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ABSTRACT 

I n j e c t i o n  i s  an accep tab le  d isposa l  method 
fo r  geothermal f l u i d ;  however, use of I n j e c t i o n  
can be l imi t ed  by environmental c o n s i d e r a t i o n s .  
This i s  t h e  case  in Raft  River .  The primary con- 
cern i s  t h a t  i n j e c t i o n  wi l l  a f f e c t  e i t h e r  t h e  
q u a l i t y  o r  q u a n t i t y  o f  i r r i g a t i o n  water i n  t he  
c losed  groundwater bas in .  Data i n d i c a t e  t h a t  
t he re  I s  a na tu ra l  migra t ion  of geothermal f l u i d s  
i n t o  sha l lower  a q u f f e r s  and t h i s  migra t ion  i s  
thought t o  be f r a c t u r e - c o n t r o l l e d .  A s e r i e s  of  
wel l s  have been d r i l l e d  t o  monitor t h e  response o f  
shallow a q u i f e r s  t o  in te rmedia te -depth  i n j e c t i o n .  
Several  of t hese  monitor we l l s  have shown marked 
p res su re  response t o  i n j e c t i o n  in R R G I - 4  and 
RRGI-6. These da t a  wi l l  be used t o  e v a l u a t e  both 
c u r r e n t  i n j e c t i o n  p r a c t i c e s  a n d  f l u i d  d l sposa l  
a l t e r n a t i v e s  in Raft  River .  

INTRODUCTION 

i n j e c t i o n  i s  cons idered  one of t h e  most e n v l r -  
onmentally accep tab le  methods o f  geothermal f l u i d  
d i s p o s a l .  While minimizing t h e  p o t e n t i a l  f o r  con- 
taminating s u r f a c e  wa te r ,  i n j e c t i o n  a l s o  reduces 
the  r i sk  of subs idence .  and may prolong t h e  l i f e  
of t he  resource  by p a r t i a l l y  main ta in ing  r e s e r v o i r  
p re s su re .  
hydrology, and environmental c o n s t r a i n t s .  The 
Raft  R i v e r  geothermal development s i t e  i s  a n  a r e a  
where i n j e c t i o n  op t ions  may be seve re ly  l imi t ed  by 
environmental c o n s i d e r a t i o n s .  

developed by t h e  Department o f  Energy ( D O E )  t o  
demonstrate the  f e a s i b i l i t y  o f  u t l l i . z ing  a moderate- 
temperature resource  fo r  power production and var- 
ious d i r e c t - u s e  a p p l i c a t i o n s .  Seven production a n d  
i n j e c t i o n  w e l l s ,  ranging in depth from 1 1 7 6  m t o  
1994 m, have been completed s ince  d r i l l i n g  began in 
1975 ( f i g u r e  1 ) .  
the 5-MW(e) b inary  power p l a n t  wi l l  be suppl ied  by 
four Nel l s  - R R G E - 1 ,  R R G E - 2 ,  RRGE-3, a n d  RRGP-5. 
Tlwo i n j e c t i o n  w e l l s ,  RRGI-6 a n d  RRGI-7, a r e  loca ted  
approximately 2 . 5  k m  sou theas t  of t h e  main produc- 
t i on  f i e l d .  rhe i n j e c t i o n  we l l s  were completed s o  
t h a t  the  i n j e c t i o n  zone i s  a t  depths  of 520 t o  
1180 m, while production wi l l  be from deeper zones.  
The " in t e rmed ia t e"  i n j e c t i o n  i s  designed t o  ( 1 )  r e -  
duce t h e  p o s s i b i l i t y  of i n j e c t e d  f l u i d s  s h o r t - c i r -  

I n j e c t i o n  must be s u i t e d  t o  s i t e  geology, 

The geothermal r e source  in Raft  River i s  being 

The 150 l / s  requi red  t o  ope ra t e  
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any warranty, express or implred, or assumes my legal 
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01 usefulness of any Information. apparatus. product or 
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infrmge pdvateiy owned nghu. 

C O N C E R N ?  

c u i t l n g  t h e  system, ( 2 )  recharge  t h e  geothermal 
r e source ,  and ( 3 )  reduce well cons t ruc t ion  a n d  
pumping c o s t s .  

F ig .  1 Location map - geothermal a n d  
monitor w e l l s .  

