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ABSTRACT 

I n j e c t  i on  tes t i ng  conducted between 
March 25 and June 15, 1982 a t  the Raft River 
S i t e  generated a substant ia l  quant i t y  o f  non- 
isothermal and various temperature t rans ien t  
pressure data. I n jec t i on  pressure bui  Id-up 
measured a t  t he  wellhead s t rong ly  responds t o  
temperature changes o f  the  in jec ted  f l u i d .  An 
increase i n  the  f l u i d  temperature resu l t s  i n  
an i n jec t i on  pressure increase while a temper- 
ature decrease i s  fol lowed by an i n jec t i on  
pressure decline. Data analyses ind ica te  t h a t  
changes i n  f l u i d  v i scos i t y  and densi ty due t o  
temperature changes do no t  explain pressure 
bui ld-up responses. The pressure build-up 
behaviors are a t t r i bu ted  t o  the  reservo i r  
t ransmiss iv i ty  changes. The absolute wellhead 
pressure values are s i g n i f i c a n t l y  lower than 
predicted f o r  the  co ld  f l u i d  in jec t ion .  

INTRODUCTION 

The Raf t  River Geothermal I n jec t i on  Wells 
R R G I  6 and RRGI 7 are 1172 meters deep. The 
open hole i n te rva l  ( i n jec t i on  zone) i s  between 
the  514 meter depth and the  bottom o f  the hole 
i n  RRGI  6 and between the  619 meter depth and 
t h e  bottom o f  t he  hole i n  R R G I  7. Both we l ls  
are open hole i n  the  Sa l t  Lake Formation which 
consists o f  interbeded s i l t s tones  and sand- 
stones. Fractures w i th in  the  Sa l t  Lake Forma- 
t i o n  are p a r t i a l l y  f i l l e d  w i t h  ca lc i te .  Rock 
samples and geophysical logs ind ica te  t h a t  
in te rgranu lar  po ros i t y  and permeabi l i ty  e x i s t  
I n  add i t ion  t o  some f rac tu r ing  i n  the  Sa l t  
Lake Formation Dolenc (1981). 

was performed dur ing tes t i ng  o f  the  5 MW(e) 
Raf t  R iver  Power Plant. F u l l  scale power 
production tes ts  o f  the  5 MU Plant were con- 
ducted between March 25 and June 15, 1982. 
During t h l s  test ing, a t o t a l  o f  2.372 x 108 
l i t e r s  o f  l u i d  were in jec ted  i n t o  RRGI 6 and 
3.135 x 1 J l i t e r s  i n t o  RRGI  7. This was the  
most extensive i n j e c t i o n  ever conducted a t  the  
Raf t  River Site. I n jec t i on  ra tes  and f l u i d  
temperature were var iab le  during these tests. 
The in jec ted  f l u i d  temperature ranged between 
35OC and 80°C. Several t es ts  with periods o f  
r e l a t i v e l y  isothermal i n j e c t i o n  condi t Ions 
provided data f o r  ca lcu la t ion  o f  t he  reservo i r  
t ransmiss iv i t ies  f o r  the  various i n j e c t i o n  
temperatures. The port ions o f  t es ts  w l t h  

Extensive i n j e c t i o n  i n t o  RRGI  6 and RRGI 7 

nonisothermal i n j e c t i o n  condit ions are no t  
su l tab le  fo r  ana ly t i ca l  evaluation o f  
reservo i r  parameters. These nonisothermal 
i n j e c t i o n  condit ions provided mater ia l  f o r  t he  
general discussion on the  thermal e f fec ts  on 
the  wellhead pressure behavior. 

The pressure f a l l - o f f  data are not d i s -  
cussed i n  t h i s  paper because o f  incompleteness, 
lack o f  temperature measurements, and complex- 
i t y  created by var iable i n jec t i on  ra tes  and 
p a r t i a l  recovery between tests.  This p a r t i a l  
recovery also e f fec ts  pressure build-up dur ing 
in ject ions.  However, f o r  s i m p l i c i t y  no cor- 
rect ions were made t o  el iminate p a r t i a l  
recovery ef fects.  

TESTS CONDUCTED 

In jec t i on  pumping i n t o  RRGI  6 and R R G I  7 
s ta r ted  on March 25, 1982. Sixteen separate 
i n jec t i ons  i n  both we l ls  were performed between 
March 25 and June 15. The i n j e c t i o n  schedule 
was i r regular,  d ic ta ted  by the  shut-downs and 
start-ups o f  t he  5 MW p lan t  and the  geothermal 
water supply system. Duration o f  the  I n j e c t i o n  
pumping ranged between 200 and 18,000 minutes. 
The in jec t i on  rates were d i c ta ted  by the  5 MW 
Plant production experiment's need t o  dispose 
of geothermal f l u i d .  The temperature changes 
were re la ted  t o  discontinuous heat ex t rac t i on  
by the  Power Plant. Spent geothermal f l u i d  was 
directed i n t o  the  holding ponds near RRGI 6 and 
R R G I  7; i t  was then in jec ted  i n t o  the  wells. 
This procedure resu l ted  i n  i n j e c t i o n  f l u i d  
temperatures i n  the  35O t o  8OoC range. 
t i o n  a t  R R G I  6 and RRGI  7 was conducted a t  
ra tes  ranging between 32 and 75 Ips. Well 
RRGI  7 general ly had higher and steadier 
i n j e c t l o n  ra tes  than RRGI  6. 

