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ABSTRACT 

A t h r e e  component model study o f  t h e  
h i s t o r i c a l  i n j e c t i o n  o f  two w e l l s  i n  t h e  U n i t  
13 area demonstrates t h a t  t h e  recovery o f  
i n j e c t i o n  d e r i v e d  steam i s  i n f l uenced  by t h e  
geo log ic  s t r u c t u r e  o f  t h e  bottom o f  t h e  
r e s e r v o i r  and t h e  r e l a t i v e  l o c a t i o n  o f  
i n j e c t i o n  w e l l s .  The m i g r a t i o n  o f  i n j e c t a t e  
f rom t h e  f i r s t  i n j e c t i o n  w e l l ,  l o c a t e d  up 
s t r u c t u r e  f rom t h e  second, quenched t h e  area 
around t h e  second i n j e c t o r  be fo re  i t  s t a r t e d  
opera t i on .  
cumulat ive mass i n j e c t e d ,  n e a r l y  f i v e  t imes 
more i n j e c t i o n  de r i ved  steam i s  recovered 
f rom t h e  f i r s t  i n j e c t o r  than t h e  second. 
S e n s i t i v i t y  runs were made t o  t h r e e  cases o f  
i nc reas ing  m a t r i x  c a p i l l a r y  pressure. The 
recovery o f  i n j e c t i o n  de r i ved  steam increases 
w i t h  h ighe r  values o f  c a p i l l a r i t y .  
i n t e r a c t i o n  o f  s t r u c t u r e  a t  t h e  bottom o f  t h e  
r e s e r v o i r ,  i n j e c t i o n  w e l l  l o c a t i o n s ,  and 
m a t r i x  c a p i l l a r i t y  a l l  i n f l u e n c e  t h e  recovery 
e f f i c i e n c y  o f  i n j e c t a t e  as steam. 
developed i n  t h i s  s tudy w i l l  be used t o  
eva lua te  i n j e c t i o n  s t r a t e g i e s  a t  The Geysers. 

INTRODUCTION 

The recen t  p r o d u c t i v i t y  and pressure d e c l i n e s  
a t  The Geysers are c l a s s i c  symptoms o f  
r e s e r v o i r  f l u i d  resource d e p l e t i o n .  However, 
even i f  a l l  t h e  f l u i d  i n i t i a l l y  i n  p lace  i s  
produced, over  90% o f  t he  usable heat  remains 
i n  p lace .  Thus, t h e  quest ion o f  how t o  
e x t r a c t  more o f  t h e  heat  i n  p lace  a r i ses .  
One answer i s  t o  rep lace  t h e  depleted f l u i d  
w i t h  increased water i n j e c t i o n  thereby 
rep1 en i  sh ing t h e  r e s e r v o i r ’ s  working f l u i d .  

I f  afl expanded i n j e c t i o n  program i s  t o  be 
undertaken i t  i s  impor tan t  t o  understand how 
i n j e c t e d  f l u i d  behaves. We must be ab le  t o  
c o n f i d e n t l y  model and p r e d i c t  t h e  process o f  
i n j e c t i o n ,  re -vapor i za t i on ,  and p roduc t i on  o f  
i n j e c t i o n  de r i ved  steam. A d d i t i o n a l  i n s i g h t  
i n t o  t h i s  process can be gained by s tudy ing  

While bo th  w e l l s  had s i m i l a r  

The 

The model 
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h i s t o r i c a l  i n . j e c t i o n  a t  The Geysers. Water 
i n j e c t i o n  began i n  1969, o r i g i n a l l y  as a 
c o o l i n g  tower waste water d i sposa l  and has 
g r a d u a l l y  evolved t o  an accepted method o f  
rep len ish i ing \Mater i n  depleted p o r t i o n s  o f  
t h e  r e s e r v o i r .  

A reservo l i r  model study o f  t h e  U n i t  13 area 
was conducted w i t h  t h e  o b j e c t i v e s  o f  modeling 
h i s t o r i c a l  in , ject ion and t r a n s p o r t  o f  t h e  
i n j e c t a t e ,  t o  use t h e  deuter ium i s o t o p i c  
s h i f t  as a n a t u r a l l y  o c c u r r i n g  t r a c e r ,  and t o  
understand t h e  importance o f  m a t r i x  c a p i l l a r y  
fo rces  i n  t h e  recovery o f  i n j e c t i o n  d e r i v e d  
steam. The st,udy goal  was t o  determine how 
t o  c o n f i d e n t l y  model i n j e c t i o n  i n t o  a vapor- 
dominated r e s e r v o i r .  