ENVIRONMENTAL C O N C E R N S  

I n  1963,  t he  S t a t e  of Idaho c l o s e d  the  ? a f t  
River bas in  t o  f u r t h e r  development o f  groundwater 
r e sources ,  due t o  dec l in ing  groundwater l e v e l s .  
This c l o s u r e  c u r r e n t l y  inc ludes  the  geothermal r e -  
source  a n d  l lml t s  geothermal development t o  the 
ex ten t  t h a t  n e i t h e r  t h e  quan t i ty  nor q u a l i t y  of 
i r r i g a t i o n  waters  can be adve r se ly  a f f e c t e d .  9ecen- 
t l y  proposed f ede ra l  a n d  s t a t e  r e g u l a t i o n s  cont ro l  
i n j e c t i o n  p r a c t i c e s  and r equ i r e  evidence t h a t  the  
i n j e c t e d  f l u i d s  w f 1 1  not mtg ra t e  t o  potab le  water 
sou rces .  Geophysical and geochemical evidence sug- 
g e s t s  t h a t  t he  Raft  River resource  i s  f r ac tu re -con-  
t r o l l e d ,  with primary production r e l a t e d  t o  two  
major f r a c t u r e  systems through which geothermal 
f l u i d s  probably move. Fluid temperatures of 100°C 
have been encountered a t  depths  a s  shallow a s  1 2 5  m .  

The two main ques t ions  regard ing  geothermal 
development i n  Raft  River a r e :  ( 1 )  C a n  2 5  l / s  o f  
geothermal f l u t d s  be consumptively used i n  the 5-iW 
p l a n t  p rocess  under :he r e s t r i c t i o n s  o f  the  basin 
closure! a n d  ( 2 )  How can the  spent  geothermal f l u i d s  

b 
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o f  wi thout  adve r se ly  a f f e c t i n g  shallow 
systems ? 

The  presence o f  hot  water  a t  depths  of 100 m 
and an a n a l y s i s  o f  the  water  q u a l i t y  i n  shallow 
domestic and i r r i g a t i o n  wel l s  i n d i c a t e  t h a t ,  l o c a l l y ,  
geothermal f l u i d s  migra te  n a t u r a l l y  i n t o  shallow 
a q u i f e r s .  A s  can be seen I n  t a b l e  1 ,  water q u a l i t y  
in the i n j e c t i o n  r ece iv ing  zones i s  such t h a t  chem- 
i ca l  contamination of t hese  zones i s  not a concern.  
However, i n j e c t i o n  may inc rease  pressures  in  t h e  
d isposa l  hor lzons  t o  the  e x t e n t  t h a t  increased  vol -  
umes o f  f l u i d s  may mig ra t e  to  t h e  shallow a q u i f e r  
system. Thls could l ead  t o  a temperature inc rease  
and a d e c l i n e  in water  q u a l i t y  in the  sha l low aqui -  
f e r s .  The f l u o r i d e  l e v e l s  and sodium va lues  a r e  the 
major water q u a l i t y  concerns .  

Table 1 .  Chemical ana lyses  of Raf t  Rlver 
geothermal we1 1 s 

RRGE-I RRGE-2 RRGE-3 RRGP-3 RRGP-5 RRGI-6 - - _ _ - - -  
Nd 669 3 3 1  124s n a  1 7 9  2.020 
K 33 31 103 - - -  34 32 
Ca 53 32 127 81 50 199 
Sr 1 . 4  0.8 5.2 --- 1.2 8.0 
Mq 0 . 6  0.7 1 . 0  - - -  0.5  I . 4  
L i -  1.6 1.0 3 . 4  - - -  1 . 6  5 . 1  
;! 709 701 2 1 1 6  I170 590 3.636 

5 . 7  7 . 9  3.7 5 . 0  6 . 2  5 . 8  
so:- 40 , 29 44 - - -  40 60 
K O ,  34  42 26 3 5  40 62 
SIO,  134 15s i s a  .-- 136 9 1  
TDS 1607 1161 4280 - - -  1481 6.110 
Cond. 2987 2157  7997 4000 2857 11.594 

PH 7 . 3  1 .6  7 . 2  7 . 0  7 . 5  7.3 
!us/ml) 

