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INTERCOMP Resource Development and Engineering i s  c u r r e n t l y  working 
on con t rac t  t o  TRW Systems and t h e  Bureau o f  Reclamation t o  p rov ide  pe t ro -  
phys ica l  and r e s e r v o i r  engineer ing ana l ys i s  o f  t he  East Mesa geothermal 
f i e l d .  The twelve-month p r o j e c t  was d i v i d e d  i n t o  t h ree  phases which 
c o n s i s t  o f :  

1 .  Ana lys is  o f  c u r r e n t  data and r e s e r v o i r  eva lua t ion .  

2. Design and execut ion o f  a long term f l o w  t e s t  program. 

3 .  Analys is  o f  r e s u l t s  and design o f  f u l l  sca le  r e s e r v o i r  development. 

The f i r s t  phase o f  the  p r o j e c t  i s  underway and p o r t i o n s  o f  the work have been 
completed. 

There a r e  c u r r e n t l y  f i v e  w e l l s  d r i l l e d  i n  t h e  p o r t i o n  o f  the  KGRA 
operated by the  Bureau o f  Reclamation: 5-1, 6-1, 6-2, 8-1, 31- 1.  Each o f  
these wells has a complete se t  o f  geophysical logs run  and a SARABAND ana l ys i s  
by Schlumberger i s  a v a i l a b l e  on a 1 f t .  increment. I n  a d d i t i o n ,  core ana l ys i s  
was obta ined from the  5-1 w e l l  i n  s u f f i c i e n t  q u a n t i t y  t o  develop p re l im ina ry  
pe t rophys ica l  t ransforms. Using the  transforms developed i n  5-1, INTERCOMP 
has performed a pe t rophys ica l  ana l ys i s  o f  the o the r  w e l l s  t o  determine aver- 
age r e s e r v o i r  p r o p e r t i e s  over 250 f t .  i n t e r v a l s .  
mined $, h, kv and kh averages f o r  each i n t e r v a l .  
no geo log ic  c o r r e l a t i o n  es tab l i shed  between any o f  t he  w e l l s ,  so t h a t  p roper ty  
averaging by i n d i v i d u a l  sand groups would no t  be meaningful .  

I n  p a r t i c u l a r ,  we de ter-  
To da te  there  has been 

This  data w i l l  be used by TRW Systems t o  develop a geo log ic  i n t e r -  
p r e t a t i o n  o f  a r e a l l y  d i s t r i b u t e d  r e s e r v o i r  p rope r t i es .  
then be used t o  compute the  heat and mass i n  p lace  w i t h i n  a se lected area l  
contour f o r  each i n t e r v a l .  Th is  w i l l  o n l y  g i v e  a r e f i n e d  est imate of the  
magnitude o f  t he  resource w i t h i n  the  KGRA s ince  ac tua l  data c o n t r o l  i s  
l i m i t e d  t o  t h e  reg ion  near the  we l l s .  
n o t  had deep w e l l s  d r i l l e d  t o  date. 

These p rope r t i es  w i l l  

A subs tan t i a l  p o r t i o n  o f  the  KGRA has 

A l l  o f  the  f l o w  t e s t  data taken t o  da te  i s  a l s o  being analyzed. 
INTERCOMP's 3- D Geothermal Wel lbore-Reservoir  model i s  being used t o  estab 
l i s h  the  e f f e c t i v e  f l o w  p r o p e r t i e s  o f  the  system surrounding each w e l l .  
Drawdown and/or bu i l dup  data i s  a v a i l a b l e  on each w e l l  and shows t h a t  the 
r e s e r v o i r  exhbi t s  complex f l o w  behavior.  
i t i e s  t h a t  the  f l o w  can be represented as a dual p o r o s i t y ,  f rac tu red ,  o r  
damaged system. 

We a r e  i n v e s t i g a t i n g  the poss ib i  

A 2-D model o f  the r e s e r v o i r  has also been developed us ing  a 1000 ft. 
g r i d  w i t h i n  t he  c u r r e n t  d r i l l e d  area. Using est imated p rope r t i es ,  a sensi-  
t i v i t y  ana l ys i s  i s  being performed i n  o rder  t o  design an e f f e c t i v e  in te r fe rence 
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t e s t  f o r  the  r e s e r v o i r .  We p lan  t o  develop a t e s t i n g  program t h a t  can be 
f e a s i b l y  executed by the Bureau of Reclamation and t h a t  w i l l  y i e l d  s u f f i c i e n t  
data t o  determine e f f e c t i v e  r e s e r v o i r  performance c h a r a c t e r i s t i c s  between 
we l l s .  

