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ABSTRACT 

Three w e l l s  have been d r i l l e d  by t h e  Los 
Angeles Department o f  Water and Power a t  t h e  
Cos0 Hot  S p r i n g s  KGRA. 
was conducted i n v o l v i n g  one p r o d u c i n g  w e l l  
( w e l l  43-7), one i n j e c t o r  ( w e l l  88-11, and 
two o b s e r v a t i o n  w e l l s  ( w e l l  66-6 and 
C a l i f o r n i a  Energy C O ' S  w e l l  71A-7). 

T h i s  paper p r e s e n t s  t h e  equipment and tech-  
n iques  i n v o l v e d  and t h e  r e s u l t s  from t h e  
l o n g - t e r m  t e s t  conducted between December 
1985 and February  1986. 

INTRODUCTION 

A l o n g - t e r m  f l o w  t e s t  was conducted i n  t h e  
Cos0 Hot  Spr ings  KGRA, C a l i f o r n i a ,  d u r i n g  t h e  
p e r i o d  December 1985 t o  March 1986. The f l o w  
t e s t  i n v o l v e d  w e l l s  43-7, 88-1  and 66-6 on 
t h e  leases  o f  Los Angeles Department o f  Water 
and Power (LADWP) and w e l l  71A-7 on t h e  
l e a s e h o l d  of C a l i f o r n i a  Energy Company ( C E C ) .  
The w e l l  l o c a t i o n s  a r e  shown on f i g u r e  1. 

The l o n g - t e r m  f l o w  t e s t  i n v o l v e d  f l o w i n g  
LADWP 43-7 t h r o u g h  a 10- inch  p i p e l i n e  t o  a 
v e r t i c a l  f l a s h  c y c l o n i c  separa tor .  The w a t e r  
and steam phases were metered s e p a r a t e l y  and 
t h e n  recombined b e f o r e  b e i n g  d ischarged t o  
t h e  atmosphere t h r o u g h  an atmospher ic  
s e p a r a t o r / m u f f l e r .  The separa ted  waste w a t e r  
was a l l o w e d  t o  c o o l  i n  a s e t t l i n g  pond t o  
p r e c i p i t a t e  t h e  m a j o r i t y  of t h e  d i s s o l v e d  
s i l i c a  and t h e n  pumped t o  LADWP 88-1 where 
t h e  w a t e r  was f i r s t  f i l t e r e d  and t h e n  
i n j e c t e d  back i n t o  t h e  r e s e r v o i r .  W e l l s  
LADWP 66-6 and CEC 71A-7 were used t o  m o n i t o r  
f o r  any i n t e r f e r e n c e  e f f e c t s  caused by  p r o -  
d u c t i o n  f r o m  LADWP 43-7 o r  i n j e c t i o n  t o  LADWP 
88-1. Downhole p ressures  were a l s o  m o n i t o r e d  
i n  b o t h  t h e  p r o d u c t i o n  and i n j e c t i o n  w e l l s .  

The p r o d u c t i o n  w e l l ,  LADWP 43-7, was 
completed on February  28, 1985 t o  a t o t a l  
depth  o f  2,976 f e e t .  
i n c l u d i n g  c a s i n g  shoe depths and f l u i d  
e n t r i e s  recorded d u r i n g  a i r  d r i l l i n g ,  i s  
shown i n  f i g u r e  2. 
f o r  a p e r i o d  o f  37 hours  d u r i n g  March 1 and 
2, 1985 and was found t o  produce 5.5 MW (mass 

A long- te rm f l o w  t e s t  

The w e l l .  p r o f i l e ,  

The w e l l  was f l o w  t e s t e d  

f l o w  = 390,000 l b s / h r ;  e n t h a l p y  = 490 BTU/lb) 
a t  a we l lhead p r e s s u r e  of 130 p s i a .  The w e l l  
encountered a maximum r e s e r v o i r  tempera ture  
o f  468°F ( f i g u r e  3 )  wh ich  has a cor respond ing  
s a t u r a t i o n  e n t h a l p y  o f  450 BTU/lb; hence t h e  
w e l l  was produc ing  some f r e e  steam f rom t h e  
r e s e r v o i r .  

A f t e r  t h e  s h o r t - t e r m  t e s t ,  t h e  w e l l  was s h u t -  
i n  u n t i l  t h e  s t a r t  o f  t h e  l o n g - t e r m  t e s t .  