The U n i t  13 study area was chosen f o r  severa l  
reasons. I t  has over  11 years o f  i n j e c t i o n  
h i s t o r y  us ing two i n j e c t i o n  w e l l s  i n  t h e  
study area, e x p l o i t a t i o n  s t a r t e d  a t  
e s s e n t i a l l y  undis turbed cond i t i ons ,  and t h e  
r e s e r v o i r  performance i s  we1 1 represented i n  
t h e  l i t e r a t u r e .  The s tudy area i s  shown i n  
F igu re  1. 

REVIEW OF APPLICABLE LITERATURE 

A rev iew  o f  t h e  geo log ic  l i t e r a t u r e  was 
conducted t o  develop a work ing conceptual 
g e o l o g i c  model. The t o p  o f  t h e  r e s e r v o i r  i s  
represented by t h e  t o p  o f  t h e  steam and t h e  
bottom o f  t h e  r e s e r v o i r  by t h e  t o p  o f  t h e  
f e l s i t e .  It i s  recognized t h e  t o p  o f  f e l s i t e  
i s  n o t  t h e  bottom o f  t h e  r e s e r v o i r  f o r  most 
o f  The Geysers, however severa l  p ieces o f  
evidence suggest t h i s  i s  ii good approx imat ion 
f o r  t h e  U n i t  13 area. Mic:ro-seismic da ta  f o r  
t h e  C-11 i n j e c t i o n  area, rBouth o f  t h e  s tudy 
area i n d i c a t e s  t h e  m a j o r i t y  o f  t h e  l i q u i d  
i n j e c t e d  i n t o  t h e  greywacke does n o t  appear 
t o  m ig ra te  deeply i n t o  t h e  f e l s i t e  (Enedy e t  
a l . ,  1991). Very few w e l l s  i n  t h e  study area 
have p roduc t i ve  steam bear ing  f r a c t u r e s  i n  
t h e  f e l s i t e .  

B e a l l  (1989) noted t h e  steam bear ing  
f r a c t u r e s  i n  t h e  greywacke show no 
p r e f e r e n t i a l  o r i e n t a t i o n .  However, t h e r e  a re  
areas o f  no r th -no r theas t  enhanced 
permeabi l i  t y  due t o  southeast-west nor thwest  
r e g i o n a l  extension, r e s u l t i n g  i n  h igh  angle 
f r a c t u r e s  deep i n  t h e  r e s e r v o i r  and near t h e  
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margins (Beall et a1 . , 1989). Thus, the 
greywacke can be envisioned to be pervasively 
fractured with areas of north-south enhanced 
permeability. Gunderson (1990) noted the 
matrix porosity was related to two factors; 
vertical depth and distance above the 
felsite. The algorithm presented by 
Williamson (1990) is used to implement this 
observation. 

Past reservoir model studies of The Geysers 
have typically consisted of field-wide 
studies with the purpose of predicting 
overall production rates (Wi 11 i amson, 1990) 
or of parametric studies. Parametric 
studies have been performed to examine 
sensitivities to initial matrix water 
saturation and heat flow (Pruess and 
Narasimhan, 1982), the permeability of the 
matrix and fractures, grid refinement with 
depth (Lai and Bodvarsson, 1991), and grid 
orientation (Pruess, 1991). Petrophysical 
properties for the study were selected from 
the above literature. The matrix steam-water 
relative permeability and capillary pressure 
behavior have not been measured and reported 
in the literature to date. 

The initial water saturation in the matrix 
has not been directly measured, however a 
field-wide study by Williamson (1990) used a 
value of 82%. This high initial matrix water 
saturation is consistent with the studies of 
Pruess and Narasimham (1982) and Pruess 
(1985). Observed chemical and isotopic 
gradients of the produced steam in the 
Southeast Geysers are believed to be due to 
meteoric recharge entering the reservoir from 
the southeast (Truesdell et al., 1987). The 
calculated vapor fraction for the Southeast 
Geysers from Truesdell et al. indicated that 
the initial produced steam originated almost 
entirely from vaporized liquid. 