F ig.  1 shows a schematic o f  the KGRA w i t h  the  heat f l u x  contours and 

The p l o t  
t e s t  g r i d .  F ig.  2 shows a sample pressure map a f t e r  45 days o f  p roduc t ion  
from 6-1 a t  600,000 l b / h r  and r e i n j e c t i n g  a t  t he  same r a t e  i n  5- 1. 
sca le  runs from 2400 t o  2800 ps ia  over the  p l o t  symbol range 0 through 10. 
I n  t h i s  case an a q u i f e r  o f  i n f i n i t e  ex ten t  has been attached t o  a l l  edges 
o f  the g r i d .  By vary ing  ra tes ,  l oca t i ons ,  and r e s e r v o i r  p r o p e r t i e s  the 
s e n s i t i v i t y  of  r e s e r v o i r  t o  d i f f e r e n t  t e s t i n g  p lans can be determined. 

The r e s e r v o i r  model w i l l  be c a l i b r a t e d  t o  match the  in te r fe rence 
t e s t  data obta ined from the f i e l d  and an engineer ing design w i l l  be performed 
i n  the  l a s t  phase o f  t h i s  p r o j e c t .  I n  p a r t i c u l a r  we w i l l  develop est imates 
f o r  1 )  resource l i f e t i m e ,  2) we l l  design and spacing, and 3 )  i n j e c t i o n  pumping 
requirements i n  accordance w i t h  opera t ing  c h a r a c t e r i s t i c s  and demands of sur-  
face f a c i l i t i e s .  TRW and INTERCOMP w i l l  be working w i t h  the  Bureau of 
Reclamation t o  develop the opera t ing  p lans on which each o f  these est imates 
w i l l  be based. 

Reservoir  L i f e t i m e  Est imate 

The d e f i n i t i o n  o f  ” rese rvo i r  l i f e t i m e ”  i s  open t o  i n t e r p r e t a t i o n .  
However, the bas ic  c r i t e r i a  used i n  t h i s  study w i l l  be a minimum a l lowab le  
f lowing wel lhead temperature of 30OOF. 
i n  which the w e l l s  a re  produced by: 

We w i l l  consider two basic  cases 

1 .  

2. Free f l o w  i n  which the f l u i d  w i l l  -Flash a t  some p o i n t  i n  the  

Submersible pumps which main ta in  single-phase f l o w  i n  the wells. 

wel lbore.  Two-phase f l o w  i n  the we l lbore  w i l l  be accounted 
f o r  above the  f l a s h  p o i n t .  

The ca l  i b ra ted  reservoir-we1 l bo re  model w i l l  be used t o  p r e d i c t  the 1 i f e t  
under the  f o l l o w i n g  d e l i v e r y  schedules: 

1 .  To ta l  f l o w  o f  10,000 lbm/min 
2. To ta l  f l o w  o f  100,000 lbm/min 
3. Tota l  f low o f  1,000,000 lbm/min 

There w i l l  be d i f f e r e n t  l i f e t i m e  est imates f o r  each o f  these cases depend 
upon the  spacing o f  p roduc t ion  we l l s  and l o c a t i o n  o f  r e i n j e c t i o n  we l l s .  

Well Design and Spacing 

From a r e s e r v o i r  engineer ing s tandpoint  w i t h  water r e i n j e c t i o n  a t  
the  edge of the thermal area, t h i s  process i s  charac te r ized  as a “ u n i t  mob i l -  
i t y  water f lood.”  Under ideal  cond i t ions ,  the f i r s t  cool  water breakthrough 
w i l l  occur a f t e r  roughly 708 o f  the o r i g i n a l  water i s  produced. A f t e r  t h i s  
Po in t ,  surface temperatures w i l l  g radua l l y  dec l i ne  u n t i l  the 3 0 O O F  l i m i t  i s  
reached. 
wells a n d  there fo re  the t o t a l  volume swept. 

The t o t a l  energy recovery depends upon the location of  r e i n l e c t i o n  
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Maximizing energy recovery would a t  f i r s t  appear t o  d i c t a t e  r e i n j e c-  
t i o n  as f a r  f rom the  thermal area as poss ib le  i n  o rder  t o  sweep maximum 
water volume. However, the  h i s t o r y  match pe rmeab i l i t y  d i s t r i b u t i o n  w i l l  
d i c t a t e  the a l l owab le  d i s tance  from the producing area i n  o rder  t o  ma in ta in  
pressure. Without adequate water recharge, t he  r e s e r v o i r  l i f e t i m e  w i l l  be 
very  s h o r t  and d i c t a t e d  solely by r e s e r v o i r  pressure. 

