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The geothermal r e s e r v o i r  a t  Raf t  R iver ,  Idaho, was pene- 
t r a t e d  w i t h  a t h i r d  deep w e l l  i n  the  sp r ing  of 1976. The informa- 
t i o n  deduced from t h i s  w e l l  and the  subsequent t e s t i n g  o f  a l l  three 
w e l l s  i s  presented i n  t h i s  repo r t .  Th is  supplements the  paper pre-  
sented a t  the 1975 Reservoir  Engineer ing conference ( l ) ,  which 
discussed i n  d e t a i l  the experiences w i t h  the  f i r s t  two w e l l s  (5000 
f t  and 6500 f t  deep, respec t i ve l y ,  4000 f t  a p a r t ) .  F igure  1 shows 
the  l o c a t i o n  o f  these w e l l s ,  and the p i p e l i n e  between them. 

The T h i r d  We1 1 

The t h i r d  w e l l ,  about 7000 f t  southeast of the  o the r  two, 
was d r i l l e d  w i t h  w a t e r  and ra the r  thoroughly  tes ted  on the way down 
u n t i l  i t  appeared the  resource o f  the  des i red  temperature had j u s t  
been entered. Casing was then i n s t a l l e d  (be fore  the  w e l l  became too 
d i f f i c u l t  t o  handle) and d r i l l i n g  proceeded i n t o  the resource again 
w i t h  water.  However, the w e l l  was i n i t i a l l y  a poor ( < l o 0  gal/min) 
producer from depth. 

I t  has been planned t o  d i g  severa l  channels a t  depths below 
Ca lcu la t ions  had in -  

0 
the casing, each a t  a 10 
d i ca ted  t h a t  up t o  50% increase i n  f l o w  might be expected i f  the  
second channel cou ld  be 300 t o  400 f t  separated from the  f i r s t  i n  
the  main producing zone. I t  was decided, never the less,  t o  t r y  the  
technique on t h i s  poor producer. S h o r t l y  a f t e r  beginning the  
second channel ( f rom 4500; f t  depth) ,  the  w e l l  began t o  produce 
s i g n i f i c a n t  a r t e s i a n  pressures.  Yet a t h i r d  channel was d r i l l e d ,  
and a f t e r  complet ion the  w e l l  developed a r t e s i a n  f lows o f  800 gpm 
(51 l i t e r s / s e c )  i n i t i a l l y .  Flow was 350 gpm when steam f l a s h i n g  
choked the  f l o w  i n  the  w e l l  bore. 

t o  15' angle away. 

( 1 )  Raft River  Geothermal Reservoir  Engineer ing and Well 
S t imu la t i on ,  J.  F. Junze, L. G .  M i l l e r ,  and R. C .  S toker ,  
page 117 o f  SGP-TR-12 ,  December 15-17, 1975 Conference. 
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Figure  2 shows a cross sec t i on  o f  t h i s  w e l l ,  i n  comparison 
w i t h  t h e  o ther  we l l s .  F igure  3 shows the  paths o f  the th ree  chan- 
ne l s  o f  the  t h i r d  w e l l ,  shown on a ho r i zon ta l  p r o j e c t i o n .  

Logging, Coring, and Reservoir  Analys is  

A f u l l  complement o f  the standard logs was taken on each 
w e l l .  Though neutron and sonic logs g i v e  some c l u e  ( a f t e r  the  
f a c t )  of  where the produc t ion  zones might be, there  i s  s t i l l  no 
r e l i a b l e  c o r r e l a t i o n  t o  use such logs t o  i n d i c a t e  producing 
regions p r i o r  t o  running product ion casing. 
f r a c t u r e  pe rmeab i l i t y ,  the  w e l l  must be l e f t  open ho le  o r  
s l o t t e d  cas ing i n s t a l l e d . )  Perhaps the  main d i f f i c u l t y  i s  t h a t  
t o  da te  i t  i s  no t  p o s i t i v e l y  known where the  producing zones are.  
Flow meters from a number o f  o rgan iza t ions  have f a i l e d  t o  work 
i n  the down ho le  environment. Re- in jec t i on  o f  co ld  water i n t o  
format ion has, where done, g iven c lues  from r e s u l t i n g  temperature 
logs where the  format ion i s  t ak ing  water. These might correspond 
t o  the producing zones. 

( I n  the  case o f  

A number o f  s imulated i n  s i t u  pe rmeab i l i t y  measurements 
w e r e  taken on the cores withdrawn. The r e s u l t s  va r ied  by several  
orders o f  magnitude, even from samples a f o o t  apa r t .  Th is  f u r t h e r  
supports the conten t ion  t h a t  the produc t ion  i s  from f r a c t u r e s  
and no t  from homogeneous pe rmeab i l i t y .  