DEUTERIUM TRACER DATA 

Two steam condensate injection wells were 
used in the study area. Injector I1  was the 
sole injection well at the start operations 
in May 1980, injecting at an average rate of 
approximately 350 Klbm/hr through 1984. At 
that time a second injection well (12) was 
used and the total injection volume was 
split. 
well are shown in Figure 2. The injected 
condensate is enriched in deuterium >relative 
to the reservoir steam and has been used as a 
tracer (Beall et a1 ., 1989; Gambil, 1990). 
The operator has conducted a periodic 
analysis of deuterium in the producing steam 
wells to track the movement of injection 
derived steam in the reservoir. This data 
set is used as a tracer for the model study. 
Figure 3 presents an example from Beall et 
al. (1989) of the contoured deuterium 
isotopic shift in the study area. Six key 
production wells were significantly affected 
by the deuterium shift from these two 
injectors and are labeled P1 - P6 in Figure 

The injection histories for the two 

3 .  Injection derived steam was calculated 
using the equation presented by Beall et al. 
(1989). 

MODEL FEATURES 

A reservoir model of the study area was 
developed using TETRAD, a simulator which was 
validated with the Stanford geothermal 
problem set (Shook and Faulder, 1991). The 
dual porosity reservoir model uses three 
water components; 1) initial fluid in place, 
2) injectate from 11, and 3) injectate from 
12. Separate water components for the two 
injection wells allows detailed tracking of 
the injectate and a relative determination of 
the contribution of each injection well to 
produced injection derived steam (IDS). The 
model contains 1650 grid blocks, five 
vertical layers, and decreasing thickness 
with depth. The bottom layer is uniformly 75 
feet thick. The actual well deviated courses 
are used, based on the open file records of 
the California Division of Oil and Gas. 
Fifteen percent of the matrix rock energy was 
assigned to the fracture domain. 
is conservative compared to the thirty 
percent used by Williamson (1990). 
Conceptually, this could be envisioned as 
zones of fractured rock o r  a pervasive micro- 
fracture network. Petrophysical properties 
were taken from the literature and are 
summarized in Table 1. The water-steam 
fracture and matrix relative permeability are 
presented in Figure 4. Initially, no 
capillary pressure was used in the matrix. 

The reservoir structure was accounted for by 
using the top of steam and top of felsite 
maps presented by Thompson and Gunderson 
(1989) and by Thompson (1989). These maps 
were digitized and directly entered into the 

. model. Figure 5 shows north-south and east- 
west cross-sections through the reservoir 
model. A key feature to note is the large 
amount of structural relief on the top and 
bottom of the reservoir model. The reservoir 
top has approximately 5000 feet of vertical 
relief over a distance of 10,000 feet, while 
the reservoir bottom has approximately 3,000 
feet of relief over the same distance. 

The study area boundary conditions were 
initially no-flow, however as the study 
progressed it became necessary to relax this 
condition, as explained below. The 
production and injection wells were placed on 
rate constraint in order to produce the 
historical rates from the study area. The 
production wells were set to produce to a 180 
psia wellhead pressure, uncorrected for 
wellbore friction. Heat flow was set at a 
uniform vertical flux of 500 mW/m2, 
consistent with published data. 

This value 
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MODEL CALIBRATION PROCESS 

The model was a l lowed t o  e q u i l i b r a t e  f o r  20 
years p r i o r  t o  t h e  s t a r t  o f  e x p l o i t a t i o n ,  
a l l o w i n g  steam and water s a t u r a t i o n s  t o  
a d j u s t  t o  a s t a b l e  heat p i p e  and e s t a b l i s h i n g  
a v a p o r - s t a t i c  pressure g rad ien t .  The 
s t a b i l i z e d  model was then r u n  f o r  a l l  
e x p l o i t a t i o n  cases. Completion i n t e r v a l s  o f  
t h e  w e l l s  were adjusted t o  match t h e  observed 
d r i l l i n g  steam e n t r i e s .  
m u l t i p l e  steam e n t r i e s ,  t h e  dominant e n t r y  
was chosen on t h e  bas i s  o f  observed 
compressor pressure increase d u r i n g  d r i l l i n g .  
The w e l l  p r o d u c t i v i t y  i n d i c e s  ( P I )  were 
ad jus ted  t o  a l l o w  t h e  w e l l s  t o  produce t h e  
observed r a t e s  w i t h  t h e  180 p s i a  wellhead 
pressure c o n s t r a i n t .  For those cases w i t h  
i n i t i a l  r i g  t e s t  data, t h e  i n d i c a t e d  P I  was 
used as a s t a r t i n g  p o i n t .  The i n i t i a l  r i g  
t e s t  data was found t o  be very r e l i a b l e  
i n d i c t o r  o f  p r o d u c t i v i t y  index. 

