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A well interference testing program of the Salton Sea Geothermal 
reservoir  is  be ing  conducted a s  p a r t  of a resource evaluation study by 
the Earth Sciences Geothermal Industr ia l  Support Program of the Lawrence 
Livermore Laboratory. S tud ie s  t o  da te  indicate  the reservoir  rock t o  be 
composed of 1 ayered sequences of shales  and sands. We1 1 s involved i n  the 
testing program a r e  be ing  used i n  support o f ,  o r  a r e  i n  the v i c i n i t y  o f ,  
the MAGMA-SDG&E Geothermal Loop Experimental F a c i l i t y  (GLEF)  , located i n  
the Salton Sea Geothermal F i e l d  (SSGF). 
has been cor re la ted  which appears t o  d i v i d e  the reservoi r  i n t o  an upper  
and lower portion. Other thick sand and shale  sequences may provide addi- 
t ional  s t r a t i f i c a t i o n .  T h i s  repor t  describes work i n  progress on a well 
testing program designed t o  determine the horizontal and ver t ica l  t rans-  
missivi ty  and storage parameters between wells i n  the v i c i n i t y  of the 
GLEF. These tests a r e  being conducted w i t h  the cooperation and support of 
Magma Power Company and San Diego Gas and E l e c t r i c  Company. 

Between these wells, a shale  layer  

The Salton Sea Geothermal Field 

of the Salton Sea which i s  w i t h i n  the physiographic province known a s  the 
Salton Basin. T h i s  basin which forms the northern p a r t  of the ColoradolRiver 
Delta i s  a sediment f i l l e d  s t ruc tura l  trough c a l l e d  the Sal ton Trough. The 
Salton Trough i s  p a r t  of a t r a n s i t i o n  from the oceanic spreading center  
associated w i t h  the East Pac i f ic  risf t o  a major continental  f a u l t  system 
t h a t  includes t h e  San Andreas F a u l t .  T h e  sequence o f  sedimentary rocks i n  
the Salton Trough has been determined t o  b e  approximately 6000 m th ick  and 
composed primarily of d e t r i t u s  from the Colorado River.3 A Geologic map of 
p a r t  o f  the Salton3Trough t h a t  includes the Salton Sea Geothermal F i e l d  i s  
shown i n  Figure 1 .  
shaded portion shows wells cur ren t ly  used i n  support of the GLEF. 

T h e  Sal ton Sea Geothermal F i e l d  i s  1 ocated a t  the southeastern end 

Figure 2 shows loca t ions  of wel ls  i n  the SSGF. The 

A recent study, by Tewhey (19771, of d r i l l  cuttings and core samples 
from wells i n  the v i c i n i t y  of the GLEF ind ica te  the sequence of sedimentary 
rocks i n  the SSGF "can be d iv ided  i n t o  three catagories:  ( 1 )  cap rock, ( 2 1 3  
una1 tered reservoi r rocks, and (3 )  hydrothermal l y  a1 tered reservoi r rock". 
The cap rock extends from the surface t o  approximately 350 m. The f i r s t  
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Fig. 2.  Well locations i n  the  SSGF. Wells in 

shaded. area a re  presently used in  s u p p o r t  of 
Geothermal Loop Experimental Fac i l i ty .  

Fig. 1 .  Location o f  Salton Sea Geothermal Field 
and nearby f a u l t s  in Imperial Valley.3 



200 m c o n s i s t  of unconsol idated s i l t ,  sand and grave l .  The rocks from 
200 t o  350 m a re  o f  low pe rmeab i l i t y  c o n s i s t i n g  o f  a carbonate-clay 
m a t r i x  which appears t o  have undergone se l  f -seal  i n g  through i n t e r a c t i o n  
w i t h  t h e  b r i n e . 3  The r e s e r v o i r  rocks c o n s i s t  o f  l aye red  sequences o f  
we l l - i ndu ra ted  shales, sandy-shales and sandstones. The t r a n s i t i o n  f rom 
una1 t e r e g  t o  hydro thermal ly  a1 t e r e d  rock i s  marked by t h e  appearance o f  
ep i  dote.  
and p o r o s i t y  o f  t h e  r e s e r v o i r  rock. Secondary p o r o s i t y  and permeabil i ty 
appears t o  be present  and renewable i n  the  r e s e r v o i r  due t o  f r a c t u r i n g  
associated w i t h  n a t u r a l  s e i s m i c i t y  and o r  hydraul  i c  f r a c t u r i n g .  

