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ABSTP.ACT . 
T r a n s i e n t  p r e s s u r e  a n a l y s i s  methods were 
a p p l i e d  t o  a n a l y z e  t h e  r e s u l t s  o f  i n j e c -  
t i o n  t e s t s  c a r r i e d  o u t  i n  a r e c e n t l y  com- 
p l e t e d  geothermal  w e l l  i n  Los Azuf re s  
Geothermal f i e l d  i n  Mexico. P o t e n t i a l  u s e  
o f  t h o s e  methods (employing i n j e c t i o n ,  two 
r a t e  i n j e c t i o n  and f a l l  o f f  t e s t s )  i s  
i l u s t r a t e d  i n  o b t a i n i n g  impor t an t  w e l l  and 
r e s e r v o i r  pa rame te r s  a t  t h e  w e l l  comple t ion  
s t a g e  and i n  p r e d i c t i n g  f u t u r e  w e l l  p e r f o r  
mance. A l s o ,  based on  t h e  e x p e r i e n c e  
o b t a i n e d  w i t h  t h i s  wel l  and o t h e r  s i m i l a r  
w e l l s ,  s u g g e s t i o n s  a r e  made on t h e  t y p e  
o f  a n a l y s i s  which i s  most a p p l i c a b l e .  

INTRODUCTION.  

I n j e c t i o n  t e s t s  a r e  c a r r i e d  o u t  as a p a r t  
o f  comple t ion  p rocedures  o f  geothermal  
wclls i n  t h e  Los Azuf re s  Geothermal F i e l d ,  
Michoacan,Uexico. The main p u r p s s e  o f  t h e s e  
t e s t s  i s  t o  o b t a i n  e a r l y  i n f o r m a t i o n  abou t  
t h e  w e l l  and r e s e r v o i r  pa rame te r s  i n  o r d e r  
t o  p r e d i c t  f u t u r e  wel l  performance.  I n j e c -  
t i o n  t e s t s  a r e  c o n s i d e r e d  e s p e c i a l l y  u s e -  
f u l  t o  ach ieve  t h i s  o b j e c t i v e ,  a s  t h e  p rob-  
lems a s s o c i a t e d  w i t h  two phase f low c o n d i -  
t i o n s  observed d u r i n g  draw-down and h u i l d -  
UP t e s t s  a r e  avo ided ,  making t h e  e v e n t u a l  
a n a l y s i s  s i m p l e r .  

Moreover, i n j e c t i o n  t e s t s  a r e  e a s i e r  t o  
c a r r y  o u t  t han  t h e  drawdown and b u i l d - u p  
t e s t s .  

I n  t h i s  pape r  t h e  a p p l i c a t i o n  o f  d i f f e r e n t  
p r e s s u r e  a n a l y s i s  methods t o  t h e  r e s u l t s  
o f  s e v e r a l  i n j e c t i o n  t e s t s  c a r r i e d  o u t  i n  
a geothermal  w e l l  iil Los Azuf re s  i s  i l l u s -  
t r a t e d ;  and t h e  p o t e n t i a l  o f  t h e s e  methods 
i n  reachi i ig  t h e  above o b j e c t i v e ,  even 
w i t h  incomplete  d a t a ,  i s  demons t r a t ed .  

GENERAL BACKGROUND. 

Los Azuf re s  Geothermal F i e l d  i s  l o c a t e d  i n  
t h e  S t a t e  of  Jiichnacan i n  C e n t r a l  lilexico. 
I t  i s  on t h e  E-W o r i e n t e d  n e o - v o l c a n i c  a x i s  
and i s  covered by n e o - q u a t e r n a r  volcanic 

and sands .  Mic rogranu la r  andes i  tes  form 
t h e  lower p a r t  o f  t h e  v o l c a n i c  fo rma t io i l s  
and a r e  o v e r l a i d  a t  p l a c e s  by r i o l i t c s  and 
p y r o c l a s t i c s .  

d e p o s i t s  o v e r l y i n g  a basement o P l u t i t e s  

A l t e r a t i o n  zones and the rma l  m a n i f e s t a t i o n s  
a r e  c l e a r l y  r e l a t e d  t o  t e c t o n i c  a c t i v i t y  
and a r e  l o c a t e d  n e a r  f a u l t s  and f r a c t u r e  

zones.  The w e l l s  s o  f a r  d r i l l e d  i n  t h i s  
a r e a  a r e  s i t e d  n e a r  t h e  known major  f a u l t s  
i n  o r d e r  t o  e n c o u n t e r  s e c o n d a r y  pe rmeab i l ?  
i t y  associated w i t h  them. 