TEST EQUIPMENT 

The equipment i n v o l v e d  i n  t h e  l o n g - t e r m  f l o w  
t e s t  can be d i v i d e d  i n t o  3 main components: 

(1) w e l l  p r o d u c t i o n  m e t e r i n g  system, 
( 2 )  w a t e r  i n j e c t i o n  m e t e r i n g  system, and 
( 3 )  downhole p r e s s u r e  m o n i t o r i n g  system. 

The w e l l  p r o d u c t i o n  m e t e r i n g  system was used 
t o  measure t h e  w e l l h e a d  p r e s s u r e  and d e t e r -  
mine t h e  p r o d u c t i o n  r a t e ,  e n t h a l p y  and chemi- 
c a l  c h a r a t e r i s t i c s  o f  t h e  produced steam and 
w a t e r  f r o m  LADWP 43-7. The two-phase f l u i d  
produced a t  t h e  w e l l  was conducted th rough a 
10- inch  p i p e  t o  a v e r t i c a l  f l a s h  c y c l o n i c  
s e p a r a t o r  r a t e d  f o r  175 p s i  a t  371°F. A f t e r  
s e p a r a t i o n ,  t h e  water  and steam phases were 
m e t e r e d  s e p a r a t e l y  and r e m i x e d  downstream o f  
t h e  s e p a r a t o r  c o n t r o l  va lves .  The m i x t u r e  
was t h e n  conducted t h r o u g h  a 12- inch  p i p e  t o  
an a tmospher ic  s e p a r a t o r / m u f f l e r  which served 
t h e  purpose o f  r e d u c i n g  t h e  n o i s e  l e v e l  a t  
t h e  exhaust .  

The separa ted  waste water  was c o l l e c t e d  i n  a 
s e t t i n g  pond and t h e n  pumped th rough a 6 - i n c h  
aluminum p i p e l i n e  t o  t h e  i n j e c t i o n  w e l l ,  
LADWP 88-1. 
r e c o r d i n g  equipment were used t o  m o n i t o r  t h e  
i n j e c t i o n  r a t e .  I n j e c t i o n  w a t e r  tempera ture  
and w e l l h e a d  p r e s s u r e  (vacuum) were a l s o  
m o n i t o r e d  a t  LADWP 88-1. A doub le  body 
f i l t e r i n g  u n i t  w i t h  a c a p a c i t y  o f  1000 gpm 
u t i l i z i n g  28 f i l t e r i n g  e lements (20 m i c r o n s )  
was i n s t a l l e d  be fore  t h e  l i q u i d  i n l e t  t o  

The downhole p r e s s u r e  m o n i t o r i n g  equipment 
f o r  each w e l l  i n c l u d e d  a s t a i n l e s s  s t e e l  
p r e s s u r e  chamber a t t a c h e d  t o  0.125 i n c h  0.0. 

Both  d i r e c t  r e a d i n g  and 

LADWP 88-1. 
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s t a i n l e s s  s t e e l  c a p i l l a r y  t u b i n g .  The s u r -  
f a c e  end o f  t h e  c a p i l l a r y  t u b i n g  was con- 
nec ted  t o  a P a r o s c i e n t i f i c  q u a r t z  p r e s s u r e  
t r a n s d u c e r .  
would be t r a n s m i t t e d  t o  t h e  t r a n s d u c e r  by  
h e l i u m  gas c o n t a i n e d  i n  t h e  chamber and t h e  
t u b i n g .  The t r a n s d u c e r  s i g n a l s  were 
a m p l i f i e d  and s e n t  v i a  a m u l t i p l e  conductor  
c a b l e  t o  a c e n t r a l  d a t a  l o g g e r  equipped w i t h  
a p o r t a b l e  computer. Pressure  t r a n s d u c e r s  
were a l s o  used t o  m o n i t o r  t h e  w e l l h e a d  p r e -  
s u r e  o f  LADWP 43-7 and t o  m o n i t o r  a tmospher ic  
p ressure .  Wel lhead and ambient  tempera ture  
were a l s o  recorded.  

Any change i n  downhole p r e s s u r e  

TEST SCHEDULE 

Wel l  LADWP 43-7 was s t i m u l a t e d  t o  f l o w  on 
December 11, 1985 a f t e r  compress ing t h e  w e l l  
w i t h  a i r  t o  a p p r o x i m a t e l y  350 p s i g  and 
a l l o w i n g  t h e  w e l l  t o  h e a t  up f o r  24 hours.  
The f l o w  was t h e n  bypassed t o  t h e  s e p a r a t o r  
and t h e  w e l l  c o n t i n u e d  t o  f l o w  u n t i l  February  
27, 1986 when i t  d i e d  due t o  h o l e  c o l l a p s e .  
D u r i n g  t h e  l a s t  month o f  t h e  t e s t ,  sudden 
changes i n  t h e  f l o w i n g  parameters and 
downhole p r e s s s u r e  were n o t e d  on 2 occasions,  
accompanied by  drops  i n  f l o w  r a t e  and 
e n t  ha1 p y  . 
A f t e r  t h e  w e l l  d ied,  m o n i t o r i n g  o f  downhole 
p ressures  i n  t h e  o b s e r v a t i o n  w e l l s  c o n t i n u e d  
u n t i l  March 28, 1986. 

