstone o f  the  S a l t  Lake Formation and q u a r t z i t e  and 
quar tz  monzonite o f  the Pre-Cambrian basement complex. Cross-sect ional  views 
of  R R G E- 1  and RRGE-2 are shown i n  F igs.  2 and 3. 

The essen t i a l  i n fo rmat ion  p e r t a i n i n g  t o  both w e l l s  i s  l i s t e d  below 

RRGE- 1 RRGE-2 

1 .  D r i l l  s t a r t  date 1-4-75 
2. D r i l l  complet ion date 3-31 -75 
3. Average f l o w  650 gpm 
4. Maximum bottom temperature 294°F ( 146" C)  
5 .  Tota l  depth 4989 ft. 
6. Main p roduc t ion  43SO-4900 f t  
7. "Hot" shu t - i n  pressure si1 atm 

4-27-75 
6 - 2 7- 75 >k 
800 gpm 
297°F ( 1  47°C) 
5988 f t *  
4300-5000 f t  
%IO atm 

*RRGE-2 may be deepened by 500 feet  i n  an at tempt t o  f u r t h e r  enhance 
na tu ra l  a r t es i an  product ion. 

Reservoir  Eng ineer inq  

1 .  Downhole Logg i ng 

Several standard and spec ia l  w e l l  logs were run i n  both w e l l s  and inc lude 
the fo.1 lowing: 
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2. Cor 

Sev 

temperature, ca l  i pe r ,  n a t u r a l  gamma, Compensated neutron- format ion 
dens i t y ,  dual i nduc t i on- la te ro l og ,  spontaneous-potent ia l ,  dipmeter, 
compensated gamma dens i ty ,  son ic ,  t e l ev i ewe r ,  and flowmeter. 

ng-Sample Test ing 

r a l  cores were taken a t  d i f f e r e n t  depths i n  both we l l s .  Permeab i l i t y  
va r ies  from 0.002 m i l l i d a r c i e s  f o r  t i g h t  caprock t o  5-10 m i l l i d a r c i e s  f o r  
sane producing tuffaceous sediments as measured under " i n  s i t u "  cond i t ion .  
Fu r the r  pressure t e s t i n g  o f  the  a q u i f e r  have inc luded f r a c t u r e  permeabil- 
i t y  and i n d i c a t e  much h igher  a q u i f e r  permeabi 1 i ty .  

3.  F l o w  Tes t ing  

Both RRGE- 1 and RRGE-2 have undergone extens ive f l ow  t e s t i n g  over extended 
per iods o f  t ime ( 5  weeks a t  200-400 gpm). RRGE-2 discharges approximately 
800 gpm j u s t  p r i o r  t o  reaching the  f l a s h  p o i n t  a t  t he  sur face,  s t a r t i n g  
from a subcooled cond i t ion .  Once f l a s h i n g  begins, the back pressure 
generated i s  a r e s u l t  o f  the  discharge nozz le  con f i gu ra t i on  and deter-  
mines the t o t a l  mass f low.  For  instance: w i t h  275°F o u t l e t  temperature 
a t  the wel lhead, the  maximum n a t u r a l  f l ow  i s  on l y  about 400 gpm w i t h  the 
present p i p i n g  and f 1 asher- separator equipment. 

The water q u a l i t y  remained very constant dur ing  the extended f l o w  t e s t i n g  
averaging 2,000 ppm s o l i d  content.  