The main p r o d u c t i o n  i s  t h o u g h t  t o  come 
t h r o u g h  f r a c t u r e s .  

The c o m p l e t i o n  o f  t h e  well  i s  shown i n  F i g .  
1 which a l s o  i n c l u d e s  t h e  d a t a  on c i r c u l a -  
t i o n  f l u i d  l o s s e s  and p e r c e n t a g e  c o r e  r e -  
c o v e r y .  

I t  was d r i l l e d  a lmos t  c o m p l e t e l e y  i n  f r a c -  
t u r e d  a n d e s i t a s .  T h e  f r a c t u r e s  were u s u a l -  
l y  f i l e d  w i t h  s i l i c a ,  c h l o r i t e  and e p i d o t e .  
The p o r t i o n  o f  t h e  w e l l  below 2200 m was 
h i g h l y  f r a c t u r e d  and f r agmen ted  as  was 
o b s e r v e d  f r o n  t h e  l a s t  two c o r e s  t a k e n  and 
a s  conf i rmed  by v e r y  poor  c o r e  r e c o v e r i e s .  

The well was d r i l l e d  u s i n g  b e n t o n i t i c  mud 
from s u r f a c e  up t o  1 5 0 0  m and w i t h  w a t e r  
from 15011 m downwards. 

The c i r c u l a t i o n  was t o t a l l y  l o s t  a t  2 2 2 4  m 
f o r  one  h o u r ,  t h e n  p a r t i a l l y  r e c o v e r e d  ar.6 
was l o s t  a g a i n  c o m p l e t e l e y  a t  a b o u t  2332 111.  
The l a s t  p a r t  o f  t h e  w e l l  was d r i l l e d  w i t h  
t o t a l  l o s s  o f  c i r c u l a t i o n .  

The f i r s t  s e r i e s  o f  t e s t s  were c a r r i e d  o u t  
when t h e  wel l  was a t  2404 m ,  a f t e r  a c o r e  
had been  t a k e n  a t  t h i s  l e v e l .  Here when 
t h e  f i r s t  a t t e m p t  was made t o  c o r e ,  i t  w a s  
found t h a t  t h e r e  was a n  a c c u m u l a t i o n  o f  
c u t t i n g s  50  m t h i c k  a t  t h e  bo t tom,  and 
a f t e r  s e v e r a l  t r i a l s  t h e s e  c u t t i n g s  were 
c l e a n e d  w i t h  a b a t c h  o f  mud. 

The second  ser ies  o f  t e s t s  were r u n  a f t e r  
deepen ing  t h e  w e l l  t o  2450 m and p u t t i n g  
a l i n e r  a s  shown i n  F i g .  1 .  The well was 
s t o p p e d  a t  t h i s  d e p t h  f o r  r e a s o n s  o f  w e l l  
s a f e t y ,  prohlems w i t h  w a t e r  s u p p l y  and 
mater ia ls .  

TEST PROCEDURE. - 

Before  t h e  i n j e c t i o n  t e s t s  were r u n  two 
t e r p e r a t u r e  s u r v e y s  had heen c a r r i e d  o u t  

ziiu I :;ours a f t e r  c i r c -u i  i t i o i i  s t ~ i ~ p e d j  iu 
d e t e r m i n e  t h e  d i s t r i b u t i o n  o f  t h e  per ineeble  

. "  
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Type Curve Matching Using t h e  Curves o f  
E a r l o u g h e r  and Kersch. ( 3 ) .  

+he r e s u l t s  o f  t h e  a n a l y s i s  w i t h  t h i s  
method a r e  a l s o  p r e s e n t e d  i n  t a b l e s  I1 
and 111. 

Although two o r  t h r e e  d i f f e r e n t  matches 
c o u l d  be made f o r  e a r c h  t e s t ,  an  a v e r a g e  
o f  t h e  p a r a m e t e r s  o b t a i n e d  w i t h  d i f f e r e n t  
matches g i v e  a r e a s o n a b l e  i n d i c a t i o n  o f  
t h e  o r d e r  o f  v a l u e s  s o u g h t .  One can  a l s o  
o b s e r v e  t h a t  t h e  i v e r a g e  v a l u e s  o b t a i n e d  
by t h i s  method compare r e a s o n a b l y  w e l l  
w i t h  t h e  a v e r a g e  v a l u e s  o b t a i n e d  by t h e  
l o g - l o g  method. 

With Semi-Log Method. 

I n  o r d e r  t h e  conf i rm t h e  c o n c l u s i o n s  
o b t a i n e d  by t h e  l o g - l o g  a n a l y s i s  s emi -  
l o g  s t a n d a r d  p l o t s  o f  d a t a  were a l s o  made. 