RRCI-7 
2.100 

31 5 
- - -  
_ _ -  

1.6 - - -  
4.085 

64 
26 

4 . 9  

a3  - - -  
I 2  .ooo 

The s p a t i a l  p o l a r i z a t i o n  o f  production and in -  
j e c t i o n  we l l s  may a l s o  lead  t o  s i g n i f i c a n t  changes 
in shallow groundwater l e v e l s ,  
around t h e  production we l l s  a r e  not  balanced by 
pressure  inc reases  a t  t h e  i n j e c t i o n  w e l l s ,  i n t e r -  
connection between the  deeper and shallow a q u i f e r s  
may r e s u l t  in sha l low groundwater d e c l i n e s  i n  t h e  
v i c l n l t y  of t h e  production wel l s  a n d  water leve l  
r i s e s  around t h e  i n j e c t i o n  w e l l s .  Water leve l  
dec l ines  in shallow a q u i f e r s  could lead t o  compac- 
t i o n  o f  unconsol ida ted  sed iments ,  a mechanism 
thought t o  be r e spons ib l e  f o r  subsidence o f  u p  t o  
0 . 9  m in t he  lower Raft  River v a l l e y  (Lofgren ,  
1975).  I n  a r eas  of water l eve l  d e c l i n e ,  an addi -  
t i ona l  cons ide ra t ion  i s  the economic hardship  im- 
posed on loca l  i r r l g a t o r s .  

MONITORING PROGRAM 

I f  p re s su re  d e c l i n e s  

Because o f  t h e  d i f f i c u l t y  in  a s ses s ing  the  
degree o f  i n t e rconnec t ion  between a q u i f e r s  I n  
Raft  River ,  a l l  a v a i l a b l e  geo log ic ,  hydro logic ,  and 
geochemical da ta  a r e  u t i l i z e d  in  a t tempts  t o  pre- 
d i c t  long-term impacts of geothermal development. 
Data have been c o l l e c t e d  on water l e v e l s  and water 
q u a l i t y  in  loca l  i r r i g a t i o n  w e l l s ;  however, uncer- 
t a i n t i e s  a b o u t  t he  cons t ruc t ion  and ope ra t ion  of 
these  we l l s  l i m i t  t he  use fu lness  of t h e  informat ion  
fo r  p r e d i c t i v e  purposes.  

To provide more Informat ion  about the shallow 
and in t e rmed ia t e  a q u i f e r s ,  a network o f  monitor 
we l l s  has  been e s t a b l i s h e d .  To d a t e ,  seven monitor 
w e l l s ,  ranging i n  depth from 150 t o  400 m. have been 
d r i l l e d  ( f i g u r e  1 ) .  These we l l s  were loca ted  t o  
monitor t he  e f f e c t s  o f  i n j e c t i o n  i n t o  w h a t  was 
RRGI-4 and i n t o  the c u r r e n t  i n j e c t i o n  w e l l s ,  R R G I - 6  
and R R G I - 7 .  Three USGS holes  (USGS-2 ,  USGS-3. a n d  
ELM o f f s e t )  and four  30-m water t a b l e  wel l s  near 
RRGE-3 and RRGP-5 a r e  a l s o  used in  the  monitoring 
program. Each o f  t he  monitor we l l s  i s  cased t o  
wi th in  10 t o  50 m o f  t o t a l  depth so  t h a t  s e l e c t e d  
a q u i f e r s  can be monitored. 

Condi t ions  in  t h e  monitor wel l s  vary with both 
depth and loca t ion  and provide  important in format ion  
on the  degree  o f  communication between t h e  geother -  
mal system and sha l lower  a q u i f e r s .  MW-1 and M W - 2  
have the  h ighes t  average  tempera ture  g r a d i e n t s  
(0.3"C/m), and MW-5, MW-6. a n d  MU-7 have the  lowest 
(O.l"C/m). M W - 1 ,  M W - 2 ,  and HW-4 a r e  flowing a t  l a n d  
s u r f a c e ,  whi le  t he  water l e v e l s  i n  t h e  remaining 
wel l s  probably r ep resen t  l oca l  a r t e s i a n  c o n d i t i o n s .  
The water i n  M W - 1  i s  some of t h e  poores t  q u a l i t y  
water encountered in t h e  a rea  (TDS = 6300 n g / l ) .  
The water  q u a l i t y  i n  M W - 5  a n d  M W - 7  i s  very h igh ,  
with t o t a l  d i s so lved  s o l i d s  averaging  1300 m g / l  
and f l u o r i d e  l e v e l s  as  low a s  0 . 5  mg/l ,  i n d i c a t i n g  
t h a t  t hese  we l l s  a r e  probably not a f f e c t e d  by n a t -  
u ra l  communication from t h e  geothermal system. 