ANALYSIS OF TEST DATA 

Wel l  LADWP 43-7 F low Data 

F i g u r e  4 p r e s e n t s  p l o t s  o f  t h e  downhole 
p r e s s u r e  data,  p r o d u c t i o n  r a t e  and t o t a l  
f l u i d  e n t h a l p y  as f u n c t i o n s  o f  t i m e  f o r  w e l l  
LADWP 43-7. The d a t a  covers  t h e  t i m e  p e r i o d  
70 t o  160 days, based on September 27, 1985, 
as t h e  s t a r t i n g  data.  
sen as i t  c o i n c i d e d  w i t h  t h e  s t a r t  o f  moni -  
t o r i n g  of downhole p ressures  i n  t h e  w e l l s .  
Severa l  i m p o r t a n t  o b s e r v a t i o n s  can be made 
based on t h e  f l o w  m e t e r i n g  d a t a  and downhole 
p r e s s u r e  d a t a  c o l l e c t e d  f r o m  w e l l  LADWP 43-7: 

The z e r o  t i m e  was cho- 

1. 

2. 

The w e l l  produced a smal l  amount o f  f r e e  
steam d u r i n g  most o f  t h e  f l o w  p e r i o d ,  w i t h  
t h e  downhole steam q u a l i t y  d e c l i n i n g  f r o m  
about  3% a t  t h e  s t a r t  o f  t h e  f l o w  t e s t  t o  
n e a r l y  0% a f t e r  day 137 ( t h a t  i s ,  a f t e r  61 
days o f  f l o w ) .  Under s t a t i c  c o n d i t i o n s ,  
t h e  r e s e r v o i r  i s  a t  s a t u r a t i o n  c o n d i t i o n  
b u t  has no f r e e  steam. 

The w e l l ' s  f l o w  c h a r a c t e r i s t i c s  changed 
a b r u p t l y  on days 119-120 (24-25 January 
19861, as ev idenced by  sharp  r e d u c t i o n s  i n  
b o t h  w e l l h e a d  and downhole p ressures  and 
mass f l o w  r a t e .  The e n t h a l p y  a l s o  showed 
a s l i g h t  r i s e ,  b u t  t h e  change i s  n o t  as 
s i g n i f i c a n t  as n o t e d  i n  t h e  o t h e r  parame- 
t e r s .  T h i s  a b r u p t  change was b e l i e v e d  t o  
be caused by  a sudden f i l l - u p  o f  t h e  lower  
p a r t  o f  t h e  w e l l  by  r o c k  d e b r i s .  

3. The w e l l  c h a r a c t e r i s t i c s  c o n t i n u e d  t o  
d e t e r i o r a t e  a f t e r  t h e  f i r s t  a b r u p t  change. 
T h i s  d e t e r i o r a t i o n  i s  b e l i e v e d  t o  r e s u l t  
f r o m  c o n t i n u e d  f i l l - u p  o f  t h e  w e l l  w i t h  
r o c k  d e b r i s .  

T a b l e  1 sumnar izes t h e  observed charac-  
t e r i s t i c s  o f  w e l l  LADWP 43-7 a f t e r  i t  s t a b i -  
l i z e d  (and b e f o r e  i t  d e t e r i o r a t e d  because o f  
h o l e  f i l l - u p ) .  

Drawdown Data 

The downhole p r e s s u r e  d a t a  f r o m  w e l l  LADWP 
43-7 were ana lyzed u s i n g  a mathemat ica l  model 
based on t h e  l i n e  source s o l u t i o n  f o r  r a d i a l  
f l o w  i n  a homogenous and i s o t o p i c  porous 
medium o f  u n i f o r m - t h i c k n e s s  w i t h  p ressure-  
independent  r o c k  and f l u i d  p r o p e r t i e s ,  smal l  
p r e s s u r e  g r a d i e n t s  and n e g l i g i b l e  g r a v i t y  
f o r c e s .  As we a r e  a n a l y z i n g  t h e  response i n  
t h e  p r o d u c i n g  w e l l ,  i t  i s  a l s o  necessary t o  
i n c l u d e  t h e  s k i n  f a c t o r  o f  t h e  w e l l  i n  t h e  
c a l c u l a t i o n s .  