I t  was found t h a t  w e l l b o r e  s t o r a g e  e f f e c t s  
were domina t ing  a l m o s t  a l l  o r  a v e r y  l a r g e  
p o r t i o n  of t h e  d a t a ;  and e i t h e r  t h e  semi- 
l o g  s t r a i p h t  l i n e  d a t a  were l o s t  com- 
p l e t e l y  (because  o f  n o t  hav ing  s u f f i c i e n t  
c l o c k  t ime)  o r  o n l y  t h e  beg inn ing  o f  t h e  
r e q u i r e d  d a t a  were r e c o r d e d .  T h e r e f o r e ,  i t  
was i m p o s s i b l e  t o  a n a l y s e  t h e  d a t a  by t h i s  
method. 

However, t h e  s e m i - l o g  p l o t  o f  t h e  r e s u l t s  
o f  t h e  f i r s t  t e s t  f t h e  l o n g e s t  r e c o r d e d  
t e s t )  a re  p r e s e n t e d  i n  F i g .  13 a s  an  
example.  I t  can be s e e n  t h a t  towards t h e  
end o f  t h e  d a t a  semi - log  s t r a i g h t  l i n e  
c o n d i t i o n s  a r e  b e i n g  r e a c h e d ,  and t h e  
s l o p e  o f  t h e  drawn l i n e s  may g i v e  a n  i d e a  
a b o u t  t h e  lower l i m i t  o f  t h e  t r a n s m i s s i v i t y  
v a l u e .  One can  a l s o  o b s e r v e  a h i g h  s k i n  
e f f e c t  . 
O t h e r  methods o f  a n a l y s i s  were a l s o  t r i e d .  
I n  F i g u r e  1 4  one can  see t h e  r e s u l t s  o f  
t h e  c o n v e n t i o n a l  two r a t e  a n a l y s i s  (2 )  o f  
t h e  second t e s t .  I t  w i l l  be  no ted  t h a t  t h e  

r o p e r  s t r a i g h t  l i n e  p o r t i o n  o f  t h e  d a t a  
[ad n o t  been r e a c h e d .  

The method s u g g e s t e d  by G l a d f e l t e r  et aL 
( 4 )  f o r  t h e  d a t a  dominated by w e l l b o r e  
s t o r a g e  e f f e c t s ,  was a l s o  a p p l i e d  t o  t h e  
r e s u l t s  of  some o f  t h e  t e s t s .  

Although i t  was p o s s i b l e  t o  o b t a i n  r e a s o n  
a b l y  good semi - log  s t r a i g h t  l i n e s  i n  e v e r y  
c a s e ,  t h e  t r a n s m i s s i v i t y  o b t a i n e d  was v e r y  
low ( i n  t h e  o r d e r  of  1 . 6 0  d.m./cp) compa- 
r e d  t o  t h e  v a l u e s  shown ir, t a b l e s  I 1  and 
111. However, i n  p l o t t i n g  t h e  g r a p h s ,  a 
f i g u r e  o f  0.0351 m3/m (0.0672 b b l / f t )  was 
used ( a s  c a l c u l a t e 4  u s i n g  t h e  a c t u a l  h o l e ,  
c a s i n g  and p i p e  dimensions dclring t h e  
t e s t s )  f o r  c a s i n g  c a p a c i t y .  T h i s  f i g u r e  
g i v e s  a C v a l u e  o f  0.1551 b b l / p s i .  On t h e  
o t h e r  hand t h e  t e s t s  r e s u l t s  i n d i c a t e  a C 
v a l u e  o f  abou t  G , 2 5 0  b b l / p s i .  

When a c o r r e c t i o n  was made t o  t h e  c a s i n g  
LupclLrc, UJ*"& C l l l J  A U C C C l  " " * " C ,  i t  ;:25 
found t h a t  t h e  s l o p e  o f  t h e  semi - log  
s t r a i g h t  l i n e  d i m i n i s h e d  g i v i n g  t r a n s m i s -  

.-----:+.. ,,..;..- +h:- l-++-.. .,.,l..,. 

s i v i t y  v a l u e s  s l i g h t l y  s m a l l e r  t h a n  t h o s e  
o b t a i n e d  by t y p e  c u r v e  ma tch ing  me thods .  
A l s o  i t  h a s  been o b s e r v e d  w i t h  t h e  method 
t h a t  u n l e s s  one  uses  v e r y  small t h e  
i n t e r v a l s  (one  o r  two m i n u t e s )  one g e t s  a 
l a r g e  d i s p e r s i o n  o f  p o i n t s .  