Because p re s su re  o r  water leve l  responses t o  
hydro logic  changes g e n e r a l l y  occur much more r ap id ly  
t h a n  r e s u l t a n t  changes in water q u a l i t y ,  t he  moni- 
t o r i n g  program emphasizes measuring wellhead pres-  
su re  o r  water l e v e l s .  M W - 1  and M W - 2  a r e  equipped 
w i t h  d i g i q u a r t z  p re s su re  t r a n s d u c e r s ,  a S r i s t o l  
r eco rde r  i s  i n s t a l l e d  on USGS-3, and Stevens A 3 5  
or F water  l eve l  r eco rde r s  a r e  i n s t a l l e d  o n  t he  
remaining w e l l s .  MW-4 i s  equipped with a dual 
system because t h e  water leve l  i s  a t  ground l e v e l .  

TEST RESULTS 

Between March 21, 1978 a n d  June 10 ,  1978, a 
t o t a l  o f  12,800 m 3  of water  was i n j e c t e d  i n t o  R R G I - 4  
(open hole  from 550 t o  850 m ) ,  a t  r a t e s  r a n g i n g  from 
16 t o  51 l / s .  The longes t  i n j e c t i o n  t e s t  l a s t e d  fo r  
more than n i n e ' d a y s ,  a t  a n  i n j e c t i o n  r a t e  o f  44 l / i .  
During t h i s  t e s t ,  p re s su re  inc reases  o f  34 and 97 
kPa were seen in M W - 1  a n d  USGS-3, r e s p e c t i v e l y .  a n d  
the  water  l eve l  in t h e  shallow B L M  o f f s e t  well rose 
over 1 m ( f i g u r e  2 ) .  T h e  responses a t  USGS-3  and 
the  E L M  o f f s e t  well were much l a r g e r  t h a n  expected 
and were l a r g e r  t h a n  t h e  w e l l s '  responses t o  sea -  

' sonal hydro logic  changes o r  t o  pas t  geothermal devel - 
opment a c t i v i t y .  The d f f f e r e n c e  in the  response 
magnitude between USGS-3 and M W - 1  i n d i c a t e s  t h a t  the  
in t e rmed ia t e  a q u i f e r  system i s  both heterogeneous 
and a n i s o t r o p i c .  Comparisons o f  well logs  with 
known f r a c t u r e  systems i n d i c a t e  t h a t  USGS-3. SLX 
o f f s e t ,  and R R G I - 4  p e n e t r a t e  t he  same f r a c t u r e  
system a t  d i f f e r e n t  dep ths ,  while M W - 1  p ene t r a t e s  
unf rac tured  rock ad jacen t  t o  the  f r a c t u r e  system. 

Following those  i n j e c t i o n  t e s t s ,  R R G I - 4  was 
deepened t o  1185 m and cased t o  1070 m. M W - 1 .  MW-2, 
and USGS-3 a r e  now being used t o  monitor the  response 
of the  shallow a q u i f e r  t o  geothermal f l u i d  production 
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F i g .  2 M o n i t o r  w e l l  response t o  RRGI-4 i n j e c t i o n  t e s t s .  

1 I 
: ..-. 0. . 

......... . *. ... MW--4 *. -2.". . .. .-. .... . 
* .  .....". 

I 

."... ..*- ". . ........ ..'...... 
.* * ...... ..* . .  . 5. ... 

.'.e ... . .  . .e.. .... *.*, ......... ...... .**.**_..... ........ .*-.. *e. . . . . .  ....... ........ ..... ..... 'e. ... ......... ..... I......' . ............ .......... ........ 
*I... 

' raw-a ... 
.-..- , 4 

L. .. 
.." .- *.....-.. 

.I.. 
." . 
... .......*.*.'. 

..* ** ,..,.r. *..-..-, 
.e*. . *.. .... ..,..-.- .,..'.'. . . . . .  .... * '. 

*. * *.". ...... . .  . .  . *  .. ' 

... e.. 
.**.*:* - a. '% 

............. MW-7 
, .  .... 

.*I 

. mw-3 e- .. 
..-. 

4.. 
.a- 

. *a  
..e'.. 

*.. 