The l i n e  source s o l u t i o n  i s  g e n e r a l l y  o n l y  
a p p l i c a b l e  when t h e  a c t i v e  w e l l  i s  p r o d u c i n g  
a t  a c o n s t a n t  f l o w  r a t e .  However, b y  u s i n g  
t h e  p r i n c i p l e  o f  s u p e r p o s i t i o n  i n  t ime,  i t  i s  
p o s s i b l e  t o  account f o r  a v a r i a b l e  f l o w  r a t e  
h i s t o r y .  

The procedure  used i n  t h e  model c a l c u l a t i o n s  
was t o  i n p u t  t h e  measured p r o d u c t i o n  schedule 
( f i g u r e  4 )  and t h e  p r e s s u r e  b e h a v i o r  o f  t h e  
w e l l  was t h e n  c a l c u l a t e d  as a f u n c t i o n  o f  
t i m e  f o r  a s e r i e s  o f  r e s e r v o i r  and w e l l  
c h a r a c t e r i s t i c s  i n p u t  t o  t h e  model: s p e c i f i c  
volume o f  t h e  r e s e r v o i r  f l u i d ;  w e l l b o r e  
d iameter  and s k i n  f a c t o r ;  r e s e r v o i r  f l o w  
c a p a c i t y  ( k h )  and s t o r a g e  c a p a c i t y ;  r e s e r v o i r  
tempera ture  and i n i t i a l  p ressure ;  i n i t i a l  
s t a t i c  w a t e r  l e v e l  i n  t h e  w e l l ;  c o n c e n t r a t i o n  
o f  d i s s o l v e d  s o l i d s  and gases i n  t h e  r e s e r -  
v o i r  f l u i d ;  e t c .  R e s e r v o i r  p r o p e r t i e s  were 
assumed t o  be i s o t r o p i c .  

The c a l c u l a t e d  p r e s s u r e  b e h a v i o r  was t h e n  
compared w i t h  t h e  observed p r e s s u r e  behav io r .  
I f  t h e  two agreed w i t h i n  a chosen t o l e r a n c e ,  
t h e  t e s t  d a t a  f o r  t h e  w e l l  were assumed t o  be 
"matched"; t h a t  i s ,  t h e  assumed model w i t h  
t h e  chosen parameters was supposed t o  be 
" c a l i b r a t e d " .  

I f  t h e  c a l c u l a t e d  and observed p r e s s u r e  beha- 
v i o r s  d i d  n o t  match, one o r  more of t h e  f l o w  
c a p a c i t y ,  s t o r a g e  c a p a c i t y  o r  s k i n  f a c t o r  
were changed and t h e  p r e s s u r e  behav io r  r e -  
c a l c u l a t e d .  T h i s  t r i a l - a n d - e r r o r  process was 
c o n t i n u e d  u n t i l  t h e  c a l c u l a t e d  p r e s s u r e  beha- 
v i o r  matched w i t h  t h e  observed w i t h i n  t h e  
chosen t o l e r a n c e .  A l though i t  i s  t h e o r e t i -  
c a l l y  p o s s i b l e  t h a t  t h i s  p rocess  may n o t  g i v e  
a un ique s o l u t i o n ,  i n  p r a c t i c e  i t  i s  
g e n e r a l l y  found t h a t  t h e  o v e r a l l  shape of 
such a measured p r e s s u r e  response can o n l y  be 
matched by  a un ique s e t  o f  parameters.  
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F o r  w e l l  LADWP 43-7, a t t e m p t s  were made t o  
match t h e  measured response as o u t l i n e d  i n  
t h e  above d i s c u s s i o n .  However, i t  was f o u n d  
t h a t  t h e  downhole p r e s s u r e  was n o t  respond ing  
t o  p r o d u c t i o n  as expected; t h e  p r e s s u r e  was 
d r o p p i n g  as t h e  f l o w  r a t e  decreased f r o m  90 
t o  116 days i n s t e a d  o f  r i s i n g  as would be 
p r e d i c t e d  b y  t h e  above model. T h i s  suggested 
t h a t  t h e  response c o u l d  n o t  be adequate ly  
matched by  assuming t h a t  t h e  i n p u t  parameters 
remained c o n s t a n t .  

