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AB ST RACT 

Since the las t  conference, a fourth well has been dr i l led  to  an inter-  
mediate d e p t h  and tested as a production well, w i t h  plans t o  use this well 
in the long term for  injection of f luids  into the s t r a t a  above the pro- 
duction s t r a t a .  The t h i r d ,  t r i p l e  legged well has been fu l ly  pump tes ted,  
and the recovery of the second well from an injection well back to  production 
s ta tus  has revealed very interest ing data on the reservoir conditions around 
tha t  well. 

Both interference tes t ing and geochemistry analysis shows t h a t  the t h i r d  
well i s  producing from a d i f fe ren t  aquifer than t h a t  supplying the No. 2 
well. 
making pressure communication between these aquifers quite negligible. 
These resu l t s  have led to  s ignif icant ly  d i f fe ren t  models fo r  the aquifer 
system than those previously believed to  apply. 

There i s  an effect ive barr ier ,  ye t  unidentified as to  s t ructure ,  

THE 4-WELL SYSTEM 

The Raft River Geothermal Program now has 3 deep production wells,  w i t h  pro- 
ducing zones between 3750 and 6000 f t .  
recently d r i l l ed  for  injection tes t ing into the zone between 1850 and 2500 f t .  
Figure 1 shows the location of the wells w i t h  respect t o  the major f au l t s  
i n  the region. Figure 2 shows cross sections of each well. Additional de- 
t a i l s  on these wells may be found i n  Reference l ( l a s t  year ' s  conference). 

PRODUCTION TESTING 

An intermediate depth well was 

RRGE- 1 

T h i s  well has been used as a Froduction well fo r  the l a s t  18 months, w i t h  
greater than 95% capacity factor.  
variety of heat exchanger t e s t s ,  corrosion coupon t e s t s ,  and water fo r  
several d i rec t  heat u t i l i za t ion  experiments. Flow rates  were deliberately 
throt t led t o  supply only the f luids  essential  fo r  these t e s t s  (150 to  300 
gallons/minute (0 t o  20 l i t e r s / sec ) ,  a l l  u s i n g  the artesian head. 
of 100 p s i g  m i n i m u m  have been maintained i n  a l l  heat exchanger and coupon 
tes t ing to  prevent off-gasing and entry of a i r  i n to  these systems. 
* T h i s  work has been performed under contract  t o  the U.S. Department of 

I t  has been s u p p l y i n g  f l u i d s  fo r  a 

Pressures 

Energy, Division of Geothermal Energy, and Idaho Operations Office. 
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The w e l l  performance da ta  d u r i n g  t h e  1 8  months has shown no decrease i n  
p r o d u c t i v i t y  vs pressure,  i f  a n y t h i n g  a s l i g h t  inc rease.  The drawdown 
s i n c e  t h e  s t a r t  o f  t h e  l o n g  term o p e r a t i o n  i s  so f a r ,  on t h e  t ime 
l o g a r i t h m i c  sca le .  
have occur red  as demanded by t h e  v a r i e t y  o f  exper iments,  and a r e  t h e  pre-  
dominant v a r i a b l e  change. 

S h o r t  te rm f l u c t u a t i o n s  i n  f l o w  (and hence pressure)  

The apparent  p r o d u c t i v i t y  curve f o r  t h i s  w e l l  i s  as shown i n  F i g u r e  3. I t  
i s  t h e  most p r o d u c t i v e  w e l l  i n  the  r e s e r v o i r .  The chemis t ry  o f  t h e  f l u i d s  
has 
2-1/2 y e a r s  ago. 
shown no change d u r i n g  t h i s  p e r i o d ,  
13-3/8 i n .  cas ing,  t h e  temperature l o s s  i n  t h e  w e l l  bore i s  o n l y  approx i -  
mate ly  12°C (22°F) .  A t  t h e  nominal  des ign f l o w  r a t e  o f  1200 ga l /min  (80 
l i t e r s / s e c )  p lanned f o r  t h i s  w e l l  w i t h  a pump i n  p lace,  temperature l o s s  
shou ld  be reduced by n e a r l y  a f a c t o r  of 4. 
h e l d  a t  147°C (296°F). 

remained e s s e n t i a l l y  t h e  same as a f t e r  t h e  f i r s t  thorough f l o w  t e s t i n g ,  
Temperature has 

A t  these low f l o w  r a t e s ,  w i t h  t h e  l a r g e  
D isso lved s o l i d s  a re  1550 ppm ( m g / l i t e r ) .  