Inlettion 1isli J 
3/1 4/1 w1 8/ 1 ?/ 1 2/1/78 

F i g .  3 M o n l t o r  w e l l  w a t e r  l e v e l  r e c o r d s  - RRGI-6 i n j e c t l o n  t e s t s .  
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The most r ecen t  I n j e c t i o n  t e s t s  have been con- 
ducted on RRGI-6, which i s  uncased from 515 m t o  
i t s  t o t a l  depth  of 1185 m .  Water leve l  records  
from t h e  monitor we l l s  dur fng  two 21-day i n j e c t i o n  
t e s t s  a r e  shown in  f t g u r e  3 .  Only one we l l ,  MW-4, 
has shown d e f i n i t e  p re s su re  response  to  the  i n j e c -  
t i o n .  
t r ends ,  averages  0 .4  m per week, a t  i n j e c t l o n  r a t e s  
o f  38 l / s .  The l a c k  o f  response  i n  MW-6 t s ,  again .  
an i n d i c a t i o n  t h a t  the system i s . f r ac tu re -domlna ted  
and t r a d i t i o n a l  l n t e r g r a n d u l a r  pe rmeab i l i t y  ana l -  
y ses  of cornmunicatlon a r e  not  a p p l i c a b l e .  
logging i n  RRGI-6 i n d i c a t e s  t h a t  a s i g n i f i c a n t  
f r a c t i o n  o f  t h e  I n j e c t e d  f l u i d s  l eaves  the borehole  
immediately below t h e  c a s i n g .  T h i s  zone cor responds  
t o  a mi jor  t h i e f  zone seen i n  nea r ly  a l l  t h e  deep 
w e l l s ,  and i s  probably a prlmary f a c t o r  i n  the 
in t e rconnec t ion  between t h e  geothermal system and 
sha l lower  a q u i f e r s ,  

Although t r u e  hydro logic  responses in  o t h e r  
monitor we l l s  could no t  be i d e n t i f i e d  du r ing  the  
i n j e c t i o n  t e s t s ,  a water l eve l  dec l ine  and subse- 
quent recovery cor responding  t o  t h e  beginning and 
end o f  t h e  f i r s t  21-day i n j e c t l o n  was seen f n  MW-5, 
MW-6, and M W - 7 .  This i s  thought t o  be a r e s u l t  o f  
a q u i f e r  d i l a t i o n  and t h i s  t heo ry  wi l l  be t e s t e d  
through p r e c i s e  wellhead l e v e l i n g  du r ing  subsequent 
i n j e c t l o n  t e s t s .  

This response ,  c o r r e c t e d  f o r  background 

USGS 

CONCLUSIONS A N D  FUTURE PLANS 

The r e s u l t s  o f  i n j e c t i o n  t e s t s  on  RRGI-4 and 
RRGI-6 i n d l c a t e  a communication between t h e  i n j e c -  
t i on  zone a n d  sha l lower  a q u i f e r s .  As a r e s u l t ,  
o the r  geothermal f l u i d  d i sposa l  op t ions  a r e  cu r -  
r e n t l y  belng eva lua ted .  These inc lude  deep i n j e c -  
t i o n ,  low-pressure  I n j e c t i o n  d i r e c t l y  i n t o  t h e  
t h i e f  zone, and var ious  methods o f  s u r f a c e  d i s -  
posa l .  S t imula t ion  o f  t h e  l n j e c t l o n  we l l s  i s  a l s o  
being cons ide red ,  and may inc rease  t h e  i n j e c t f v i t y  
in  deeper zones o f  t h e  i n j e c t i o n  w e l l s .  Plans a r e  
being made t o  d r i l l  a dually-completed w e l l ,  open 
a t  depths  o f  150 and 460 m ,  nea r  RRGE-1, t o  t e s t  
the  f e a s i b i l i t y  o f  low-pressure shallow i n j e c t l o n .  
Monitoring of long-term i n j e c t i o n  t e s t s  w l l l  con- 
t i n u e .  The r e s u l t s  o f  these  t e s t s  w i l l  determine 
the  r e s t r i c t i o n s  placed on i n j e c t i o n  a n d  w i l l  pro- 
v i ce  a bas i s  f o r  eva lua t ing  t h e  environmental and 
1 egal a c c e p t a b i l i t y  o f  excl uding the  geothermal 
resources  from the  basin c l o s u r e .  
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of  without adve r se ly  a f f e c t l n g  shallow 
s ys t ems ? 

The presence o f  hot water  a t  depths  o f  100 m 
and an a n a l y s i s  o f  the  water q u a l i t y  in shallow 
domestic and i r r i g a t i o n  we l l s  I n d i c a t e  t h a t ,  l o c a l l y ,  
geothermal f l u i d s  migra te  n a t u r a l l y  i n t o  shallow 
a q u i f e r s .  As can be seen i n  t a b l e  1 ,  water q u a l i t y  
in the  i n j e c t i o n  r ece iv ing  zones i s  such t h a t  chem- 
i c a l  contamination o f  t hese  zones i s  not a concern.  
However, i n j e c t i o n  may inc rease  p re s su res  in  t h e  
d isposa l  horizons t o  t h e  e x t e n t  t h a t  i nc reased  vol -  
umes o f  f l u l d s  may mig ra t e  t o  t h e  sha l low a q u i f e r  
system. This could lead  t o  a temperature inc rease  
and a d e c l i n e  in  water  q u a l i t y  I n  t h e  sha l low aqui -  
fe rs , .  The f l u o r i d e  l e v e l s  and sodium va lues  a r e  t h e  
major water q u a l l t y  concerns .  