I t  was dec ided t o  match t h e  measured response 
i n  w e l l  LADWP 43-7 by  assuming t h e  r e s e r v o i r  
f l o w  c a p a c i t y  and s t o r a g e  c a p a c i t y  had t h e  
same va lues  as c a l c u l a t e d  f r o m  t h e  s h o r t  t e r m  
f l o w  t e s t  i n  March 1985 (kh  = 8000 mdmft, 
S=0.004 f t / p s i ,  5=0.004 f t / p s i )  and by  
a l l o w i n g  t h e  s k i n  f a c t o r  t o  v a r y  as a f u n c -  
t i o n  o f  t ime.  The r e s u l t i n g  match t o  t h e  
measured d a t a  i s  shown i n  f i g u r e  5 w h i l e  t h e  
c a l c u l a t e d  v a r i a t i o n  i n  apparent  s k i n  f a c t o r  
i s  shown i n  f i g u r e  6. The apparent  s k i n  f a c -  
t o r  h i s t o r y  p r o v i d e s  a method o f  i l l u s t r a t i n g  
t h e  changes i n  w e l l  per formance w i th  t ime.  

The p l o t  i n  f i g u r e  6 shows t h a t  t h e  w e l l  i n i -  
t i a l l y  had an apparent  s k i n  f a c t o r  o f  
a p p r o x i m a t e l y  -3.5. The s k i n  f a c t o r  
i n c r e a s e d  g r a d u a l l y  f r o m  -3.5 t o  -2.6 by  day 
120 (25 January 1986) when t h e  sharp  
d e t e r i o r a t i o n  i n  w e l l  c h a r a c t e r i s t i c s  was 
n o t e d  as d iscussed before.  T h i s  g radua l  
i n c r e a s e  may have been due t o  changes i n  
apparent  f l o w  c a p a c i t y  caused b y  two phase 
c o n d i t i o n s  i n  t h e  r e s e r v o i r  b u t  t h e  change i s  
n o t  cons idered t o  be p a r t i c u l a r l y  s i g n i f i -  
cant .  A f t e r  day 120, t h e  s k i n  f a c t o r  jumped 
f r o m  -2.6 t o  -0.8 w i t h i n  3 days i m p l y i n g  a 
s i g n i f i c a n t  d e t e r i o r a t i o n  i n  w e l l  charac-  
t e r i s t i c s .  The s k i n  f a c t o r  remained reaso-  
n a b l y  s t a b l e  u n t i l  day 140 (14 February  
19861, when i t  began i n c r e a s i n g  r a p i d l y  
again.  The w e l l  had reached an apparent  s k i n  
f a c t o r  o f  2.6 on day 153, j u s t  be fore  t h e  
w e l l  s topped f l o w i n g .  

O b s e r v a t i o n  and I n j e c t i o n  Wel l  Data 

From a p r e l i m i n a r y  a n a l y s i s  o f  t h e  obser-  
v a t i o n  and i n j e c t i o n  w e l l  da ta ,  we have 
concluded t h e  f o l l o w i n g :  

1. The downhole p r e s s u r e  i n  w e l l  LADWP 66-6 
d i d  n o t  respond when w e l l  LADWP 43-7 
s t a r t e d  p r o d u c i n g  b u t  s t a r t e d  t o  r i s e  once 
i n j e c t i o n  began t o  w e l l  LADWP 88-1. 
S i m i l a r l y ,  t h e  pressures  began t o  f a l l  as 
soon as i n j e c t i o n  t o  w e l l  LADWP 88-1  was 
stopped. I t  i s  t h e r e f o r e  concluded t h a t  
w e l l  LADWP 66-6 was o n l y  respond ing  t o  
i n j e c t i o n  i n  w e l l  LADWP 88-1 and n o t  t o  
p r o d u c t i o n  f r o m  w e l l  LADWP 43-7. 

2. C o n s i d e r i n g  t h a t  w e l l  LADWP 66-6 i s  
respond ing  t o  i n j e c t i o n  even though i t  i s  
c l o s e r  t o  t h e  p r o d u c t i o n  w e l l  LADWP 43-7 
t h a n  t h e  i n j e c t i o n  w e l l  LADWP 88-1, and 

t h a t  b o t h  w e l l s  LADWP 88-1 and LADWP 66-6 
have deeper c a s i n g  and deeper p r o d u c t i o n  
zones t h a n  does w e l l  LADWP 43-7, we 
conc lude t h a t  w e l l s  LADWP 88-1 and LADWP 
66-6 a r e  communicating t h r o u g h  a deeper 
p a r t  of t h e  r e s e r v o i r  t h a n  t h e  l e v e l  f r o m  
wh ich  LADWP 43-7 i s  p roduc ing .  

d e c l i n e d  c o n s i d e r a b l y  d u r i n g  t h e  t e s t  even 
though t h e  i n j e c t i o n  r a t e  remained n e a r l y  
cons tan t .  T h i s  i m p l i e s  t h a t  t h e  w e l l  was 
i m p r o v i n g  i n  i n j e c t i  v i  ty, p o s s i b l y  due t o  
c l e a n i n g  up o f  e x i s t i n g  f r a c t u r e s  and/or  
open ing  up o f  new f r a c t u r e s .  