A downhole temperature recorder  was run i n  RRGE-2 severa l  times under f low 
and s t a t i c  s h u t i n  cond i t ions .  Under s t a t i c  cond i t ions ,  the temperature 
was 250°F a t  the  bottom o f  the  casing (4230 f t )  and 297OF a t  the bottom 
o f  the w e l l  (5988 f t ) .  P r i o r  in fo rmat ion  had i nd i ca ted  very l i t t l e  produc- 
t i o n  from below 4800 ft. Such a temperature g rad ien t  represents an unusual 
s i t u a t i o n  f o r  a non-producing zone. The g rad ien t  o f  7"F/1758 fr i s  much 
less than even a normal g rad ien t  o f  2'F/100 f t  t h a t  one would expect. 
Th is  anomaly may be the  r e - c l l t  o f  a "hot p l a t e l '  e f f e c t  near the bottom o f  
the w e l l ,  w i t h  c i r c u l a t i o n  above t h a t  i s  apparen t l y  n o t  en te r i ng  the  w e l l  
t o  any g r e a t  e x t e n t  below 4800 ft. 

4. USGS Data Co r re l a t i on  

The cor ing,  logging, and d r i l l i n g  in fo rmat ion  prov ided the  data necessary 
t o  make a c o r r e l a t i o n  between the w e l l  l i t h o l o g y  and the USGS geophysical  
data acqui red i n  the  area. The w e l l  i n fo rmat ion  agreed t o t a l l y  w i t h  the  
i n t e r p r e t e d  geophysical  data except f o r  the basement rock type. i t  was 
l o g i c a l l y  i n f e r red ,  from geophysical  data, t h a t  the basement rock would 
be Paleozoic  sediments. However, the Paleozoic rock sequence, as w e l l  as 
Mesozoic, are apparent ly  miss ing w i t h i n  t he  basin.  

5. We1 1 - K i  1 1  ing Technique 

RRGE-1 was d r i l l e d  i n t o  the p roduc t ion  zone be fo re  the  p roduc t ion  casing 
(13-3/8 in.) was emplaced. 
from the we l l  i n  o rder  t o  i n s t a l l  the casing. Cold water i n j e c t i o n  i n t o  
the w e l l  proved unsuccessful i n  stemming the f low.  
w i t h  881 f t  of  sand and a cement p lug  (120 f t )  i n s t a l l e d  which a l lowed 
casing t o  be set .  

Th is  necess i ta ted  " k i l l i n g "  the a r t es i an  f l ow  

The w e l l  was f i l l e d  
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Reservoir  Model 1 ing 

From the l i m i t e d  data, i t  would appear t h a t  the m a j o r i t y  o f  geothermal 
water o r i g i n a t e s  i n  the Almo Basin (next v a l l e y  west o f  Ra f t  R ive r )  and 
feeds a la rge  r e s e r v o i r  i n  the Raft R iver  Val ley .  Only about 22% o f  the 
annual p r e c i p i t a t i o n  i n  the  Almo Basin can be accounted f o r  by surface 
runo f f .  Fu r t he r  i n v e s t i g a t i o n  i s  con t inu ing  t o  a f f i r m  t h i s  model. 

Power P lan t  Development 

Geothermal power p l a n t s  operat ing from medium temperature (about 150°C) 
water can be expected t o  generate 1 MW (ne t  e l e c t r i c )  f o r  every 250,000 
l b / h r  o f  geothermal water ( the  best o f  we1 Is can be expected t o  produce 
1 m i  1 1  i on  l b / h r .  o r  2000 gal/min. o r  120 1 i t e r s / sec ) .  
w i l l  d i c t a t e  t h a t  a power p l a n t  feeding from a 4 t o  10 square m i l e  area 
o f  r e s e r v o i r  might  generate t y p i c a l l y  50 MW(e). 
w i l l  p u l l  from a s t i l l  l a r g e r  area, needing longer p i p e l i n e s ,  and o f f s e t -  
t i n g  any cos t  advantage o f  lower u n i t  cos t  o f  the power p l a n t  equipment. 
Thus, i t  appears t h a t  50 MW i s  the nominal optimum s ize.  Such a p l a n t  
w i l l  be r e j e c t i n g  300 t o  400 MW o f  waste condenser heat;  and the quest ion 
i s  how t o  best  accomplish t h i s  r e j e c t i o n  o f  heat. Once-through condenser 
coo l ing  from the near sur face c o l d  water a q u i f e r  seems a l i k e l y  method. 
The ne t  e f f e c t  would then be t r a n s f e r  o f  heat from the geothermal aqu i f e r  
t o  the  near sur face  aqu i f e r ,  except f o r  10 t o  15% converted t o  e l e c t r i c i t y .  
The e f f i c i e n c y  o f  the  power p l a n t  would be s i g n i f i c a n t l y  improved as the 
condenser operated a t  20°C instead o f  35 t o  45°C as w i t h  cool  ing towers. 