l a b l e  1 .  Chemical ana lyses  of Ra f t  River 
geothermal we1 1 s 

RRGE-1 RRGE-2 R R G E - 3  RRGP-4 RRGP-5 RRGI-6 RRGI-7 
-I_--I_- -- 

Na 
K 
Ca 
Sr 
fl9 
L i -  
;! 
so; 
SfO,  
HCO 3 

:os 
Cond. 

?H 
( u s / m l )  

469 331 124s 718 
33 31 103 - - -  
53  32 127 E l  

1 . 4  0.8 5.2 - - -  
0.6 0.7 1.0 - - -  
1.6 1.0 3 . 4 - - -  

709 731 2116 i370 
5.7 1 . 9  3.7 6.4 

to , 2 9  4a - - -  
14 4 2  26 IS 

114 155 i5.3 - - -  
1607 1161 4280 - - -  
2967 2157 7997 4000 

7 . 3  7.6 ? . Z  7.0 

179 2.020 2,100 
34 32 
50 199 31 5 

1 . 2  8.0 - - -  
0.5 I . 4  1.6 
I .6 5.1 - - -  

590 3 . 5 3 6  4.085 
6.2 5 . 8  4.9 
40 50 64 
40 62 26 
136 91 03 

1481 6.330 
2857 11.594 12.000 

_ - _  

- _ -  

7.5 7.3 - 

The s p a t i a l  p o l a r i z a t i o n  o f  production and in-  
j e c t i o n  we l l s  may a l s o  lead  to  s i g n i f i c a n t  changes 
in shallow groundwater l e v e l s .  I f  p re s su re  d e c l i n e s  
around t h e  product ion  we l l s  a r e  not  balanced by 
p res su re  inc reases  a t  t h e  I n j e c t i o n  w e l l s ,  i n t e r -  
connection between the  deeper and shallow a q u i f e r s  
may r e s u l t  i n  shallow groundwater d e c l i n e s  in  t h e  
v i c i n i t y  of t h e  production wel l s  and water  leve l  
r i s e s  a r o u n d  t h e  i n j e c t i o n  w e l l s .  Water l eve l  
dec l ines  in shallow a q u i f e r s  could lead t o  compac- 
t i on  of unconsol ida ted  sed iments ,  a mechanism 
thought t o  be r e s p o n s i b l e  f o r  subsidence o f  u p  t o  
0.9 m i n  the  lower Raft  River v a l l e y  (Lofgren .  
1975).  [ n  a r eas  o f  water l eve l  d e c l i n e ,  a n  addi -  
t iona l  cons ide ra t lon  i s  the economic hardship  i m -  
posed o n  loca l  i r r i g a t o r s .  

M O N I T O R I N G  PROGRAM 

Because o f  t h e  d i f f i c u l t y  I n  a s ses s ing  the  
degree o f  i n t e rconnec t ion  between a q u i f e r s  in 
R a f t  R lve r ,  a l l  a v a i l a b l e  geo log lc ,  hydro logic ,  a n d  
geochemical da ta  a r e  u t i l i z e d  in  a t tempts  t o  pre- 
d i c t  long-term fmpacts of geothermal development. 
Da ta  have been c o l l e c t e d  on water l e v e l s  and water 
q u a l i t y  in loca l  i r r i g a t i o n  w e l l s ;  however, uncer- 
t a i n t i e s  a b o u t  the  cons t ruc t ion  a n d  ope ra t ion  o f  
t h e s e  wel l s  l i m i t  the  use fu lness  of t he  informat ion  
for  p r e d i c t i v e  purposes.  