Constant pressure boundaries d e c l i n i n g  w i t h  
t ime  were used on t h e  south and west s ides o f  
t h e  model t o  mimic t h e  e f f e c t  o f  o f f s e t  
p roduc t i on  due t o  U n i t  16, and U n i t s  18 and 
20, r e s p e c t i v e l y .  Pub1 ished pressure 
h i s t o r i e s  f o r  ad jacent  areas were used, 
(Barker  e t  a l . ,  1990 and Enedy e t  a l . ,  1990). 
I t  was observed t h e  i n j e c t e d  f l u i d  would 
q u i c k l y  m ig ra te  t o  t h e  bottom o f  t h e  
r e s e r v o i r  and f l o w  t o  t h e  n o r t h  and then 
"puddle". 
used on t h e  n o r t h  boundary t o  r e l a x  t h e  no- 
f l o w  c o n d i t i o n  and pressures s e t  t o  t h e  
s t a b i l i z e d  p r e - e x p l o i t a t i o n  c o n d i t i o n s .  Th is  
northward f l o w  o f  i n j e c t a t e  i s  n o t  
s u r p r i s i n g ,  cons ide r ing  t h e  l a r g e  amount o f  
s t r u c t u r a l  r e l i e f  present  a t  t h e  bottom o f  
t h e  r e s e r v o i r .  Th i s  s t r u c t u r a l  aspect 
dominates i n j e c t a t e  f l o w  f o r  a l l  cases 
s tud  i ed . 
Several e x p l o i t a t i o n  runs o f  1980 t o  1991 
p roduc t i on  da ta  were made w i t h  a un i fo rm 
permeability structure. Additional data from 
w e l l  t e s t i n g  was used t o  a d j u s t  t h i s  case t o  
a f r a c t u r e  p e r m e a b i l i t y  from 10 mD t o  100 mD, 
g e n e r a l l y  i nc reas ing  t o  t h e  southeast, 
(Enedy, 1989b). Evidence f o r  d i r e c t i o n a l  
p e r m e a b i l i t y  was n o t i c e d  on t h e  i so tope  s h i f t  
maps o f  B e a l l  e t  a1 . , (1989). Based on t h e  
r a t i o  o f  l e n g t h  t o  w id th  o f  t h e  i so tope  s h i f t  
contours, d i r e c t i o n a l  p e r m e a b i l i t y  was s e t  as 
3X=Y=Z and i s  c o n s i s t e n t  w i t h  t h e  geo log ic  
model. With these changes, a reasonable 
pressure match was achieved w i t h  t h i s  base 
case. However, t h e  modeled t r a c e r  d a t a  and 
i m p l i e d  I D S  was low compared t o  h i s t o r i c a l  
cond i t i ons .  

A s e n s i t i v i t y  r u n  was made t o  an i n i t i a l  
m a t r i x  water s a t u r a t i o n  o f  42%. The lower  
i n i t i a l  water s a t u r a t i o n  r e s u l t s  i n  a s i m i l a r  
pressure h i s t o r y  as the  above case; however, 
t h e  producing enthalpy achieves superheat 
w i t h  i n  a few months a f t e r  t h e  s t a r t  o f  
e x p l o i t a t i o n .  Enedy (1989a) i n d i c a t e s  t h e  

I n  t h e  case o f  

A constant  pressure boundary i s  

w e l l s  h i s t o r i c a l l y  d i d  not. begin producing an 
apprec iab le degree o f  superheat u n t i l  a f t e r  
approx imate ly  e i g h t  years o f  product ion.  
Thus, t h e  lower  s a t u r a t i o n  case does match 
t h e  observed p roduc t i on  dalta. Again, f o r  
t h i s  case the  modeled trac:er recovery and 
i m p l i e d  I D S  was low. 