I t  was a l s o  found t h a t  w i t h  t h i s  t y p e  o f  
w e l l s  o n e  can  n o t  u s e  methods o f  a n a l y s i s  
employing l o g a r i t h m i c  p r e s s u r e  change  
v e r s u s  t i m e .  T h i s  i s  p r o b a b l y  b e c a u s e  t h e  
l a t e  t i m e . t r a n s i e n t s  a r e  s h o r t  and t h e  
e a r l y  time t r a n s i e n t  d a t a  a r e  rnasked by 
w e l l b o r e  s t o r a g e  e f f e c t s .  T h e e e f o r e ,  i t  
i s  v e r y  d i f f i c u l t  t o  s e l e c t  t h e  p l o t  which 
g i v e s  t h e  r i g h t  s t r a i g h t  l i n e  f o r  t h e  
e v a l u a t i o n  o f  t h e  p a r a m e t e r s  s o u g h t .  

I n  t h e  case o f  t h e  f i v e  t e s t s  cons ide red .  
u s u a l l y  t h e r e  were n o t  any l a t e  t ime 
t r a n s i e n t  d a t a ,  and when t h e y  were r e c o r -  
ded e i t h e r  t h e y  were n o t  s u f f i c i e n t  o r  
t h e y  c o u l d  n o t  b e  used f o r  a n a l y s i s  f o r  
t h e  above  r e a s o n s .  

DISCUSSION. 

Al though  t h e  r e s u l t s  o b t a i n e d  by t h e  t y p e  
c u r v e  ma tch ing  methods v a r y  from match t o  
match and from one  method t o  o t h e r ,  t h e y  
a r e  a l l  o f  t h e  same o r d e r  and g i v e  a good 
i n d i c a t i o n  i n  what r a n g e  t h e  a c t u a l  v a l u e s  
l i e .  I n  f a c t  t h e  a v e r a g e  v a l u e s  o b t a i n e d  
by b o t h  t y p e  c u r v e s  a g r e e  v e r y  w e l l  and  
g i v e  a v e r y  good i d e a  a b o u t  t h e  p a r a m e t e r s  
s o u g h t .  

I t  seems t h e  l o g - l o g  method F i v e s  r e s u l t s  
w i t h  less  d i s p e r s i o n  and f o r  t h e  d a t a  u s e d  
a p p e a r s  t o  b e  s u p e r i o r  t o  t h e  o t h e r  a s  
i t  a l s o  e n a b l e s  us  t o  c a l c u l a t e  t h e  s t o -  
r i t i v i t y . (  P h c t ) .  

I t  w i l l  be  n o t e d  t h a t  t h e  second  s e r i e s  o f  
t e s t s  i n d i c a t e  a t r a n s m i s s i v i t y  10% h i g h e r  
t h a n  t h e  v a l u e  o b t a i n e d  by t h e  f i r s t  se -  
r i e s  o f  t e s t s .  T h i s  i s  q u i t e  l o g i c a l  as  
t h e  a d d i t i o n a l  c 3 r i l l i n g  o f  4 0  m a f t e r  t h e  
f i r s t  s e r i e s  o f  t e s t s ,  t h r o u g h  a n  o b v i -  
o u s l y  f r a c t u r e d  f o r m a t i o n ,  must  have 
i n c r e a s e d  t h e  t r a n s m i s s i v i t y  by i n c r e a s i n g  
t h e  h .  

The s k i n  damage a p p e a r s  t o  h e  h i g h ,  b u t  
u n d e r s t a n d a b l e  when i t  i s  remembered t h a t  
a l m o s t  2 2 0  m were d r i l l e d  w i t h  no r e t u r n  
o f  t h e  c i r c u l a t i o n  f l u i d  and t h e  c u t t i n g s  
were o b v i o u s l y  pushed i n t o  t h e  f r a c t u r e s ,  
c a u s i n g  a s k i n  damage. I t  c l e a r l y  l i e s  
between 5 and 1 0 .  

The s t o r a g e  c o e f f i c i e n t  i n d i c a t e d  by b o t h  
s e r i e s  O F  t e s t s  i s  a b o u t  0.250 b h l / p s i  
which i s  a b o u t  t w i c e  a s  h i g h  a s  t h e  v a l u e  
c a l c u l a t e d  t a k i n g  i n t o  a c c o u n t  t h e  p r o f i l e  
o f  t h e  well  (0.1578 h b l / p s i ) .  The d i s c r e p -  
ency  may he  due t o  t h e  f r a c t u r e d  n a t u r e  
o f  t h e  t e s t e d  f o r m a t i o n ,  w i t h  t h e  f r a c -  
t u r e s  a c t i n g  a s  a p a r t  o f  t h e  we l l  s t o r a g e .  