The hydrothermal a1 t e r a t i o n  appears t o  reduce the  permeabi 1 i ty 

Desc r ip t i on  o f  We1 1 s 

The w e l l s  i nvo l ved  i n  t h i s  study a r e  shown schemat ica l l y  i n  
F igu re  3. 
o f  hydrothermal a l t e r a t i o n  and c o n s t r u c t i o n  d e t a i l s  i n  each we l l  can be 
seen i n  F igu re  3. A sequence o f  a l t e r n a t i n g  sand and shale beds o v e r l y i n g  
a major  shale break i s  p resent  i n  a l l  the  w e l l s  i nvo l ved  i n  t h i s  study. 
Th is  ap a r e n t l y  cont inuous shale break was f i r s t  c o r r e l a t e d  by Towse and 
Palmer.' The approx imate ly  12 m t h i c k  shale d i v i d e s  t h e  main r e s e r v o i r  
rock sequence i n t o  an upper and lower  r e s e r v o i r .  There appear t o  be addi- 
t i o n a l  t h i c k  sand and shale sequences which m igh t  produce f u r t h e r  s t r a t i -  
f i c a t i o n  o f  t h e  r e s e r v o i r .  

The l o c a t i o n  o f  t h e  bottom o f  t h e  cap rock,  t op  o f  t h e  zone 

The we1 1 s i nvo l ved  i n  t h i  s study a r e  completed w i t h  p e r f o r a t i o n s  
e i t h e r  above o r  be l  ow t h i  s c o r r e l a t e d  shal e 1 ayer  ( shale break)  except 
Woolsey #1 which i s  p e r f o r a t e d  above and below, see F igu re  3. The w e l l  
t e s t i n g  program i s  designed t o  take advantage'of  t h e  w e l l s  be ing p e r f o r a t e d  
i n  d i f f e r e n t  l i t h o l o g i c  hor izons so as t o  measure the  h o r i z o n t a l  and v e r t i -  
c l e  f l o w  p r o p e r t i e s  between we1 1 s. 

The i n i t i a l  t e s t s ,  which a r e  i n  progress,  i n v o l v e  the  w e l l s  i n  the  
immediate v i c i n i t y  o f  t h e  MAGMA-SDG&D GLEF. These are  we l l s ,  Magmamax #1, 
3, and 4 (MM 1 , 3 and 4 )  and Wool sey #1 (WW 1 1. MM 1 and MM 4 are  completed 
above t h e  shale break and pe r fo ra ted  i n  same l i t h o l o g i c  hor izons. MM 3 i s  
p e r f o r a t e d  j u s t  below t h e  shale break and i s  w i t h i n  15 m o f  MM 4. WW 1 has 
a p o r t i o n  o f  i t s  p e r f o r a t e d  i n t e r v a l  i n  t h e  same hor izon  as MM 1. Produc- 
t i o n  w e l l s  f o r  t he  GLEF a r e  MM 1 and WW 1. They a r e  operated i n  e t h e r  a 
s i n g l e  o r  two w e l l  p roduc t ion  mode. MM 3 i s  used as t h e  i n j e c t i o n  w e l l  and 
MM 4 i s  designed as an observa t ion  we l l .  To date i n t e r f e r e n c e  t e s  s have 
been conducted between MM 1 and WW 1 , MM 3 and MM 4, and MM 4 and MM 1. 