F i n a l l y ,  ii s e r i e s  o f  s e n s i t i v i t y  runs was 
made t o  study t h e  e f f e c t  o f  c a p i l l a r y  
pressure. 
measurements o f  t h e  c a p i l l a r y  pressure have 
n o t  been repo r ted  i n  t h e  l i t e r a t u r e  f o r  The 
Geysers. Thus, a f a m i l y  o f  gener i c  c a p i l l a r y  
pressure curves were generated as shown i n  
F igu re  6. The c a p i l l a r y  pressure a t  r e s i d u a l  
water  s a t u r a t i o n  v a r i e s  by two o rde r  o f  
magnitude. A s c a l i n g  ca1c:ulat ion us ing  t h e  
Leve re t t  ,I f u n c t i o n  and r e a l i s t e i c  values o f  
p e r m e a b i l i t y  and p o r o s i t y  f o r  Geysers 
r e s e r v o i r  m a t r i x  r o c k  i n d i c a t e s  c a p i l l a r i t y  
cou ld  eas.i ly be as h i g h  as. t h e  upper values 
presented,. 

The modeled r e s u l t s  f o r  no c a p i l l a r i t y  (base 
case) and the  th ree  c a p i l l a r i t y  cases a re  
p l o t t e d  w-ith t h e  observed deuter ium t r a c e r  
da ta  f o r  w e l l  P5 i n  F igu re  7. Well P5 i s  t h e  
nearest  producer t o  t h e  i n j e c t i o n  plume and 
i s  probably  l e a s t  e f f e c t e d  by r e s e r v o i r  
heterogenei ty .  As can be noted, t h e  h ighe r  
values b e t t e r  match t h e  observed t rends  and 
magnitude o f  deuter ium t ra .cer  'recovery. 
P5, nearest  t o  i n j e c t i o n  w e l l  I 1  i s  bes t  
matched by the  moderate t a l  s t rong  c a p i l l  a r y  
pressure f u n c t i o n .  F igures 8 and 9 p resen t  
t h e  modeled i n j e c t i o n  d e r i v e d  steam r a t e  
h i s t o r y  f o r  t h e  key p roduc t i on  w e l l s  and t h e  
t o t a l  s tudy area. It can be noted t h a t  w i t h  
i nc reas ing  c a p i l l a r i t y ,  t h e  i n j e c t i o n  d e r i v e d  
steam increases. Th is  suggests t h a t  d e t a i l e d  
i n j e c t i o n  modeling a t  The Geysers must 
i n c l u d e  m a t r i x  c a p i l l a r i t y  t o  accu ra te l y  
p r e d i c t  t he  recovery o f  i n j e c t i o n  d e r i v e d  
steam. 

It should be noted ac tua l  

Well 

DISCUSSION OF RESULTS 

The s i m u l a t i o n  r e s u l t s  demonstrate t h a t  t h e  
recovery o f  i n j e c t i o n  d e r i v e d  steam i s  
p r i m a r i l y  i n f l uenced  by two f a c t o r s .  F i r s t ,  
t h e  s t r u c t u r e . o f  t h e  bottom o f  t h e  r e s e r v o i r  
g r e a t l y  i n f l uences  i n j e c t a t e  movement. Th i s  
i s  apparent by t h e  m i g r a t i o n  o f  t h e  i n j e c t a t e  
down t h e  s t r u c t u r e .  I t  should be noted t h a t  
I 2  i s  l o c a t e d  lower  s t r u c t u r a l l y  from 11. 
When I 2  began i n j e c t i o n  operat ions,  i n j e c t a t e  
f rom I 1  had a l ready  moved down s t r u c t u r e ,  
quenching t h i s  area. Th is  r e s u l t e d  i n  l ow  
i n j e c t i o n  d e r i v e d  steam recovery f rom I 2  
r e l a t i v e  t o  11. Secondly, t h e  presence o f  
c a p i l l a r i t y  increases t h e  recovery o f  
i n j e c t i o n  d e r i v e d  steam f o r  both w e l l s .  
Table 2 presents  t h e  percent  recovery o f  
i n j e c t i o n  d e r i v e d  steam from each i n j e c t i o n  
w e l l .  While each i n j e c t i o n  w e l l  has s i m i l a r  
cumulat ive mass i n j e c t e d ,  n e a r l y  5 t imes more 
i n j e c t i o n  de r i ved  steam i s  recovered f rom I 1  
compared t o  12, w i t h  i n j e c t i o n  d e r i v e d  steam 
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recovery increasing with capillarity. The 
interaction between structure at the bottom 
of the reservoir, injection well location, 
and capillarity all influence the recovery of 
injection derived steam. Given the geologic 
structure of the bottom of the reservoir and 
the ability to select injection well 
locations, it should be possible to design 
and model an effective injection program. 