Reservoir  engineer ing of the withdrawal and r e i n j e c t i o n  from the co ld  water 
a q u i f e r  has rece ived as much a t t e n t i o n  i n  the Raf t  R iver  Program as the 
r e s e r v o i r  engineer ing from the geothermal aqu i fe r .  For tuna te ly ,  na tu re  
usua l l y  prov ides more and l a r g e r  co ld  water aqu i f e r s  than geothermal aqui-  
fe rs ,  s o  so l v i ng  the condenser coo l ing  requirements should no t  be as d i f -  
f i c u l t  as supply ing the heat inpu t  t o  the p l an t .  I t  should be noted t h a t  
such once- through condenser coo l ing  i s  on l y  p e r t i n e n t  f o r  small power 
p l a n t  modules (approximately 50 MW). For  instance, a 2000 MW(th) heat 
r e j e c t i o n  requirement such as t h a t  o f  a la rge  nuc lear  p l a n t  would need 
t o  draw and r e i n j e c t  from t o o  l a rge  an area t o  make p i p i n g  the water an 
economic p r a c t i c a l i t y  i n  most s i t u a t i o n s .  

Well pmp ing  t e s t s  have been conducted over the l a s t  year, from which 
t r a n s m i s s i v i t y  and s torage c o e f f i c i e n t  have been determined. Appl i c a t i o n  
o f  these t o  a d i g i t a l  computer r e s e r v o i r  model show t h a t  the  coo l ing  
requirements f o r  a 50 MW power p l a n t  can be suppl ied w i t h  a w e l l  pa t t e rn  
t ha t  has drawdowns and "drawups" (from r e i n j e c t i o n )  o f  less than an atriios- 
p h e r i c  equ iva len t  pressure head over many years o f  opera t ion .  

Normal we1 1 spacing 

A l a r g e r  p l a n t  module 

We1 1 S t imu la t ion  

1. Water D r i l l i n g  - d r i l l i n g  w i t h  water through the p roduc t ion  zone i n  both 
w e l l s  has proven h i g h l y  successful. 
s ib , le  sea l ing  o f  the  p roduc t ion  zone by mudcake. 

Th is  method has e l im ina ted  the  pos- 
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2. Hydro f rac tu r ing  - RRGE- I  was subjected t o  l i m i t e d  hyd ro f rac tu r i ng  
employing the d r i l l i n g  r i g  mud punps a t  550 gpm and 1400 sp i  f o r  sho r t  
per iods (up t o  3 hours).  No no t i ceab le  e f f e c t  was observed i n  increased 
product i on. 

3.  D r i l l  Stem Test ing - a d r i l l  stem t e s t  was conducted on RRGE-2 a t  the 
bottom o f  the ho le  (4247 f t )  before  p roduc t ion  casing was i n s t a l l e d .  
The t e s t  showed no f l o w  from the bottom 90 f t  o f  the hole. 
conducted using mud t o  t h i s  depth. Immediately upon d r i  l l i n g  deeper 
w i t h  water,  f low was encountered. 

D r i l l i n g  was 

4. Side-Track D r i l l i n g  - i n v e s t i g a t i o n  i s  being conducted a t  present t o  
evaluate the p o t e n t i a l  p roduc t ion  b e n e f i t s  t o  be der ived  from d r i l l i n g  
two and three holes o f f  the main hole.  
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