4. Well CEC 71A-7 had a v e r y  " n o i s y "  p r e s s u r e  
response, when compared t o  t h e  response 
measured i n  w e l l  LADWP 66-6. T h i s  i s  
b e l i e v e d  t o  be due t o  t h e  w e l l  b e i n g  on 
b l e e d  d u r i n g  t h e  t e s t .  

The p r e s s u r e  response o f  w e l l  LADWP 66-6 was 
ana lyzed u s i n g  t h e  mathemat ica l  model 
d e s c r i b e d  above, assuming t h a t  t h e  w e l l  was 
respond ing  t o  i n j e c t i o n  t o  w e l l  LADWP 88-1. 
I n  t h i s  case, t h e  response i n  an o b s e r v a t i o n  
w e l l  was b e i n g  matched and hence i t  was n o t  
necessary t o  know t h e  s k i n  f a c t o r .  Wi th  
o b s e r v a t i o n  w e l l  data,  i t  i s  a l s o  p o s s i b l e  t o  
d i r e c t l y  c a l c u l a t e  b o t h  t h e  f l o w  c a p a c i t y  and 
t h e  s t o r a g e  c a p a c i t y .  

3. The downhole p r e s s u r e  i n  w e l l  LADWP 88-1 

F i g u r e  7 shows t h e  match o b t a i n e d  between t h e  
observed ( c o n t i n u o u s  l i n e )  and c a l c u l a t e d  
( s m a l l  squares)  p r e s s u r e  responses a t  w e l l  
LADWP 66-6. The match i s  e x c e l l e n t ,  t h e  
d i f f e r e n c e  between t h e  c a l c u l a t e d  and 
observed p r e s s u r e  va lues  b e i n g  always l e s s  
t h a n  t h e  r e s o l u t i o n  o f  t h e  p r e s s u r e  d a t a  
ob ta ined.  The r e s e r v o i r  f l o w  c a p a c i t y  
r e q u i r e d  t o  o b t a i n  t h e  match was 108,000 
m d - f t ,  i n d i c a t i n g  t h a t  t h e  " lower ' l  r e s e r v o i r  
w i t h  wh ich  LADWP 66-6 communicates has a v e r y  
good f l o w  c a p a c i t y .  
va lue  r e q u i r e d  t o  match t h e  p r e s s u r e  d a t a  o f  
LADWP 66-6 was 0.0012 f t / p s i .  
c a l  va lues  o f  10-5 p s i - 1  f o r  t o t a l  r e s e r v o i r  
c o m p r e s s i b i l i t y  and 0.05 t o  0.10 f o r  p o r o -  
s i t y ,  t h i s  s t o r a t i v i t y  v a l u e  i m p l i e s  a r e s e r -  
v o i r  t h i c k n e s s  of 1,200 t o  2,400 f e e t .  T h i s  
range o f  r e s e r v o i r  t h i c k n e s s  appears reaso-  
nab le .  