Well down ho le  pressure response has been measured, both 
i n  the producing w e l l s  and i n  the o ther  two we l l s ,  f o r  several  
combinations o f  the  producing w e l l .  From the data the product 
o f  pe rmeab i l i t y  and r e s e r v o i r  th ickness has been ca lcu la ted ,  
where d e f i n i t i v e  r e s u l t s  were obta ined.  

Wel ls # l  and #2 communicate q u i t e  r e a d i l y  w i t h  each o the r ,  
w i t h  an observable pressure drop w i t h i n  s i x  hours o f  f l ow ing  
the  o ther  w e l l .  
o f  f l ow ing  the o ther  we l l  a t  400 gpm. 

Drawdown o f  3.6 ps i  was observed over a month 

On the  o the r  hand, w e l l  #3 appears t o  be communicating very 
poo r l y  w i t h  the  o ther  two. 
w e l l  # l  cont inuous ly  (180 t o  350 gpm) and w e l l  #2 i n t e r m i t t e n t l y  
(180 gpm f o r  4 weeks), the we l l  #3 observed o n l y  a t o t a l  drop o f  
1 . 3  p s i .  I t  a l s o  e x h i b i t s  no tab ly  d i f f e r e n t  chemistry than the  
f i r s t  two. RRGE #1 and ,#2 have 2000 gpm d isso lved s o l i d s ,  w h i l e  
RRGE #3  has near l y  tw ice  t h i s  amount. 

Over a two-month per iod  o f  f l ow ing  

Summary 

The Raf t  River  producing format ion i t s e l f  i s  t i g h t  ( low 
pe rmeab i l i t y )  except f o r  f rac tu res ,  which a r e  the  key t o  g e t t i n g  
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adequate p r o d u c t i o n  f r o m  i t s  w e l l s .  To t h e  e x t e n t  t h i s  area i s  
t y p i c a l  o f  western v a l l e y s ,  t h e  exper ience i n  d i s c o v e r i n g  and 
e x t r a c t i n g  t h e  resource i s  i n s t r u c t i v e .  S ince one never knows 
i n  advance where t h e  resource i s ,  d r i l l i n g  i t  w i t h  water  i s  
e s s e n t i a l .  Though d r i l l  stem t e s t i n g  should overcome t h e  e f f e c t s  
o f  a mud column, t h e  t e s t  i n v o l v e d  dangers o f  h o l e  c o l l a p s e  and 
may be t e s t i n g  a r e g i o n  o f  no f r a c t u r e s  (as occur red  i n  RRGE #2 
on a t e s t  o f  a 100 f t  column j u s t  above t h e  r e g i o n  t h a t  f i r s t  
s t a r t e d  produc ing) .  The advantage o f  a l i g h t  d e n s i t y  column o f  
d r i l l i n g  f l u i d ,  whether water  o r  aera ted  water ,  should n o t  be 
underest imated i n  a l l o w i n g  t h e  geothermal f l u i d  t o  e n t e r  t h e  
h o l e  d u r i n g  d r i  1 1  ing.  

The v a r i a b l e  n a t u r e  o f  t h e  d i s t r i b u t i o n  o f  t h e  f r a c t u r e s  
makes i t  a p p r o p r i a t e  t o  cons ider  m u l t i p l e  channe l ing  below t h e  
p r o d u c t i o n  cas ing .  Each such d i r e c t i o n a l l y  d r i l l e d  channel 
adds o n l y  10 to  15% t o  t h e  t o t a l  w e l l  c o s t ,  and can mean t h e  
d i f f e r e n c e  between a successfu l  producer and a f a i l u r e .  Such 
channels can i l s o  p r o v i d e  an increment t o  t o t a l  f l o w  i n  a 
homogeneous f o r m a t i o n  exceeding the  incremental  c o s t  increase.  

To date,  l o g g i n g  methods d u r i n g  d r i l l i n g  a r e  inadequate 
t o  t e l l  where t h e  resource i s .  The expense i s  u s u a l l y  p r o h i b i t i v e  
f o r  m a i n t a i n i n g  a d r i l l  r i g  over  t h e  w e l l  w h i l e  i t  i s  t e s t e d  
adequate ly  p r i o r  t o  a d e c i s i o n  on cas ing  t h e  w e l l  o r  d r i l l i n g  
f u r t h e r .  For t h i s  reason, a l i g h t  d r i l l i n g  f l u i d  t h a t  w i l l  n o t  
even t e m p o r a r i l y  b l o c k  t h e  f r a c t u r e s  i s  impor tant .  M u l t i p l e  
channe l ing  i n  t h e  case o f  R a f t  R iver  was undertaken i n  a 
r e l a t i v e l y  c o n s o l i d a t e d  reg ion ,  and t h e  use o f  o n l y  water  d i d  
n o t  i n v o l v e  problems o f  h o l e  s t a b i l i t y .  