The i n t e r f e r e n c e  t e s t  between MM 1 and WW 1 was conducted from 
June 16, 1977 t o  J u l y  10, 1977. The r e s e r v o i r h a d  been shut - in  f o r  two 
months p r i o r  t o  the  t e s t .  I n  t h i s  t e s t ,  WW 1 was t h e  produc t ion  we l l  and 
MM 1 was t h e  observat ion we l l .  MM 3 was t h e  i n j e c t i o n  w e l l  f o r ,  t h e  spent 
b r i n e  and i t s  i n t e r a c t i o n  w i t h  MM 4 w i l l  be discussed 1 a te r .  Pressure was 
moni tored i n  MM 1 f o r  two weeks p r i o r  t o  s t a r t i n g  i n t e r f e r e n c e  t e s t  t o  esta- 
b l i s h  a base l i ne  pressure. WW 1 was primed us ing  N, and commenced f l o w i n g  

- 1 47- 



MAGMAMAX MAGMAMAX MAGMAMAX MAGMAMAX WOOLSEY ELMORE S I N C L A I R  
3 1 1 3 3 2 4 G I .  - 

. I  
_I 

-.-. I 

J00m 

I 
I 
I 
I 
I 

_. -- 

I 

P 
03 

I 

d 

lOOOm 

,'I I 
' I  ' 

,il 1500m 
1 

, . ,  

L! 

I 
.I 1 

, J  / 

l J  2000m - -  

Figure 3: Schematic cross-sect ion of wel l s  involved i n  well  t e s t i n g  program showing 
completion d e t a i l s  wi th in  geothermal r e s e r v o i r .  
i n d i c a t e  pe r fo ra t ed  zones. 
i nc reases  i n  depth as you move away fromMagmamax 2 toward S i n c l a i r  3 .  
Distances between wel l s  a r e  not drawn t o  s c a l e .  

S t r ipped  i n t e r v a l s  i n  w e l l s  
Note t h e  una l te red  rock por t ion  of  t h e  r e s e r v o i r  



on J u l y  2, 1977. Well product ion was approximately 600-700 GPM. The 
we l l  was shut - in  on J u l y  5. A pressure drawdown was observed i n  MM 1. 

Pressure t r a n s i e n t  data was measured i n  MM 1 us ing a Sperry Sun 
pressure transmi ss ion system (0-1000 p s i  range). Because o f  c o r ros ion  
problems, the  pressure t r a n s i e n t  measurements were made a t  30 m below 
the  sur face o f  t he  s t a t i c  f l u i d  column r a t h e r  than a t  r e s e r v o i r  depth. 
Pressure data recorded f o r  two weeks p r i o r  t o  the t e s t  was somewhat no isy  
w i t h  an o v e r a l l  24-hour pressure v a r i a t i o n  o f  0.3 ps i .  Th is  ambient noise 
appears t o  have been r e l a t e d  t o  the  s e n s i t i v i t y  o f  t he  sur face pressure 
transducer t o  ambient temperature changes. An o v e r a l l  pressure drop o f  
1.0 p s i  was observed dur ing  the  t e s t  period. Analys is  o f  t h e  t e s t  data 
was done us ing  t h e  standard l i n e  source so lu t i on ,  log- log,  curve matching 
technique. 
duc t ion  r a t e  and p e r i o d i c  f l o w  reduc t ions  du r ing  the  t e s t  t o  pe rm i t  a 
"p igg ing"  opera t ion  t o  be conducted. It was n o t  poss ib le  t o  know e x a c t l y  
t he  percentage o f  product ion from WW 1 which was producing t h e  drawdown 
i n  MM 1. An estimated f l o w  r a t e  was used t o  so lve f o r  t r a n s m i s s i v i t y  and 
storage parameters. Resul ts  from t h i s  t e s t  showed t h e  two w e l l s  t o  be i n  
communication and prov ided an est imate o f  pe rmeab i l i t y  f o r  the  upper reser-  
v o i r  i n  t h e  500 md range. 
another t e s t  i s  planned w i t h  MM 1 as the  producer and WW 1 as the  observa- 
t i o n  we1 1 . 

I n t e r p r e t a t i o n  o f  t he  data was complicated by a vary ing  pro- 

To reso lve  ambigui t ies present  i n  t h i s  t e s t ,  

The t e s t  between MM 3 and MM 4 was conducted from June 16, 1977, 
t h r u  t h e  end o f  August. MM 3 was the  i n j e c t i o n  we l l  and MM 4 t h e  observa- 
t i o n  we1 1. The t e s t  was designed t o  measure the  response i n  MM 4 ( p e r f o r -  
a ted  above the  shale break) t o  i n j e c t i o n  in MM 3 (per fo ra ted  j u s t  below 
shale break). Pressure mon i to r ing  dur ing  the  t e s t  was done f i r s t  w i t h  
Sperry Sun type equipment and then w i t h  a quar tz  c r y s t a l  pressure gauge. 