Produc t ion  zone temperatures have 

RRGE-2 

No s i g n i f i c a n t  f l o w  t e s t i n g  d u r i n g  t h e  l a s t  12 months, 

RRGE- 3 

A submers ib le  pump was i n s t a l l e d  i n  t h i s  w e l l  a t  t h e  800 f t  (244 m) l e v e l .  
Pump t e s t i n g  a t  500 t o  600 gal /min (90 l / s e c )  have been conducted f o r  
p e r i o d s  o f  severa l  weeks t o  a month i n  d u r a t i o n .  These have been a t  
c o n s t a n t  f l o w ,  u s i n g  the  Thies asympto t ic  s e m i l o g a r i t h m i c  approach t o  
o b t a i n  t r a n s m i s s i v i t y  and p e r m e a b i l i t y  th ickness  f a c t o r s .  Except f o r  
some p o s s i b l e  e a r l y  t ime e f f e c t s  b e f o r e  encounter ing  a nearby boundary, the  
Thies a n a l y s i s  shows e x c e l l e n t  l i n e a r l y  (semi log  p l o t )  , g i v i n g  a 
T = 850 f 100 gal /day f t  and kH - 8000 i 1000 m i l l i d a r c y - f t .  

Pressure comnunicat ion does n o t  appear t o  occur,  a t  l e a s t  unambiguously 
over  a two week p e r i o d ,  w i t h  RRGE-2, 7000 f t  away, as measured w i t h  a 
q u a r t z  t r ansduce r  w i  t h  fO. 01 p s i  sensi t i  v i  t y .  Somewhat 1 ess ambiguous 
i n d i c a t i o n  o f  pressure communication has been observed w i t h  t h e  i n t e r m e d i a t e  
depth RRGI-4, 5000 f t  away, The c h e m i s t r y  o f  t h e  RRGE-3 w e l l  has been 
g e n e r a l l y  c o n s i s t e n t  th roughout  1-1/2 years  o f  l i m i t e d  t e s t i n g  (because of 
d i f f i c u l t y  i n  d i s p o s i n g  o f  the  w a t e r )  a t  4150 ppm ( m g / l i t e r ) .  

RRGI-4 

T h i s  w e l l  was completed i n  May 1977, t o  be used f o r  i n j e c t i o n  t e s t i n g  o f  
the f e a s i b i l i t y  o f  d i s p o s i n g  o f  w a t e r  i n t o  the  i n t e r m e d i a t e  depth a q u i f e r .  
I t  has 13-3/8 i n .  cas ing  t o  1835 ft, and i s  b a r e f o o t  f r o m  t h e r e  t o  i t s  t o t a l  
p r e s e n t  depth o f  2840 ft. The r e l a t i v e l y  permeable s e c t i o n  appears t o  ex- 
tend f r o m  t h e  cas ing  bottom t o  about 2500 ft.* Though t h e  w e l l  accepted 
* When d r i l l i n g  o u t  the  shoe, t h e  l o w e r  two s e c t i o n s  o f  cas ing  (80 f t  t o t a l )  

dropped o f f  and a r e  wedged between 1895 and 1975 ft, e f f e c t i v e l y  b l o c k i n g  
o u t  t h e  f o r m a t i o n  i n  t h i s  reg ion .  
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gave a t r a n s m i s s i v i t y  o f  1600 -L 200 g a l / &  
day ft. Th is  value i s  n o t  much d i f f e r -  .E 
e n t  f rom RRGE-2. The w e l l  has about 
2300 ppm ( m g / l i t e r )  s o l i d s  coming from 
the producing reg ion .  I t  has s l i g h t  2 
pressure communication w i th  RRGE-3,' ._ 

qu i  t e  no t i ceab le  communi c a t i  on w i  t h  the ! 2 
USGS No. 3 w e l l  (1300 ft deep, 2200 E 200.- 

ft away), and no de tec tab le  comnunica- 
t i o n  t o  date w i t h  RRGE-1 o r  2. an V 

4 3 0 0 -  e 
e 

C a, 

GEOCHEMISTRY 

The chemist ry  o f  t he  waters produced 
f rom the th ree  deep w e l l s  and the  
Crank (400 f t  o r  122m) and BLM (500 f t  
o r  152m) w e l l s  has shown t h a t  the  
chemical species i n  these w e l l s  seem 
t o  be o r i g i n a t i n g  Prom two q u i t e  
d i f f e r e n t  systems, 
i s t r y  s i m i l a r  t o  RRGE-3 (4150 ppm) , 
t h e  o t h e r  s i m i l a r  t o  RRGE-2 (1250 ppm) 
RRGE-1 , the  BLM, and t h e  Crank we1 1s 
appear t o  be mix tu res  o f  these two 
systems, as shown i n  Table 1. I n  t h a t  
Table ,* X represents  the  f r a c t i o n a l  
c o n t r i  buv ion f rom the  system 
rep resen ta t i ve  o f  RRGE-2. 

