
1 1 .  Dykstr:i* and R .  1 1 .  AJ;ims** 

I STllODUCT I OS 

Flow tes ts  and p r e s s u r c  measurcmcnts were made on a grolip of  f i v e  w e l l s  
i n  t h e  Slomotombo gcothcrmal  r c s e r v o i r ,  S i c a r a g u a .  The pul-posc o f  thcsc t c s t s  
was t o  e v a l u a t e  the h o t  water r e s e n ’ o i r ,  t o  d e t e r m i n e  we l l  i n t e r f e r e n c e  e f f e c t s ,  
t o  d e t e r m i n e  r e s e r v o i r  boundary c o n d i t i o n s  and t o  o b t a i n  mass flow rates  and 
e n t h a l p y .  

S t a t i c  bottom h o l e  p r e s s u r e s  were measurcd on t h r e e  w e l l s  m J  bottom h o l e  
f lowing  p r e s s u r e s  rind s h u t - i n  
wells. A f lewlet t -Packard quart; :  c r y s t a l  p r e s s u r e  gauge was used i n  connect  ion  
w i t h  3 S p e r r y  Sun expandable  chamber hung on s teel  c r i p i l l a r y  tubi: ig t o  measurc 
downhole p r e s s u r e .  

b u i l d u p  p r e s s u r e s  kccrc measured on one o f  thc 

Flow t e s t s  were made on a l l  f i v e  wells. Four w e l l s  were flowed th rough  
a h o r i z o n t i 1  d i s c h a r g e  p i p e .  
p i p e .  

One well was f lowc3 th rough  ;i v e r t i c a l  d i s c h a r g e  

GEOLOGY . 

The dominant f e a t u r e  i n  t h e  area i s  t h e  dormant v o l c a n o ,  Klomotombo. I t  
i s  t h e  h e a t  s o u r c e  f o r  t h e  geothermal  sys t em.  The a q u i f e r  f o r  t h e  system i s  
unknown b u t  is  p r o b a b l y  deep  s e a t e d  and l a r g e .  

The d e e p e s t  p e n e t r a t i o n  i n  t h e  f i e l d  h a s  been t o  7 , 3 8 3  fee t .  A t  t o t a l  

The a r e s  
d e p t h ,  t h e  f o r m a t i o n s  c o n t i n u e d  t o  be o l d e r  p y r o c l a s t i c s .  A n d e s i t i c - b a s a l t i c  
p y r o c l a s t i c  d e p o s i t s  and lavas p redomina te  th roughou t  t h e  column. 
o f  geothermal  development i s  p a r t  of  a much o l d e r  v o l c a n i c  s t r u c t u r e .  
s o u t h  c r o s s  s e c t i o n  th rough  t h e  f i e l d  shows c o r r e l a t i v e  f o r m a t i o n s  which a r e  
r e l a t i v e l y  f l a t  w i t h  minor d i p p i n g  t h a t  i n c r e a s e s  w i t h  d e p t h  t o  t h e  n o r t h  
toward t h e  c e n t e r  o f  t h e  vo lcano .  

The o c c u r r e n c e  o f  geothermal  f l u i d s  i s  n o t  a s s o c i a t e d  w i t h  a s t r u c t u r e  
o f  c l o s u r e .  S e e  F i g u r e  1. The c o n d u i t s  c o n t a i n i n g  geothermal  f l u i d s  a re  a 
s e r i e s  o f  northwest/southeast-trending f a u l t s  which connec t  t h e  developed 3ren 
t o  t h e  a q u i f e r .  
o r  f a u l t e d  zone. The o c c u r r e n c e  o f  a f a u l t  c o n d u i t  i s  g e n e r a l l y  i n d i c a t e d  
d u r i n g  d r i l l i n g  by a p a r t i a l  o r  t o t a l  loss o f  d r i l l i n g  f l u i d .  
comple t ion  of  t h e  well, t h e s e  f a u l t e d  s e c t i o n s  can be  r ecogn ized  by 3narnalies 
of h i g h - t e m p e r a t u r e .  

.I\ n o r t h -  

These f a u l t s  a re  b e l i e v e d  t o  b e  numerous and t o  form a band, 

Subsequent  t o  

Fol lowing t h e  development o f  t h e  f i e l d ,  i n t e r f e r e n c e  t e s t s  here inad, whish 
s u g g e s t e d  some i n t e r f e r e n c e  between c e r t a i n  wel l s ,  l i t t l e  i n t e r f e r e n c e  betrieeri 
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o t h e r  wel ls ,  and no i n t e r f e r e n c e  between o t h e r  w e l l s .  T h i s  s u g g e s t s  a se r ies  
of f a u l t  p l a n e s ,  o r  c o n d u i t s ,  wi th  p r e s s u r e  and f l u i d  connec t ion  i n  some 
i n s t a n c e s  and no c o n n e c t i o n  i n  o t h e r s .  I t  i s  b e l i e v e d  t h a t  a l l  f l u i d s  come 
from t h e  same a q u i f e r  bu t  t r a v e l  by d i f f e r c n t  p a t h s .  Bccausc o f  t h i s  common 
o r i g i n ,  t h e  r e s e r v o i r  a p p e a r s  t o  have a c o m o n  v a p o r - f l u i d  i n t e r f a c e ,  o r  f l a s h  
p o i n t ,  recognized  i n  MI'-3 and blT-12 a s  be ing  in  t h e  i n t e r v a l  twtriecn 748 fee t  
and 796 feet  subsea .  