To provide more informat ion  about the  shallow 
and in t e rmed ia t e  a q u i f e r s ,  a network of monitor 
we l l s  has been e s t a b l i s h e d .  T o  d a t e ,  seven monitor 
w e l l s ,  ranging in depth from 150 t o  400 m .  have been 
d r i l l e d  ( f i g u r e  1 ) .  These we l l s  were loca ted  t o  
monitor the  e f f e c t s  o f  i n j e c t i o n  i n t o  w h a t  was 
R R G I - 4  and i n t o  the  c u r r e n t  i n j e c t i o n  w e l l s ,  RRGI-6 
and RRGI-7. Three USGS holes  (USGS-2. USGS-3, a n d  
ELM o f f s e t )  and four  30-m water t a b l e  wel l s  near 
RRGE-3 and RRGP-5 a r e  a l s o  used in the  monitoring 
program. Each of t he  monitor we l l s  i s  cased t o  
w i th in  10 t o  50 m of t o t a l  depth s o  t h a t  s e l e c t e d  
a q u i f e r s  can be monitored. 

Condi t ions  in  t h e  monitor wel l s  vary w i t h  both 
depth and l o c a t l o n  and provlde  important in format ion  
on t h e  degree  of communication between t h e  geo the r -  
mal system and sha l lower  a q u i f e r s .  MW-1 a n d  M W - 2  
have the  h ighes t  average tempera ture  g r a d i e n t s  
(0.3"C/m), and MW-5, HW-6, a n d  M W - 7  have the  lowest 
(O.l°C/m). M W - 1 ,  M W - 2 ,  a n d  HW-4 a r e  flowing a t  l a n d  
s u r f a c e ,  whi le  t h e  water l e v e l s  i n  t he  remaining 
wel l s  probably r ep resen t  l oca l  a r t e s i a n  c o n d i t i o n s .  
The water in M W - 1  i s  some of the  poores t  q u a l i t y  
water encountered in the  a rea  (TDS = 6300 m g / l ) .  
The water q u a l i t y  in  M W - 5  a n d  M W - 7  i s  very h igh ,  
with t o t a l  d i s so lved  s o l i d s  averaging  1300 mg/l 
and f l u o r i d e  l e v e l s  a s  low as  0 . 5  mg/l ,  i n d i c a t i n g  
t h a t  t hese  we l l s  a r e  probably not a f f e c t e d  by n a t -  
u ra l  communication from t h e  geothermal system. 

Because p re s su re  o r  water  leve l  responses t o  
hydro logic  changes g e n e r a l l y  occur inuch more r ap id ly  
than r e s u l t a n t  changes in water q u a l i t y ,  t h e  moni- 
t o r i n g  program emphasizes measuring wellhead p res -  
su re  o r  water l e v e l s .  MW-1 and M W - ?  a r e  equipped 
with d i g i q u a r t z  p re s su re  t r a n s d u c e r s ,  a B r i s t o l  
r eco rde r  i s  i n s t a l l e d  on USGS-3, a n d  Stevens A 3 5  
o r  F water l eve l  r eco rde r s  a r e  i n s t a l l e d  on t h e  
remaining w e l l s .  MW-4 i s  equipped w i t h  a dual 
system because the  water leve l  i s  a t  ground l e v e l .  

T E S T  2ESULTS 

Between March 2 1 ,  1978 a n d  June 10 ,  1973, a 
t o t a l  o f  12,800 m 3  of water was i n j e c t e d  i n t o  RRGI-4 
(open hole  from 550 t o  850 m ) ,  a t  r a t e s  r a n g i n g  from 
1 6  t o  51 l / s .  The longes t  i n j e c t i o n  t e s t  l a s t e d  f o r  
more t h a n  n ine  days ,  a t  a n  i n j e c t i o n  r a t e  o f  44 l / j .  
During t h i s  t e s t ,  p re s su re  inc reases  of 34  and 9 7  
kPa were seen f n  M W - 1  a n d  USGS-3, r e s p e c t f v e l y ,  a n d  
t he  water l eve l  in t h e  shallow B L M  o f f s e t  well rose  
over 1 m ( f i g u r e  2 ) .  The responses a t  USGS-3 a n d  
t he  BLM o f f s e t  well were much l a r g e r  than expected 
and were l a r g e r  t h a n  t h e  w e l l s '  responses t o  sea-  
sonal hydro logic  changes o r  t o  pas t  geothermal deve l -  
opment a c t i v i t y .  The d i f f e r e n c e  in the  response 
magnitude between USGS-3 and 4ni-1 i n d i c a t e s  t h a t  the  
in t e rmed ia t e  a q u i f e r  system i s  both heterogeneous 
and a n i s o t r o p i c .  Comparisons o f  well logs  with 
known f r a c t u r e  systems i n d i c a t e  t h a t  USGS-3, BLM 
o f f s e t ,  and R R G I - 1  p e n e t r a t e  the  same f r a c t u r e  
system a t  d i f f e r e n t  dep ths ,  while M W - I  p ene t r a t e s  
un f rac tu red  rack ad jacen t  t o  the  f r a c t u r e  system. 