include: wellhead pressure readings f rom t h e  
400 p s i  d ig iquar tz  pressure transducer and from 
a mechanical Heise gauge, temperature and f l o w  
ra tes  continuously recorded on a s t r i p  char t  
(based on plat imium RTD and A P  gauge) and 
temperature readings from the mercury thermo- 
meter. No downhole instrumentation was used 
dur lng test ing.  

DISCUSSION ON TESTS RESULTS 

I n t o  RRGI 6 were p lo t ted  on s e m l l o g a r i t h i c  

In jec -  

The data recorded dur ing i n j e c t i o n  

Data from e igh t  separate i n j e c t i o n  t e s t s  
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graph paper. The data p l o t s  f o r  most o f  these 
tes ts  represent i r regu la r  we1 1 head pressure 
response due t o  changing i n jec t i on  rates. One 
t e s t  conducted i n  RRGI 6 was selected t o  
i l l u s t r a t e  pressure response t o  the 
in jec t ion .  Data from t h i s  t e s t  conducted on 
May 16 through 28 are presented i n  Figure 1. 

The pressure build-up fol lows a s t ra igh t  
l i n e  t rend f o r  the  f i r s t  260 minutes o f  t he  
test. During t h i s  time, the  i n jec t i on  r a t e  
was steady a t  38.3 Ips and the  temperature was 
close t o  isothermal a t  67-69°C. The trans- 
m i s s i v i t y  value calculated from t h i s  f i r s t  
260 minutes i s  4.8 x 10-4 d / s .  Trans- 
m i s s i v i t y  values calculated from previous 
in jec t ions  are general ly less than 2.0 x 
10-4 m2/s f o r  in jec ted  f l u i d  a t  13OOC 
Dolenc (1981). 

Between 900 minutes and 4500 minutes, the  
i n jec ted  f l u i d  temperature decl ined from 70°C 
t o  49°C. This temperature decrease resu l ted  
i n  the  estimated wellhead pressure decrease o f  
400 kPa. The estimated pressure decrease i s  
based on the  di f ference between projected and 
measured wellhead pressure. The densi ty 
dif ference between 70°C and 49°C f l u i d  would 
produce a decrease i n  wellhead pressure o f  
approximately 90 kPa. This i s  due t o  the  
hydrostat ic pressure increase w i th in  an 
843 meter length o f  the  wellbore. 
of the  in jec ted  f l u i d  a t  49°C i s  approximately 
1.4 times higher than the  v iscos i ty  o f  70°C 
f l u i d .  This higher v iscos i ty  should r e s u l t  i n  
an increase i n  the  wellhead pressure Mangold 
(1979). It i s  apparent t ha t  the densi ty and 
v iscos i ty  effects do not explain the  wellhead 
pressure responses t o  the  temperature changes. 

Re la t i ve ly  steady i n jec t i on  rates and 
continuous temperature readings provide be t te r  
data fo r  RRGI-7 than the data co l lec ted  f o r  
R R G I  6. Data from f i v e  tes ts  conducted i n  
R R G I  are presented i n  Figures 2 through 6. 
A l l  the  data p lo t s  demonstrate s im i la r  pa t te rn  
i n  the wellhead pressure responses t o  the  
temperature changes. 

Transmissivity values calculated from 
these p l o t s  are l i s t e d  i n  Table 1. The trans- 
m iss i v i t i es  f o r  each t e s t  were calculated from 
port ions of the  data p l o t s  where temperature 
was near ly constant. The f l u i d  temperature 
during these in jec t ions  ranged from 48.3"C t o  
8OOC. Transmissivity values p lo t ted  against 
in jec ted  f l u i d  temperature are presented i n  
Figure 7. The t ransmiss iv i ty  values, as shown 
i n  Figure 7, represent both rock and f l u i d  
propert ies. Thus i f  rock propert ies remain 
constant , f o r  lower temperatures, f l u i d  
t ransmiss iv i ty  values should be lower due t o  
higher v iscosi ty.  On the contrary, however, 
observed t ransmiss iv i ty  values are higher f o r  
the  lower temperature f l u i d .  Apparently, 
i n j e c t i o n  of lower temperature f l u i d  resu l t s  

Viscosi ty 

i n  an increase i n  the  t ransmi t t ing  capacity o f  
the  aquifer. The wellhead pressure behavior 
dur ing the  nonisothermal i n j e c t i o n  condit ions 
fol lows a pa t te rn  described f o r  the  RRGI 6 
test ,  discussed previously. 