T h i s  may be s l ippor t ed  by t h e  i n c r e a s e  i n  

w e l l  by40 m .  I t  will be n o t e d  t h a t  the 
s t o r i t i v i t y  i s  n e a r l y  doclbled a f t e r  t h i s  

s t o r i t i - . r i t y  ~ f t p r  t h e  c l _ ~ ~ p ~ p i n , o  o f  the A 
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zones a l o n g  t h e  wel l  d e p t h .  The r e s u l t s  o f  
t h e s e  t e s t s  a re  p l o t t e d  i n  F i g u r e  2 .  I t  
can  be no ted  t h a t  a l t h o u g h  t h e  f o r m a t i o n s  
below 2200 m were g e n e r a l l y  pe rmeab le ,  
s e v e r a l  wel l  d e f i n e d  zones had h i g h e r  
p e r m e a b i l i t y  and might b e  a s s o c i a t e d  w i t h  
f r a c t u r e s  a n d / o r  f r a c t u r e d  zones.  The b e s t  
permeable  f e a t u r e  a p p e a r s  t o  be t h e  zone 
where t h e  f i r s t  t o t a l  l o s s  o f  c i r c u l a t i o n  
was obse rved  ( a t  a b o u t  2 2 2 4  m). 

Also a p r e s s u r e - d e p t h  s u r v e y  was made t o  
d e t e r m i n e  t h e  s t a n d i n g  wa te r  l e v e l  i n  t h e  
w e l l .  I t  was found t o  be a t  abou t  672 m .  

The t e s t s  were c a r r i e d  o u t  u s i n g  a K u s t e r  
p r e s s u r e  gauge t o  n o n i t o r  t h e  p r e s s u r e  
changes .  Three -hour  c l o c k s  were used  a s  
c l o c k s  o f  l a r g e r  c a p a c i t i e s  were n o t  
a v a i l a b l e .  

The f i r s t  s e r i e s  o f  t e s t i n g  c o n s i s t e d  o f  
t h r e e  t e s t s  a s  f o l l o w s :  

1.- With t h e  p r e s s u r e  gange a t  1472 m ,  
i n j e c t i o n  a t  t h e  r a t e  o f  500 l i t r e s /  
rnin., f o r  370 r r i n u t e s ,  t h e n  r e c o v e r y  
for 2 3 6  m i n u t e s .  

11.- With t h e  p r e s s u r e  gauge a t  1 4 7 2  m ,  
i n j e c t i o n  a t  a r a t e  o f  1 0 0 0  litres! 
min f o r  75 minu tes  and t h e n  r a i s i n g  
t h e  i n j e c t i o n  r a t e  t o  1500 l i t r c s / m i n  
and i n j e c t i o n  a t  t h i s  r a t e  f o r  45 
minu tes .  A t  t h e  end o f  t h i s  p e r i o d  
water was i n j e c t e d  a t  a r a t e  o f  2050 
l i t r e s / m i n  and t h e r e  was a p a r t i a l  
r e t u r n  o f  w a t e r  a f t e r  abou t  4 minu te s  

1 I i . - W i t h  t h e  p r e s s u r e  gauge a t  1500 m ,  
i n j e c t i o n  a t  t h e  r a t e  o f  800 l i t r e s /  
min f o r  136 minu tes .  

The second s e r i e s  of t e s t s  were c a r r i e d  
o u t  a s  f o l l o w s :  

I . -  With t h e  p r e s s u r e  gauge a t  2000 rn, 
i n j e c t i o n  a t  800 l i t r e s / m i n  f o r  258 
m i n u t e s ,  and t h e n  r ecove ry  f o r  1 4 0  
minu tes .  

11.-With t h e  p r e s s u r e  gauge a t  t h e  same 
l e v e l ,  i n j e c t i o n  s t  1 0 0 0  l i t r e s / m i n .  
(Data mon i to red  f o r  1 2 4  m i n u t e s ) .  
During t h i s  t e s t ,  t h e  i n j e c t i o n  c o u l d  
n o t  be k e p t  c o n s t a n t .  

The r e s u l t s  o f  t h e s e  t e s t s  a r e  p l o t t e d  i n  
F i g u r e s  3 th rough  7. 

ANALY S I S OF THE RESIXTS . 
With Log-Log Method. 

A l though ,  a lmos t  a lways t h e  t endency  is  t o  
a n a l y r e  t h e  r e s u l t s  by means o f  t h e  semi- 
Log method, i t  has  been found w i t h  s imilar  
t es t s  t h a t  i n  a lmos t  a l l  c a s e s  t h e  w e l l -  
bo re  s t o r a g e  e f f e c t s  dominate and mask a 
l a r g e  p a r t  o f  t h e  d a t a ,  and i t  i s  d i f f i -  
c u l t  t o  d e f i n e  t h e  p r o p e r  s emi - log  
straight 1 i r . e .  