Following those  i n j e c t i o n  t e s t s .  R R G I - 4  was 
deepened to 1185 m a n d  cased t o  1070 m .  M W - 1 ,  MW-2, 
a n d  USGS-3 a r e  now belng used t o  monitor the  response 
of t he  sha l low a q u i f e r  t o  geothermal f l u i d  product ion .  

I 
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T h e  most r ecen t  i n j e c t i o n  tests have been con- 
ducted on RRGI-6, which i s  uncased from 515 m t o  
I t s  t o t a l  depth  o f  1185 m .  Water leve l  records  
from t h e  monitor w e l l s  du r ing  two 21-day i n j e c t i o n  
t e s t s  a r e  shown in f i g u r e  3 .  Only one w e l l ,  MW-4, 
has shown d e f i n i t e  p re s su re  response to the i n j e c -  
t i o n .  This response ,  c o r r e c t e d  f o r  background 
t r ends ,  averages  0.4 m per week, a t  i n j e c t i o n  r a t e s  
o f  38 l / s .  The l a c k  o f  response  in  MU-6 I s ,  aga in ,  
an i n d i c a t i o n  t h a t  the system 1s . f rac ture-dominated  
and t r a d i t i o n a l  i n t e r g r a n d u l a r  pe rmeab i l l t y  ana l -  
yses  o f  communlcation a r e  not  a p p l l c a b l e .  
logging in  RRGI-6 i n d i c a t e s  t h a t  a s i g n i f i c a n t  
f r a c t i o n  o f  t h e  i n j e c t e d  f l u i d s  l eaves  the  borehole  
immediately below the c a s i n g .  
t o  a major t h i e f  zone seen  i n  nea r ly  a l l  the deep 

in t e rconnec t ion  between the geothermal system and 
sha l lower  a q u i f e r s .  

A1 though t r u e  hydro logic  responses in  o t h e r  
monitor we l l s  could not  be i d e n t l f i e d  dur ing  the  
i n j e c t i o n  t e s t s ,  a water l eve l  d e c l i n e  a n d  subsa- 
quent recovery cor responding  t o  the  beginning and 
end of t h e  f i r s t  21-day i n j e c t i o n  was seen i n  MW-5, 
M W - 6 ,  and MW-7. This i s  thought t o  be a r e s u l t  o f  
a q u i f e r  d i l a t t o n  and t h i s  theory  wi l l  be t e s t e d  
through p r e c i s e  wellhead l e v e l i n g  du r ing  subsequent 
i n j ec t io n t e s t s  . 

USGS 

This  zone cor responds  

, w e l l s ,  and i s  probably a primary f a c t o r  i n  t h e  

CONCLUSIONS AN0 FUTURE PLANS 

The r e s u l t s  o f  i n j e c t i o n  t e s t s  on RRGI-4 and 
RRGI-6  l n d l c a t e  a communication between the i n j e c -  
t i o n  zone a n d  sha l lower  a q u i f e r s .  
o t h e r  geothermal f l u i d  d i sposa l  op t ions  a r e  cu r -  
i,en;'ly b e i n g  eva lua ted .  These inc lude  deep i n j e c -  
t i o n .  low-pressure  i n j e c t i o n  d i r e c t l y  i n t o  t h e  
t h i e f  zone, a n d  var ious  methods o f  s u r f a c e  d i s -  
posa l .  S t imula t ion  of  t h e  I n j e c t i o n  wel l s  i s  a l s o  
being cons lde red ,  and may lnc rease  the  I n j e c t i v i t y  
in  deeper zones o f  t he  i n j e c t i o n  w e l l s .  Plans a r e  
being made t o  d r i l l  a dually-completed w e l l ,  open 
a t  depths o f  150 a n d  460 rn, near  R R G E - 1 ,  t o  t e s t  
the  f e a s i b i l i t y  o f  low-pressure shallow i n j e c t i o n .  
Monitoring of long-term i n j e c t i o n  t e s t s  w i l l  con- 
t i n u e .  The r e s u l t s  o f  t hese  t e s t s  w i l l  determine 
the  r e s t r i c t i o n s  placed on i n j e c t i o n  and wi l l  p ro-  
v i ce  a bas i s  f o r  eva lua t ing  t h e  environmental a n d  
lega l  accep tab i l  i t y  o f  excluding the  geothermal 
resources  from the  basin c l o s u r e .  

As a r e s u l t ,  
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