During the  i n j e c t i o n  conducted on May 2-5 
(Figure 3). between 300 minutes and 
1400 minutes o f  t he  test ,  t he  temperature 
decreased from 64°C t o  45OC. This temperature 
decrease resul ted i n  an estimated wellhead 
decrease o f  270 kPa. More examples of the  
wellhead pressure changes due t o  in jec ted  f l u i d  
temperature changes are l i s t e d  i n  Table 2. 

Further ind ica t ion  of the  t ransmiss iv i ty  
increase due t o  the  co ld  water i n j e c t i o n  i s  
demonstrated by the  absolute we1 lhead pressure 
data. The wellhead pressure o f  2585 kPa was 
predicted f o r  52OC water and 63 Ips i n j e c t i o n  
r a t e  a f te r  3 days o f  pumping Pet ty  (1980). 
The recorded pressure was below 1600 kPa f o r  
s im i la r  i n j e c t i o n  condi t ions (Figure 3).  The 
predicted wellhead pressure was based on the  
v iscos i ty  change. Apparently the  e f fec ts  o f  
v iscos i ty  changes were overrun by the  changes 
i n  aquifer propert ies. 

INTERFERENCE BETWEEN R R G I  6 AND RRGI  7 

I n j e c t i o n  pumping i n t o  RRGI 6 and RRGI 7 
was conducted simultaneously. Because o f  t h i s  
p a r a l l e l  pumping schedule, no interference 
ef fects could be detected from we l l  data. 
Addit ional ly, the  frequent changes i n  the  
i n jec t i on  rates and temperatures resul ted i n  
h igh l y  i r regu la r  wellhead pressure plots.  Any 
interference e f fec ts  would be masked by t h i s  
i r regu la r i t y .  

CONCLUSIONS 

The responses of R R G I  6 and R R G I  7 t o  
nonisothermal and var iab le  temperature f l u i d  
i n j e c t i o n  lead t o  the  fo l low ing  conclusions: 

1. Decrease i n  in jec ted  f l u i d  tempera- 
t u r e  resu l t s  i n  a s ign i f i can t  
decrease i n  the  wellhead pressure 
build-up. 

2. The lower temperature f l u i d  
i n jec t i ons  r e s u l t  i n  an increase i n  
reservo i r  t ransmissiv i ty.  

3. The effects of v i scos i t y  changes are 
overrun by the  changes i n  
t ransmi t t ing  propert ies o f  the  rock. 

temperature and nonisothermal 
i n j e c t i o n  tes ts  and numerical 
modeling are needed t o  f u l l y  
understand the  r e l a t i o n  between 
changing propert ies o f  f l u i d  and 
rock. 

4. Special ly designed var iab le  

, 
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Figure 2. RRGI 7 In ject ion data, t e s t  conducted 4/27-4/30, 1982. 
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Figure 3. RRGI  7 in ject ion data, t e s t  conducted 5/2-5/5, 1982. 
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-_ TABLE 1. TRANSMISSIVITY VALUES RRGI-7 

- ̂-__ 

Transmissivity Temperature I n j e c t  ion  
Rate = Q Q/AP 

Test Date (Lps) jLps/Pa/log cycle) (M2/s) ("C) 

4/27-4/30 56.5 2.40 x 10-1 4.3 x 10-4 80.0 

5/02-5/05 55.8 2.93 x 10-1 5.2 10-4 56 t o  59 

5/02-5/05 65.1 2.32 x 10-1 4.2 x 10-4 59 t o  64 

5/07-5/10 62.2 3.27 x l 0 - l  5.8 1 ~ 4  64 

5/18-5/21 49.5 4.13 x 10-1 7.4 x 10-4 53.2 

5/21-5/27 64.5 6.45 x 10-1 1.15 x 10-3 48.3 

*T = 1.79 x 10-3 Q/bP 
*Units as shown i n  the Table 1 

Remarks 

Ear ly  time, 
temperature steady 

Ear l y  time, 
temperature increasing 

Temperature increasing 
f l ow  s l i g h t l y  
decreased 

Flow s l i g h t l y  
decreased 

Time 20 t o  500 min. 
e f fec ted  by recovery 

TABLE 2. WELLHEAD PRESSURE DECREASE DUE TO TEMPERATURE DECREASE 

Wellhead pressure 
change;estimated, 

densi ty effect, net  Temperature change 
Time In te rva l  from-to: A t  

Test (min.) ("C) (kPa) (kPa) (kPa) 

RRGI  6 900-4500 70-49, 21 400 90 310 
May 16-28 

May 2-5 300-1400 64-45, 19 2 70 85 185 

May 7-10 300- 1000 60-50, 10 120 40 80 

May 8-21 200-2000 525-45, 7.5 180 30 150 

RRGI-7 
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