The s t o r a g e  c a p a c i t y  

Assuming t y p i -  

The v a l u e  of f l o w  c a p a c i t y  c a l c u l a t e d  f r o m  
t h e  a n a l y s i s  o f  t h e  i n t e r f e r e n c e  response o f  
w e l l  LADWP 66-6 i s  an o r d e r  o f  magni tude 
h i g h e r  t h a n  t h e  va lues  c a l c u l a t e d  f r o m  s h o r t  
t e r m  f l o w  t e s t  d a t a  f o r  w e l l s  LADWP 43-7 
(March 1985) and LADWP 66-6 (June 1985). 
T h i s  d i f f e r e n c e  between parameters c a l c u l a t e d  
from s i n g l e  w e l l  t e s t s  and i n t e r f e r e n c e  t e s t s  
has been seen i n  a number of geothermal 
f i e l d s .  I t  i s  b e l i e v e d ,  however, t h a t  t h e  
parameters c a l c u l a t e d  f r o m  i n t e r f e r e n c e  d a t a  
b e t t e r  r e f l e c t  how t h e  r e s e r v o i r  w i l l  respond 
t o  e x p l o i t a t i o n .  
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I t  i s  b e l i e v e d  t h a t  w e l l  CEC 71A-7 d i d  n o t  
respond t o  t h e  d ischarge o f  w e l l  LADWP 43-7 
and t h e  p r e s s u r e  v a r i a t i o n s  can be s a t i s f a c -  
t o r i l y  e x p l a i n e d  b y  l e a k s  i n  t h e  c a p i l l a r y  
t u b i n g  and t h e  b l e e d i n g  o f  t h e  w e l l .  
p o s s i b l e  reason f o r  t h e  l a c k  o f  response i s  
t h e  h i g h  c o m p r e s s i b i l i t y  o f  t h e  two-phase 
steam/water m i x t u r e  wh ich  i s  known t o  e x i s t  
around w e l l  CEC 71A-7. F l u i d  w i t h  h i g h  
c o m p r e s s i b i l i t y  a c t s  l i k e  a b a r r i e r  t o  
p r e s s u r e  t r a n s i e n t s .  

The p r e s s u r e  response o f  w e l l  LADWP 88-1 was 
a l s o  ana lyzed u s i n g  t h e  same approach as used 
f o r  LADWP 43-7 and LADWP 66-6. As w i t h  w e l l  
LADWP 43-7, i t  was found t h a t  t h e  measured 
p r e s s u r e  response c o u l d  n o t  be adequate ly  
matched i f  i t  was assumed t h a t  t h e  r e s e r v o i r  
parameters remained c o n s t a n t  d u r i n g  t h e  t e s t .  
I t  was no ted  t h a t  t h e  measured pressures  were 
d e c l i n i n g  a t  a f a s t e r  r a t e  a f t e r  120 days 
t h a n  would be expected by  t h e  drop  i n  i n j e c -  
t i o n  r a t e  caused b y  t h e  h o l e  c o l l a p s e  i n  w e l l  

The d e c l i n e  i n  p r e s s u r e  no ted  i n  w e l l  LADWP 
88-1 may have been caused by: 

1. r e s e r v o i r  p r e s s u r e  drawdown r e l a t e d  t o  t h e  
d i s c h a r g e  o f  w e l l  LADWP 43-7; o r  

2. improvement i n  t h e  i n j e c t i v i t y  o f  w e l l  

A 

LADWP 43-7. 

LADWP 88-1. 

The most l i k e l y  e x p l a n a t i o n  i s  t h e  improve-  
ment i n  i n j e c t i v i t y  of w e l l  LADWP 88-1. I f  
t h e  change was due t o  i n t e r f e r e n c e  f r o m  w e l l  
LADWP 43-7, i t  would have s t a r t e d  t o  o c c u r  
n e a r e r  t h e  s t a r t  o f  t h e  f l o w  t e s t .  

To model t h e  improvement i n  i n j e c t i v i t y ,  t h e  
s k i n  f a c t o r  was a l l o w e d  t o  v a r y  as a f u n c t i o n  
o f  t ime.  F o r  p r a c t i c a l  purposes i t  i s  found 
t h a t  t h e  s k i n  f a c t o r  g e n e r a l l y  f a l l s  w i t h i n  
t h e  range f r o m  -8 t o  20 f o r  t h e  v a s t  m a j o r i t y  
o f  geothermal w e l l s .  The p o s s i b l e  range o f  
s k i n  f a c t o r  va lues  t h e r e f o r e  p r o v i d e d  a 
c o n s t r a i n t  on t h e  v a l u e  o f  f l o w  c a p a c i t y  t h a t  
c o u l d  be used i n  t h e  model. The s t o r a g e  
c a p a c i t y  used i n  t h e  model was assumed t o  be 
t h e  same as c a l c u l a t e d  f r o m  t h e  p r e s s u r e  
response measured i n  w e l l  LADWP 66-6 (0.0012 
p s i  / f t  1. 