The re fo re ,  t h e  r e s u l t s  weie f i r s t  
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p l o t t e d  i n  a l o g - l o g  form,  and  a n a l y s e d  by 
means o f  the"Type Curve Matching" t e c h n i -  
que u s i n g  t h e  t y p e  c u r v e s  o f  Ramey e t  a1  
( I ) ,  e n l a r g e d  v e r s i o n s  o f  t h e  c u r v e s  preset 
t e d  a s  F i g .  C . 6  i n  monogram Vo1.5 o f  t h e  

The ma tch ing  p r o c e d u r e  f o r  f o u r  t e s t s  
l u s i p g  t h e  l o g - l o g  p l o t s  i s  i l l u s t r a t e d  i n  
F i g u r e s  8 t h r o u g h  12 .  The w e l l  a n l ' r e s e r -  
v o i r  p a r a m e t e r s  were c a l c u l a t e d  u s i n g  t h e  
f o r m u l a e  f o r  d i m e n s i o n l e s s  p r e s s u r e 9 d i m e n -  
s i o n l e s s  time and d i m e n s i o n l e s s  s t o r a g e  
c o e f f i c i e n t , a s  shown i n  a p e n d i x  A .  The 
r e s u l t s  o f  t h e  a n a l y s i s  a r e  p r e s e n t e d  i n  
t a b l e s  I 1  and  111. 

The r e s u l t s  o f  t h e  l a s t  t e s t  were n o t  
a n a l y z e d  f o r  t h e  r e a s o n  t h a t  t h e  i n j e c t i o n  
r a t e  d u r i n g  t h i s  t e s t  was not  c o n s t a n t .  

With t h e . r e s u l t s  o f  some t e s t s  o n e  c o u l d  
o b t a i n  more t h a n  one good match.  I n  t h e s e  
cases t h e  b e s r  match was s e l e c t e d  by 
comparing t h e v a l u e  o f  t h e  s t o r a g e  c o e f f i -  
c i e n t  o b t a i n e d  by t h e  f o r m u l a  3 i n  Apendix 
'4 w i t h  t h e  v a l u e  o b t s i n e d  by n s i c g  t h e  - 
d a t a  on t h e  u n i t  s l o p e  p a r t s  o f  t h e  l o g -  
l o g  g r a p h s  and t h e  fo rmula  4 i n  Apendix A .  
I n  some cases ,  however,  i t  was d i f f i c u l t  
t o  s e l e c t  t h e  b e s t  match amongst two 
ma tches  and t h e  p a r a m e t e r s  o b t a i n e d  by 
b o t h  m a t c h e s  were p r e s e n t e d  i n  t a b l e s  I1 
and 111. 

I n  t h e  c a s e  o f  t h e  a n a l y s i s  o f  t h e  r e c o v e -  
r y  p a r t  o f  t h e  f i r s t  t e s t  t h e  d i f f e r e n c e s  
between t h e  C v a l u e s  i n d i c a t e d  t h a t  t h e  
b e g i n n i n g  o f  t h e  r e c o v e r y  k a s .  p e r h a p s  3 . 7  
m i n u t e s  l a t e r  t h a n  assumed. The d a t a  were 
a d j u s t e d  t a k i n g  t h i s  t ime d i f f e r e n c e  i n t o  
a c c o u n t  and a new match was o b t a i n e d .  The 
r e s u l t s  o f  t h e  new match a r e  n o t  s i g n i -  
f i c a n t l y  d i f f e r e n t  from t h e  p r e v i o u s  match.  

The r e s u l t s  c a l c u l a t e d  by t h i s  method 
i n d i c a t e d  t h a t  w i t h  t h e  d a t a  u s e d ,  semi- 
l o g  s t r a i g h t  l i n e  s h o u l d  s t a r t  a b o u t  3 
h o u r s  a f t e r  t h e  b e g i n n i n g  of t h e  t e s t .  I t  
was c l e a r  t h a t  i n  some t e s t s  t h e  u s e f u l  
p a r t  o f  t h e  d a t a  f o r  s e m i - l o g  a n a l y s i s  
was l o s t  d u r i n g  t h e  p e r i o d  when t h e  K u s t e r  
gauge was r a i s e d  and r e l o w e r e d ,  a f t e r  
r e - w i n d i n g  o r  chang ing  t h e  c l o c k ;  and i n  
o t h e r s  o n l y  t h e  begir .ning o f  t h e  semi- 
l o g  d a t a  was r e c o r d e d  w i t h i n  t h e  K r s t  3 
h o u r s  o f  c l o c k  t i n e .  