I n j e c t i o n  pressures dur ing  the t e s t  averaged approximately 350 p s i  
over s t a t i c  r e s e r v o i r  pressure i n  MM 3. Dur ing t h e  e n t i r e  pe r iod  o f  t he  
t e s t  no pressure response was observed i n  MM 4 which cou ld  be r e l a t e d  t o  
i n j e c t i o n  a c t i v i t i e s  a t  MM 3. Flow r a t e  i n t o  t h e  i n j e c t i o n  we l l  was approx- 
imately 600 gpm. 

On both the  Sperry Sun and quar tz  c r y s t a l  pressure gauge, a d a i l y  
1.0 t o  3.0 p s i  pressure f l u c t u a t i o n  was observed. The d iu rna l  c y c l e  had a 
h igh  a t  03:OO am and a low a t  17:30 pm. The phenomena appears t o  be r e l a t e d  
t o  d a i l y  heat ing  an$ coo l i ng  o f  t h e  l u b r i c a t o r .  When opened, MM 4 produced 
a f a i r  amount o f  CO and seeped f l u i d  a t  a low ra te .  When shut- in, t he  
f l u i d  pressure i n  t h e  l u b r i c a t o r  rose w i t h i n  20 min t o  approximately 50 
ps i .  Overa l l  response o f  t he  we l l  seems t o  i n d i c a t e  i t  i s  p a r t i a l l y  blocked 
w i t h  s u f f i c i e n t  gas and f l u i d  e n t r y  t o  r e b u i l d  sur face pressure. I f  the re  
i s  v e r t i c a l  leakage across the  shale break due t o  i n j e c t i o n  i n t o  MM 3, i t  
i s  s u f f i c i e n t l y  small so as n o t  t o  produce an observable pressure response 
i n  p a r t i a l l y  blocked Magmamax #4 on ly  15 m away. 
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The t e s t  between MM 4 and MM 1 was conducted f o r  approximately 
three weeks i n  September. M M  1 was the production well and MM 4,was 
the observation well. As in the previous t e s t ,  no response was observed 
in MM 4. If a response was present, i t  was masked by the diurnal pressure 
noise in MM 4. An additional noise was present in this  t e s t  due t o  a leak 
which developed i n  the hydraulic l ine wiper on t o p  of the lubricator. 

Addi t i  onal Testi na P1 ans 

Plans are i n  motion t o  work over MM 4 so as t o  improve i t s  perfor- 
mance as an observation well. Recent effor ts  a t  the MAGMA-SDG&E G L E F  have 
been directed a t  install ing solids control  equipment so as t o  improve 
injectabi l i ty  of  the spent brine. As a resul t  of  these act ivi t ies ,  addi -  
tional tes ts  have n o t  been conducted t o  date. I n  the near future, inter- 
ference tes ts  between MM 1 , MM 4 ,  MM 3 ,  and W W  1 will be conducted. Fall- 
off surveys are also planned for MM 3 using the qua r t z  gauge a t  reservoir 
depth. Improved well conditions and equipment should enable these tes ts  
t o  provide 1 ess ambiguous resul t s .  

Early in 1978, a long term multi-well interference tes t  i s  planned. 
Magmamax #2 ( M M  21, Elmore #3  ( E M  3 )  and Sinclair # 3  (SN 3 )  will be used as 
observation wells. The wells will be instrumented with qua r t z  pressure 
gauges. During the t e s t ,  M M  1 w i l l  be the production we1 1 and MM 3 w i l l  be 
the injection we1 1 .  A1 1 three observation we1 1 s are perforated bel ow the 
shale break. EM 3 i s  perforated i n  same interval as MM 3 .  MM 2 and SN 3 
are b o t h  perforated a t  greater depth t h a n  MM 3 .  
pressure transients recorded in the observation wells should provide a 
measure of the horizontal and vertical flow characterist ics of the lower 
reservoir. 

I n  th is  configuration, 

Upon completion of  the well testing program, a formal report of 
the resul t s  wi 11 be i ssued by Lawrence Li vermore Laboratory. 
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