A f t e r  numerous t r i a l s  i t  was found t h a t  a 
f l o w  c a p a c i t y  of 50,000 m d e f t  gave a good 

match t o  t h e  measured pressure  response, w i t h  
c a l c u l a t e d  s k i n  f a c t o r s  remain ing  w i t h i n  t h e  
r e q u i r e d  range. 
p r e s s u r e  response i s  shown i n  f i g u r e  8. 
F i g u r e  9 shows t h e  c a l c u l a t e d  s k i n  f a c t o r  
h i s t o r y  as a f u n c t i o n  o f  t ime.  The w e l l  had 
a h i g h  apparent  w e l l  damage ( s k i n  f a c t o r  of 
16)  u n t i l  day 120, a f t e r  which t h e  genera l  
t r e n d  shows t h e  s k i n  f a c t o r  g r a d u a l l y  
d r o p p i n g  u n t i l  i t  reached -8 a t  t h e  end o f  
t h e  t e s t .  These changes i n  s k i n  f a c t o r  a r e  
b e l i e v e d  t o  i n d i c a t e  t h a t  t h e  w e l l  showed 
improved i n j e c t i v i t y  e i t h e r  due t o  c l e a n  up 
o f  d r i l l  c u t t i n g s  o r  opening o f  more f r a c -  
t u r e s  due t o  t h e  thermal  shock o f  c o l d  w a t e r  
i n j e c t i o n .  

The match t o  t h e  observed 

CONCLUSIONS 

I n  sumnary, i t  can be concluded t h a t  t h e  
long- te rm t e s t  program has been q u i t e  suc- 
c e s s f u l  i n  assess ing  t h e  LADWP w e l l s  and t h e  
r e s e r v o i r .  The f o l l o w i n g  i m p o r t a n t  i n f o r -  
m a t i o n  r e l a t i n g  t o  t h e  development aspec ts  o f  
t h e  f i e l d  were l e a r n e d  f r o m  t h e  t e s t :  

1. 

2. 

3. 

4. 

Wel l  LADWP 43-7 has a s u s t a i n e d  c a p a c i t y  
o f  a p p r o x i m a t e l y  4 MW a t  a we l lhead 
p r e s s u r e  o f  80 p s i a .  

The t e s t  i n d i c a t e d  t h a t  t h e r e  a r e  p r o b a b l y  
two d i f f e r e n t  p r o d u c t i o n  l e v e l s  i n  t h e  
r e s e r v o i r .  The s h a l l o w e r  l e v e l ,  i n  t h e  
depth  range 2,000 t o  3,000 f e e t ,  i s  tapped 
by  LADWP 43-7, w h i l e  t h e  deeper l e v e l  
(be low 3,500 f e e t )  i s  tapped by  w e l l s  
LADWP 88-1 and LADWP 66-6. 

The lower  l e v e l  i s  b e l i e v e d  t o  be a b e t t e r  
e x p l o r a t i o n  t a r g e t  because i t  i s  p r o b a b l y  
t h e  source o f  f l u i d  f o r  t h e  upper l e v e l  
and i t  has a h i g h e r  r e s e r v o i r  p ressure .  
A l though w e l l s  LADWP 88-1 and LADWP 66-6 
proved t o  be c o o l e r  and t h e r e f o r e  l e s s  
p r o d u c t i v e  t h a n  LADWP 43-7, t h e  upf low 
zone appears t o  u n d e r l i e  most o f  t h e  LADWP 
leaseho ld .  There fore ,  h o t t e r  deeper p r o -  
d u c t i o n  may be d i s c o v e r e d  on t h e  LADWP 
l e a s e h o l d  i n  t h e  f u t u r e .  

The t e s t  c l e a r l y  i n d i c a t e d  t h a t  t h e  p r o -  
d u c t i o n  w e l l s  shou ld  be l i n e d  w i t h  s l o t t e d  
l i n e r  t o  p r e v e n t  accumula t ion  of r o c k  
d e b r i s  i n  t h e  w e l l .  
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Table 1 Stabilized Characteristics 

Flowing wellhead pressure = 126.35 psia 

Total mass flow rate 295,000 lbs/hour 

Wellhead steam quality = 16.4% 

Enthalpy o f  total fluid = 460 BTU/lb 

Static reservoir pressure = 541 psia 

Static reservoir temperature = 47OOF 

Reservoir steam saturation at static 

of Well LADWP 43-7 

condition = 0% 

Flowing downhole pressure = 225.37 psia 

Flowing downhole temperature = 392°F 

Downhole steam quality = 0.8% 

Productivity Index = 0.012 MW per psi 

L A D W P  Lease Boundary 

Figure 1. Location Map 
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Flgure 2: Well 43-7 Drilling Breaks 
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Figure 3: Downhole Surveys, Well 43-7 
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Figure 5: Drawdown Data Analysis, Well 43-7 
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Figure 6: Calculated Skin Factor, Well 43-7 
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Figure 7: Interference Test Data, Well 66-6 
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Fiaure 8: lniection Data Analysis, Well 88-1 
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Figure 9: Calculated Skin Factor, Well 88-1 
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