I t  i s  w e l l  known t h a t  t h e  "Type Ctlrve 
Match ing  Techn iques" -  are e spec ia l ly  use- 
f u l  when t h e  w e l l b o r e  s t o r a g e  e f f e c t s  
l a s t  a l o n g  t ime and e a r l y  t i m e  t r a n s i e n t  
d a t a  e x i s t ,  a s  i t  was t h e  case w i t h  t h e  
t es t s  c a r r i e d  o u t .  However u n d e r  t h e s e  
c i r c u m s t a n c e s  t h e  methods g i v e  o n l y  
a p r o x i m a t e  v a l u e s .  

T h e r e f o r e ,  t h e  r e s u l t s  were a n a l y z e d  by 
means o f  another"Type Curve Ffatching" 
t e c h n i q u e ,  u s i n g  t h e  t y p e  c u r v e s  o f  
E a r l o u g h e r  and Kersch ( 3 ) .  ( L a r g e r  s c a l e  
v e r s i o n s  of  tile c u r v e s  ~ L ~ ~ c I I L ~ G  dS F i g .  
C . 7  i n  Monograph Vol.  5 o f  t h e  SFE ( 3 ) .  

SPE ( 2 ) .  



additional drilling, indicating that the 
additional 4 0  m were highly fractured 
forming a psuedo-porous medium. 

The storitivity value obtained from the 
first series of tests is quite acceptable, 
because if one assumes 0 = 0.1 and ct = 
5.7 x 10-5 (Kg/cm2)-1 one gets h = 298 m 
which is very close to the permeable intey- 
Val observed ( 2 4 1 0  - 2 2 0 0  = 2 1 0  m). 

The tests during which late data were 
registered do not show the typical fractu- 
red reservoir behaviour, indicating that 
the formations are behaving like porous. 
However, typical semi-log curves of frac- 
tured formations were observed with the 
data of another well in the same field. 

Finally, if the flow efficiency is calu- 
lated using the results of first and 
fourth test, a value between 0.51 and 0.52 
is obtained. When one takes into account 
that when the well was eventllally induced, 
it produced 63 t/h, it indicates that if 
the skin damage can be removed the 
well will produce about 123 t/h. 

CONCLUSIONS. 
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make lop-log plots to define the data 
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TABLE I 

NOKNCLATURE 
U n i t s  - 

Meaning Convent ional  

E f f e c t i v e  ave rage  p e r m e a b i l i t y  miaidarc y 

N e t  formation pay t h i c k n e s s  f t ,  

Metric - 
d e n y  

Symbol 

K 

h 

Pressure 

I n j e c t i o n  Rate 

P 

9 

w t / h  

c e n t i p o i s e  

hour  

V i s c o s i t y  c e n t i p o i s e  /" 
t time h o u r  

V r  
VEC 

Formation volume factor 
(reservair volume/s t anda rd  volume = -) 
p o m s i t y  f r a c t i o n  of bulk volume 

B 

d 

T o t a l  system e f f e c t i v e  
i so the rma l  c o m p r e s s i b i l i t y  

we lbow .radius  

( P S d  

f t  

C 
t 

r 
W 

C Wellbore s t u r a g e  c o e f f i c i e n t  b b l / p s i  2 m3/Kg/cm2 3 
(1 b b l / p s i  I 2.2615 m /Kg /cm ) 

P 
D Dimensionless  pressure 

Dimensionless time 

cD 
Dimensionless s t o r a g e  c o e f f i c i e n t  

P r e s s u r e  change P s i  

h o u r  

psi/log cycle 

A P  
Time change A t  

m Slope of Semi-log 
S t r a i g h t  l i n e  

S p e c i f i c  Volume et  s t a n d a r d  
I J I  

. c o n d i t i o n s  
vsc 

V r  

m3/t  

m3/ t 
3 S p e c i f i c  volume a t  reservoir c o n d i t i o n s  

n e a r  t h e  i n L e c t i o n  [assumed t o  b e  1.0435 m /t  
i n  a l l  c a l c L l a t i o n s )  

S S k i n  effect (d imens ion le s s )  

A PS See equa t ion  9. 

- 
P Volumetr ic  s v e m g e  p l e s s u r e  

w i t h i n  d r a i n a g e  volume 
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TABLE I1 

RESULTS OF THE ANALYSIS OF THE TESTS 

WITH THE WELL AT 2,404 M . 