The model developed in this study will be 
used to evaluate injection strategies at The 
Geysers. Several strategies that will be 
evaluated include injectate recovery 
sensitivity to injection rate, a more 
distributed injection approach, the injectate 
recovery efficiency of a horizontal injection 
well, and the selection of injection well 
locations to allow for reservoir structure. 

CONCLUSIONS 

The recovery of injection derived steam in 
the Unit 13 study area has had mixed results. 
The location of injection well I2 was less 
than optimally located to maximize the 
injectate recovery. The strong capillarity 
case had a total recovery of approximately 
30% of cumulative mass injected. 

The structure of the bottom of the reservoir 
can exert a great deal of influence of the 
direction the injectate travels. It would 
seem prudent to locate injection wells with 
this structural aspect in mind. 

Modeled injection derived steam recovery is 
greatly influenced by matrix capillary 
pressure. Higher values o f  capillarity 
result in increased recovery of injection 
derived steam. Predictive injection modeling 
at The Geysers will need to consider 
capillary pressure effects. 

The interaction between structure at the 
bottom of the reservoir, well locations, and 
capillarity all influence the recovery of 
injection derived steam. 

The measurement of Geysers core and the 
determination of the actual shape of the 
capi 11 ary pressure curve would enhance our 
ability to model and predict reservoir 
response to injection at The Geysers. 
is a need to measure the capillary pressure 
of actual Geysers core to determine the 
character and magnitude of this effect. 
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NOMENCLATURE 

kr, 

kr, 

pc  = capillary pressure 

PC 
Pentry = capillary entry pressure 

S = dimensionless liquid saturation 

= critical gas saturation 

S i r  = irreducible liquid saturation 

s, = liquid saturation 

= relative permeability of gas 

= relative permeability of liquid 

= capillary pressure curve parameter 

S!F 
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Petrophys ica l  P r o p e r t i e s  

Poros i t y  
m a t r i x  4.6% - 2.96% decreasing w i t h  depth 
f r a c t u r e  2.0% - 1.45% decreasing w i t h  depth 

m a t r i x  10 m ic ro  Darcy un i fo rm 
f r a c t u r e  10 t o  100 mD v a r y i n g  

150 f e e t  

Permeabi 1 i t y  

F rac tu re  Spacing 

R e l a t i v e  Permeabilitv 
m a t r i x  Corey type, w i t h  S i r  = 30%, Sgc = 5% 

2.5 s=[- !’, - sir j krg = ( I  -SI 4 k,  = (SI 
1 - si, - sgc 

f r a c t u r e  s t r a i g h t  l i n e  X curves., no r e s i d u a l  s a t u r a t i o n s  

krl = $1 k ,  = [l - Sl] 

I n i t i a l  Water Sa tu ra t i ons  
m a t r i x  Sw=82% 
f r a c t u r e  Sw=.O4% 

Capi 11 a r y  Pressure 
m a t r i x  

Heat F1 ow 
500 mW/m2 t o p  and bottom o f  model 

d e n s i t y  170 lbm/ f t3  
s p e c i f i c  heat .21 BTU/lbm - F 
thermal c o n d u c t i v i t y  33.3 BTU/ft- F-diay 

P c = P c ( l  -SI 2 t Pedv 

Rock Thermal P roper t i es  
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Study area 

Figure 2 Historical Injection Rates for I 1  and I2 

Study area - 

Figure 3 Deuterium Isotopic Shift for Study AV 
Beall, Enedy, and Box, 1989. 

-ea, modified from 
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Fracture Relative Permeability 
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Figure 4 Fracture and Matrix Relative Permeability Curves 
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Figure 5 Select Cross-Sections o f  the Model 
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Figure 6 Matrix Capillary Pressure 
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Figure 7 Injection Derived Steam Results for Well P5 
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Figure 9 Study Area Modeled Injection Derived Steam 
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Table 2 

Recovery o f  Injection Derived Stem 

Cumulative Injection into I1 1.75Et7 Klbm 
Cumulative Injection into I2 1.18Et7 Klbm 

Key Wells 

Case % Recovery from I1 

Base 7.1 
Weak Capillarity 8.5 
Moderate Capillarity 9.5 
Strong Capillarity 13.2 

Total Study Area 

Case % Recovery from I1 

Base 14.5 
Weak Capillarity 16.7 
Moderate Capillarity 18.3 
Strong Capillarity 24.1 
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% Recovery from 12 

1.9 
1.7 
1.9 
3.0 

% Reccivery from I:2 
3.3 
3.1 
3.3 
5.0 