The producing zones i n  the  w e l l s  have been i n f e r r e d  i n -  
d i r e c t l y  f rom temperature p r o f i l e s  taken a f t e r  t h e  r e - i n j e c t i o n  o f  
c o o l  water .  F u r t h e r  a t tempts  a t  use o f  f l o w  meters w i l l  be made. 
C u r r e n t l y ,  t h e  f o l l o w i n g  conc lus ions  about t h e  i n d i v i d u a l  w e l l s  
producing zones can be drawn: 

1 .  Var ious producing zones from 3700 to  4600 f t .  No 
p r o d u c t i o n  below 4600 t o  T.D. a t  5000 f t ,  t h i s  
l a t t e r  400 f t  be ing  q u a r t z i t e  and q u a r t z  monzonite. 

2. P r i n c i p a l  producing zones a t  4 4 0 0 ,  4 9 0 0 ,  5 2 0 0 ,  
5 8 0 0 ,  and 5900 f t .  E s s e n t i a l l y  no p r o d u c t i o n  below. 
The p r i n c i p a l  p r o d u c t i o n  appears t o  be a t  4400 and 
4900 f t ,  b e f o r e  reaching q u a r t z  monzonite. 

3 .  Product ion  f rom 4 5 0 0 ,  4 9 0 0 ,  5300 and 5400 f t  depths;  
most o f  these a r e  f r a c t u r e d  zones i n  t h e  Pre-Cambrian. 
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Re- in jec t i on  exper ience w i t h  the w e l l s  shows almost a 
d i r e c t  comparison w i t h  the produc t ion  f l ow  and pressure data,  i .e . ,  
400 ps i  pressure t o  r e - i n j e c t  1200 gpm t o  1500 gpm t y p i c a l l y .  
None o f  the  th ree  w e l l s  was designed s p e c i f i c a l l y  f o r  r e - i n j e c t i o n .  
Current preference i s  t h a t  such a w e l l  should consider regions 
o f  good pe rmeab i l i t y  not  on l y  i n  the main producing r e s e r v o i r  but  
somewhat above i t  i n  the  mix ing zones where a l ready lower tempera- 
t u r e  water e x i s t s .  Reduced pumping costs  f o r  r e - i n j e c t i o n  a r e  a 
major emphasis f o r  f u t u r e  e f f o r t s .  

None o f  the  w e l l s  has had the  oppor tun i t y  t o  be f u l l y  
developed f o r  long per iods o f  f low,  and l i kew ise  t o  be monitored 
t o  conf i rm the  deduced Theis Equation parameters repor ted above 
from shor t  f l o w  per iods.  The reason i s  s imple t h a t  environmental 
cons idera t ions  have necess i ta ted d isposing o f  the water i n  places 
o ther  than the sur face waterways. For a w h i l e  the  No. 2 w e l l  
was used t o  i n j e c t  over 8 m i l l i o n  ga l l ons  o f  cooled geothermal 
water t h a t  had been s to red  i n  the reserve p i t  f o r  a long per iod  
o f  t ime. Present ly  t h i s  w e l l  i s  being f lowed i n  at tempts t o  
r e s t o r e  i t  t o  i t s  former p roduc t ion  c h a r a c t e r i s t i c s .  Tables I 
and I I  l i s t  the c h a r a c t e r i s t i c s  known about the  w e l l s  a t  t h i s  
t ime. 

TABLE I 

NOMINAL WELL FLOW CHARACTERISTICS 
(Values i n  ga l lons/min o f  water)  

Ar tes i an 

Steady 
I n i t i a l ,  S ta te  Hot 

We1 1 Cold and F lashing Pumped - 
No. 1 600 350 + 870 w i t h  450 

f t drawdown 

No. 2 800 .,- 400 a - -- 
(200) " (350) 

--- No. 3 800 + 350 
-1. 

'' Recently, s ince  i t s  use t o  dispose of  8 m i l l i o n  ga l l ons  o f  
co 1 d wa t e r  . 

- 1  74- 



TABLE I I  

WELLHEAD PRESSURE CHARACTERISTICS 

We1 1 Cond i t i o n  P ressu r e  - 
RRGE-1 

RRGE-2 

RRGE-3 

Cold 
Qu i escen t 
Hot 

Cold 
Quiescent 
Hot 

%50 p s i g  
146 p s i g  
175 p s i g  

%60 p s i g  
129 p s i g  
165 p s i g  

Cold %40 p s i g  
Quiescent  100 p s i g  
Hot 140 p s i g  