Type o f  Test Analysis 
Method 

I n j e c t i o n  Semi-log There are not  enough data. 
+ 

-3 
14.34 ? 49018 ? 7.46~112 ? 1.72x101:? 8:%1 20 ? 
8.72 26520 7 . 3 7 ~ 1 0 - ~  1.70~10 0.236 10 

7.65 25088 
7.02 23027 
7.33 - 24057 - 

0.290 12.39 
0.290 3.18 
0.290 7.79 - 

ReccverX a f t e r  
i n ' e c t i o n  w i th  
SO i i t r e s  / m i n  

J 
Semi-log 5.49 ? 18013 ? 

4.12 P 13518 ? + 
3.350 

8.01 26281 8. 3zXied3 1 . 9 2 ~ 1 0 - ~  0.269+ 10 
-3 

8.01 26281 7.00xlO 1 , 6 1 ~ 1 0 - ~  0.280 10 
0.235 

E - K  No good match 

I n j e c t i o n  Sami-log 
wi th  1,000 
lit= s/nin Log-Log 

(Ramey) 

E - K  

There are enough dabs, 0.246+ 

8.58 26151 6. ~ O X ~ O - ~  1. ~ I x ~ O - ~  0.198 10 

4.63 15193 
11.23 36860 
7.93 26026 - - 

0.190 3.39 
0.199 14.88 

3.14 - 0.195 - 
~~ 

InJ ect ion Semi-Log 

w i th  800 
l i t r e s / m i n  Ljg-L~g 

(gamey) 

E - K  

There are no t  enough da ta .  0.298' 

8 . 4 ~ 1 6 ~  1 .94~10-~  0.272 
1. BWO-~  0.261 

-3 
6.31 20703 
9.38 30776 6.0~10 

5 
10 

9.81 32193 
5.34 17510 

24852 7.57 - .  - 

0.254 10.15 
0.248 4.41 

7.28 0.251 - 

Average 
Representa 

-3 
0.250 

-3 
8.00 26248 7.36~112 1.70~10 8.82 

t i v e  
Values 

- 
+ Calculated using the data on the u n i t  slope p a r t  o f  the log-log p l o t s .  

NOTES : 1 E-K stand f o r  analysis using EarlourJher + Kersch CLITVOS (2). 
by assuning 0 = 0.1 a,zd c = 5.7 x 10-3 (Kg/cm2)-i . h = 910 m. 

FigLiru3 undaineo are the eversge values obtained usinq Earluuoher + Kersch curves. 

Skin values vere obtained 

t 
2 

-181- 



TABLE I11 

RESWTS iF THE ANALYSIS OF THE TESTS 

WITH THE WELL AT 2450 M. 

Test Analysis . Kh/r  @ hc t  C S 
Methcd d.m./cp md.ft/cp m/kg/ce f t / p s i  bbl/psi 

In jec t ion  Semi-log There are not enough data 
wi th 
800 0.262 

l it-res/min Log-log 9.38 30776 13.65 x 1Q-3 3.15 x lW3 0.256 10 
(Ramey) 

E - K  6. 20 20351 0.210 3.55 
15.25 50151 0.230 18.45 
8.53 2757) 0.220 6.96 

0.220 8.07 10.00 - -  32826 - - 

Recovery Semi-log There are not enough data 

a f te r  i q -  0.269 
ject ion Log-log 6.75 22147 15.52 x IO-3 3.58 x 10-3 0.267 5 
with 800 (RameYl 
l i t res/min 

E - K  9.14 30000 0.255 5.73 
8.99 29500 0.236 5.77 
9.07 29750 - -  0.246 5.75 - - 

Inject ion  E -K 
with 10OC 
l i t res/min 

9.32 ? 30590 ? 0.345 ? 4.78? 
0.370 ? 

Average 
Representa- 
t i v e  Values 

* Calculated using the data on the u n i t  slope par t  o f  the log-log plots.  

NOTES: 1. E-K stand fo r  analysis using EarloughEr + Kersh cumes (2). 
assmi- @ = 0.1 and c t=  3.7 x 10-5 (Kg/cmz)-?, h = 250 m. 

Skin values were obtained by 

2. Figures underlinec' are Pie average values obtained using Earlmgher + Kersch curves. 
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Appendix A: 
Formulae Used : 

Conventional Reservoir 
Engineering Units 

c = 9 8  &t 
24 Ap 

m = 162.6 q F 0  
Kh 

t = /200000 + I2000 51 
(kh/r 1 

(3 1 

(4) 

(5) 

Flow e f f i c i ency  = 6 - pwf - b p s  = 1- &S - : - pwf P - pwf 

bps = 0.07 m.s. ('7 1 

Metr ic 
Un i ts  

C = W VSC 0 At 
& 

m = 0.5250 Vsc q 0p 
Kh 

t = ~200000 + 12000 Sl 
3281 ( k h / p )  
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