The one has chem- 

m- 
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Figure  3 - We1 1 p r o d u c t i v i t y  vs , 
drawdown a f t e r  cons tan t  
f low f o r  10 y r  pe r iod .  
Note: Wells 1, 2, 3 have a 
p o s i t i v e  ( a r t e s i a n )  head o f  
150 p s i  g when a t  hot"equi  1 i - 
br ium."  The 4 t h . w e l l  has an 
a r t e s i a n  head o f  40 ps ig .  

It thus appears t h a t  t he  most chemical laden waters and those w i t h  the  h ighes t  
i n d i c a t e d  r e s e r v o i r  temperatures are  upwe l l i ng  i n  the reg ion  o f  RRGE-3 and 
the  Crank w e l l ,  and l e a k i n g  i n t o  the  area near  RRGE-1 and the  BLM w e l l .  
p u r e r  waters are apparent ly  f eed ing  RRGE-2 ( t o  the  no r theas t )  and l e a k i n g  
i n t o  the  BLM and RRGE-1 areas. RRGI-4, f o r  the l i t t l e  i t  has flowed, a l s o  
seems t o  be composed o f  bo th  waters.  

Muck 

CONCLUSI0i.IS 

The long  hypothes ized model of the  geothermal heat  source be ing  l o c a t e d  
away f rom the  immediate area, w i t h  the  h o t  waters be ing  f e d  i n t o  the  reg ion  of 
the  w e l l s  v i a  the "narrows" s t r u c t u r e  t o  the  southwest, i s  n o t  supported 
by the  geochemical ana lys is .  Instead,  i t  would seem t h a t  another  model 
would be t h a t  o f  a h o t  p l a t e  e f f e c t  under much o f  the v a l l e y ,  w i t h  a l o c a l i z e d  
somewhat h o t t e r ,  p o o r l y  convec t ive  reg ion  near RRGE-3. 
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I TABLE I 

TOTAL DISSOLVED SOLIDS AND MIXING FRACTIONS 
IN THE RAFT RIVER WELLS 

RRGE-2 RRGE- 1 B LM Crank RRGE-3 

TDS 1267 1560 1640 3720 41 30 

Apparent 
Reservoir 
Tempe r a t u  re  

si '2 

X m 1 .898 .870 ,143 0 

158°C 155°C -- -- 165°C 
Na/K/Ca 185°C 180°C -- -- 190°C 

I t  does appear t h a t  a b a r r i e r  of some type e x i s t s  between RRGE-3 and the other 
two deep wells , r e s t r i c t i n g  both pressure and flow communication, i so la t ing  the 
two systems w i t h  qu i te  d i s t i n c t l y  d i f f e r e n t  chemistry. 

Final ly ,  the longer term t e s t  has not shown any major boundary r e s t r i c t i o n s  o r  
w i t h  s i g n i f i c a n t  regions of highly channelled flow (none i s o t r o p i c ) .  Based 
on these t e n t a t i v e  conclusions and the information presented i n  Ref. 1 ,  one 
can conclude the following about the known reservoir ,  t h a t  w i t h i n  a mile 
of the e x i s t i n g  three wells. 

( 2 )  Minimum area of Known reservoi r  Q 5 sq m i .  
Geothermal Aquifer Capacity - 300,000 a c r e - f t  , with e f f e c t i v e  porosity of 

Near su r face  a q u i f e r  probably conta ins  

% 0.15. 

12 mill ion acre 
200,000 acre  f t  

only) = 160 MW-Centuries mt 20 MW-Centuries ne t  e l e c t r i c a l  
output w i t h  binary-isobutane conversion system. 

and sees annual prec ip i ta t ion  of fh 
Geothermal aquifer  heat content (known reservoir  only, heat above 250°F 
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