The e f fec ts  o f  r a i n f a l l  on bot tom-hole  p r e s s u r e s  a r e  a l s o  p e r t i n e n t  t o  
t h e  geology o f  t h i s  area. T h i s  phenomenon was apparent  fo l lowing  r a i n f a l l  
from J u n e  1 through J u n e  3 ,  1977, and s u g g e s t s  an "open" r e s e r v o i r  wi thout  
s t r u c t u r a l  c l o s u r e .  The c l o s u r e  f o r  t h e  system becomes t h e  c o o l e d ,  h y d r o s t a t i c -  
f l u i d  column a t  d i s t a n c e  from t h e  h e a t  mass. 

STATIC PRESSURES 

S t a t i c  bot tom-hole  p r e s s u r e s  f o r  MT-2 and MT-3 a r e  shown i n  F i g u r e s  2 
and 3 r e s p e c t i v e l y .  As can  b e  seen  t h e  p r e s s u r e s  show Cons iderable  f l u c t u -  
a t i o n  w i t h i n  any 24 hour  p e r i o d  as well a s  from day t o  day w i t h  blT-2 showing 
c o n s i d e r a b l y  g r e a t e r  f l u c t u a t i o n  t h a n  KIT-3. 

The r e a s o n  f o r  t h e  d i f f e r e n c e  i n  behavior  i s  t h a t  t h e  w e l l b o r e  o f  bff-2 
i s  f i l l e d  w i t h  l i q u i d  t o  t h e  s u r f a c e  whereas t h e  w e l l b o r e  o f  MT-3 c o n t a i n s  
steam t o  a d e p t h  t h a t  i s  below t h e  p r e s s u r e  s e n s i n g  d e v i c e .  
c o n s i d e r e d  a "hard" well;  t h a t  i s ,  t h e  f l u i d  i n  t h e  w e l l b o r e  h a s  a low 
c o m p r e s s i b i l i t y  so t h a t  p r e s s u r e  p u l s e s  can be t r a n s m i t t e d  i n t o  t h e  wel lbore  
w i t h  a n e g l i g i b l e  q u a n t i t y  of  f l u i d  moving i n t o  t h e  w e l l b o r e .  
hand, MT-3 can b e  c o n s i d e r e d  a " s o f t "  well; t h a t  i s ,  t h e  f l u i d  i n  t h e  w e l l b o r e  
h a s  a h i g h  c o m p r e s s i b i l i t y  so  t h a t  a c o n s i d e r a b l e  amount o f  f l u i d  would have 
t o  move i n t o  t h e  w e l l b o r e  i n  o r d e r  t o  i n c r e a s e  t h e  p r e s s u r e .  I n  e f f ec t ,  t h e  
steam i n  t h e  w e l l b o r e  acts  t o  dampen r a p i d  p r e s s u r e  changes.  

Thus MT-2 can be 

On t h e  o t h e r  

I n  o r d e r  t o  g e t  a b e t t e r  p i c t u r e  o f  p r e s s u r e  v e r s u s  time, a d a i l y  average  
p r e s s u r e  and i t s  s t a n d a r d  d e v i a t i o n  were c a l c u l a t e d  f o r  48 v a l u e s  a t  o n e - h a l f  
hour  i n t e r v a l s .  A p l o t  o f  t h e  d a i l y  a v e r a g e  p r e s s u r e  f o r  MT-2, MT-3, and MT-9 
p r i o r  t o  t h e  t i m e  t h e y  were p u t  on p r o d u c t i o n  i s  shown i n  F i g u r e  1. The 
s t a n d a r d  d e v i a t i o n  range  i s  p l o t t e d  as a v e r t i c a l  l i n e .  Here t h e  v a r i a t i o n  i n  
s t a n d a r d  d e v i a t i o n  can  b e  r e a d i l y  s e e n .  

The d a t e s  t h a t  VI'-9, MT-12, and MT-17 were opened i s  a l s o  shown. The 
p r e s s u r e  t r e n d  on MT-3 does n o t  i n d i c a t e  a n  i n t e r f e r e n c e  e f f e c t .  
a t i o n s  i n  p r e s s u r e  on MT-2 are such  t h a t  an  i n t e r f e r e n c e  e-ffect cannot  b e  
de te rmined .  The d i s t a n c e  between MT-2 and i t s  ' n e a r e s t  p roducer ,  !4T-12, i s  
610 fee t .  The d i s t a n c e  between MT-3 and i t s  n e a r e s t  p roducer ,  blT-9, i s  1040 f e e t .  