S i m i l a r l y ,  d r i l l i n g  w e l l s  d i r e c t i o n a l l y  from a s i n g l e  l o c a t i o n  for 
produc t ion  would appear t o  min imize heat losses i n  t he  system. However, t h i s  
u s u a l l y  r e s u l t s  i n  a reduced w e l l  spacing. Under these cond i t ions ,  t he  inner  
w e l l s  cou ld  i n t e r f e r e  severe ly  w i t h  the  ou te r  producing w e l l s  and there fo re  
would be "starved." Again, the  h i s t o r y  match w i l l  determine the minimum 
a l l owab le  spacing f o r  each o f  the  proposed produc t ion  schedules cons ider ing  
the  environmental  d e s i r a b i l i t y  d r i l l i n g .  The numerical model w i l l  be used 
i n  a t r i a l  and e r r o r  fash ion  t o  e s t a b l i s h  t h i s  spacing. 

I n j e c t i o n  Well Pumping Requirements 

For l a r g e  sca le  developments the produced water must be r e i n j e c t e d  
i n t o  the  producing zones i n  o rder  t o  ma in ta in  r e s e r v o i r  pressure. This  
process, i f  designed p rope r l y ,  w i l l  a l s o  min imize any poss ib le  subsidence. 
The p r o d u c t i o n- i n j e c t i o n  ope ra t i on  w i l l  se t  up a pressure g rad ien t  through 
the  r e s e r v o i r  which w i l l  cause some subsidence w i t h i n  t he  producing area. 
I f  a l l  o f  the produced water i s  recharged by r e i n j e c t i o n  the  subsidence w i l l  
be l o c a l i z e d  and small i n  magnitude. 

The i n j e c t i o n  pumping requirements a re  s t r i c t l y  a f u n c t i o n  o f  the  
opera t ing  p lans under cons idera t ion .  
which must be considered i n  o rder  t o  eva lua te  the  pumping requirements: 

For each p lan  the re  a re  th ree  parameters 

1 .  Loca t ion  o f  r e i n j e c t i o n  we l l s ,  
2 .  Volumes r e i n j e c t e d  per  w e l l ,  
3. P r o d u c t i v i t y  index ( P I )  of  each w e l l .  

The volume t h a t  must be r e i n j e c t e d  i s  dependent upon the  opera t ing  p lan.  
The l o c a t i o n  o f  r e i n j e c t i o n  w e l l s  w i l l  be based upon the  h i s t o r y  match as 
discussed above. The p r o d u c t i v i t y  index can be est imated based on permeabil-  
i t y ,  p o r o s i t y  and th ickness a t  each p a r t i c u l a r  r e i n j e c t i o n  l oca t i on .  

I n  a d d i t i o n  t o  the  above work a t  East Mesa, we a r e  working w i t h  
Republ ic Geothermal on t h e i r  w e l l s  i n  the  n o r t h  end of  the KGRA. We a re  
a s s i s t i n g  them i n  the eva lua t i on  o f  t e s t  r e s u l t s  and the  design o f  a t e s t -  
ing  program f o r  the  no r the rn  end. The r e s u l t s  o f  t h i s  work a r e  c o n f i d e n t i a l  
and cannot be presented a t  t h i s  t ime. 

GEOPRESSURED SYSTEMS 

INTERCOMP i s  a c t i v e l y  engaged i n  f e a s i b i l i t y  and geo log ic  s tud ies  o f  
geopressured geothermal systems. These systems con ta in  subs tan t i a l  amounts 
o f  d isso lved  n a t u r a l  gas i n  a d d i t i o n  t o  thermal energy. 
as much as 60 scf /Bbl  o f  n a t u r a l  gas may be d isso lved  i n  these aqu i fe rs .  
resource i s  genera l l y  loca ted  a long the  Texas-Louisiana Gulf Coast a t  depths 
o f  12,000 t o  15,000 f e e t .  

F ig .  3 shows t h a t  
The 
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The development of this resource is dependent on many factors, but 
the three most important are: 

1 .  
2 .  Are the aquifers prolific enough? 
3 .  

I s  the fluid economically accessible? 

I s  the fluid technologically accessible? 

We are currently conducting prospect evaluation and site selection 
studies 
questions. However, details of this work are confidential at this time. 

in order to develop pilot projects that will help answer these 

NUMERICAL MODELING 

INTERCOMP has developed numerical models that are used in the engin- 
eering evaluation of geothermal systems. 
calculation. 
and two-phase flow in porous media with the wellbore model coupled in at 
the sand face. 

One model i s  a two-phase wellbore 
A second model consists of  a 3-D reservoir model for single 

Details on the first model have been published by Gould, "Vertical 
Two-Phase Steam-Water Flow in Geothermal Wells,'l JPT (Aug. 1974). Details 
on the second model were presented by Coats et a l . ,  "Three-Dimensional 
Simulation of Steamflooding," SPE 4500 (October, 1973). 
engaged in upgrading the flexibilities and engineering features of these 
models in order to meet current design requirements. 

- 
-- 

We are currently - 
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F i g u r e  1 
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LABORATORY MEASUREMENT OF 98.7% 
METHANE GAS SOLUTION IN DISTILLED WATER 
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