The f l u c t u -  

-i _.. 
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WE I,L FLOW CI1ARACTER I ST I CS 

For the four wells that were flowed through horizontal discharge pipes, 
wellhead pressures, upstream and downstream orifice pressures, and lip 
pressures were measured. For the well that flowed through a vertical discharge 
pipe only, wellhead and lip pressures were measured. ‘The method of  James (1962, 
1965) was used to calculate flow rates. 

Flow characteristics of MT-2 are shown in Figure 5. The well required a 
little less than two weeks to stabilize after which wellhead pressure, mass 
flow rate, and enthalpy remained essentially constant within the accuracy of 
the data. The wellhead pressure stabilized at 142 psi and the mass flow rate 
at 520 kph. The enthalpy stabilized at an average of 545 Btu/lb. This enthalpy 
is greater than that of water at a maximum temperature in this well and indicates 
flow of steam from the steam cap into the wellbore. 

The flow tests on the five wells indicate that from one to four weeks are 
required for the wells to stabilize. The stabilized rate averaged about one- 
half of the maximum flow rate exhibited in the first few hours of production. 
For MT-2, for example, the stabilized rate was almost exactly one-half the rate 
calculated from the data obtained shortly after the well was opened. 

The time that MT-9 was shut i n  i s  also shown i n  F i g u r e  5 .  Here, no e f f e c t  
can be seen on the wellhead pressure, for example, again indicating no inter- 
ference between MT-2 and MT-9. 

DRAWDOWN AND BUILDUP ON blT-9 

The drawdown behavior of MT-9 is shown in Figure 6 .  For the first 3 days, 
or until MT-12 was placed on production, the pressure, except for the variations 
within a 24-hour period, decreased linearly with the logarithm of time. After 
MT-17 was placed on production, the pressure decreased linearly with time at a 
rate of one psi per day for the next 23 days, at which time the well was shut-in. 
This constant rate of pressure decrease seems to suggest that pseudo steady state 
behavior had been reached by this well and it is producing from a limited source. 
As will be shown later this conclusion is at variance with the conclusion based 
on other data that the blomotombo reservoir is a large resource. 

The pressure buildup on MT-9 is shown in Figure 7. The initial rise in 
pressure was very rapid, increasing from 423 psi to 480 psi in 30 minutes. 
Thereafter, the pressure rose much more slowly, showing an average daily increase 
of about one psi per day for five days. 
the pressure increased about two psi per day to an average of 498 psi on 28 July, 
the last full day of pressure measurements. Pressures measured the last day of 
the test program fell in the pressure range that existed prior to the start of  
production as shown in Figure 7 .  It appears highly likely that the average daily 
pressure would reach the 510 to 511 psi that existed prior to the start of the 
flow test on MT-9. 

After MT-2, blT-12 and 41T-17 were shut-in, 

This would then indicate essentially complete recharge. 
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Wellhead p r e s s u r e s  were a l s o  measured on W-3 d u r i n g  16 d ~ y s  of  p r o d u c t i o n  
and d u r i n g  t h e  subsequen t  s h u t - i n .  A t  t h e  end of  the t e s t  period, the wel lhead 
p r e s s u r e  had b u i l t  up  t o  e s s e n t i a l l y  t h e  same v a l u e  t h a t  e x i s t e d  p r i o r  t o  t h e  
s t a r t  o f  p r o d u c t i o n ,  a g a i n  i n d i c a t i n g  e s s e n t i a l l y  complete  rechdr-ge. 

I n  t h e  d i s c u s s i o n  o f  t h e  drawdown o f  blT-9, i t  w a s  mentioned t h a t  t h e  l inccir  
d e c l i n e  i n  p r e s s u r e  seemed t o  i n d i c a t e  pseudo s t e a d y  s t a t e .  A more l i k e l y  
e x p l a n a t i o n  i n  t h e  l i g h t  o f  d a t a  showing almost  complcte  r e c h a r g e  is  t h a t  t h c  
p r o d u c t i o n  ra te  o f  MT-9 exceeded t h e  a b i l i t y  o f  t h e  system t o  s u p p l y  f l u i d  t o  
MT-9. I f  so ,  t h e n  a lower r a t e  o r  a l o n g e r  time should r e s u l t  i n  t h e  f lowing  
p r e s s u r e  of  SIT-9 l e v e l i n g  o f f  a t  a p r e s s u r e  c o n s i s t e n t  w i t h  t h e  a b i l i t y  of  t h e  
system t o  s u p p l y  f l u i d .  
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