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ABSTMCT. 

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 Azu f r e 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 r ame te r s  a t  t h e  w e l l  comple t i on  
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. Also ,  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  well and o t h e r  s imilar  
wel ls ,  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 .  

INTP,ODUCTIC)N. 

I n j e c t i o n  t es t s  a r e  c a r r i e d  o u t  a s  a p a r t  
o f  comple t ion  p rocedu re s  o f  geothermal  
uslls i n  t h e  Los Azufres  Geotherinal F i e l d ,  
Michoacan,blexico. The main pu rpase  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  a b o u t  
t h e  w e l l  and r e s e r v o i r  parametprs  i n  o r d e r  
t o  p r e d i c t  f u t u r e  wel l  per formance .  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  a c h i e v e  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 l c w  c o n d i -  
t i o n s  observed  d u r i n g  draw-down and b 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 es 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 gea thermal  w e l l  i a  Los Azuf r e 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  r e a c h i n g  t h e  above o b j e c t i v e ,  even  
w i t h  inconlp le te  d a t a ,  i s  demons t r a t ed ,  

GENERAL BACKGROUND. 

Los Azu f r e 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  o f  ' l jchnacan i n  C e n t r a l  Mexico. 
I t  i s  o n  t h e  E-W o r i e n t e d  n e o - v o i 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 
d e p o s i t s  o v e r l y i n g  a basement 02 l u t i t e s  
and s ands .  N i c r o g r a n u l a r  a n d e s i t e s  fOrm 
t h e  lower p a r t  of  t h e  v o l c a n i i  f o 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 e s  and 
p y r o c l a s t i c s .  

A l t e r a t i o n  zones and thermal  m a n i f e s t a t i o n s  
are  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  nea r  f a u l t s  and f r a c t u r e  

4638 3' p i s o .  

zones .  The we l l s  s o  f a r  d r i l l e d  i n  t h i s  
area 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  permeabi l-  
i cy  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 comple t i on  o f  t h e  w e l l  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 z n t a g e  c o r e  re-  
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 -  
ly 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 2 2 0 0  m was 
h i g h l y  f r a c t u r e d  and f r agmen ted  a s  was 
o b s e r v e d  from t h e  l a s t  two c o r e s  t a k e n  and 
as con f i rmed  by v e r y  poor  c o r e  r e c o v e r i e s .  

'The w e l l  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  1501) m arid w i t h  w a t e r  
from 1500 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 
€ 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  a d  
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  2 3 3 2  i n .  
The l a s t  p a r t  o f  t h e  wel l  was d r i l l e d  w i t h  
t o t a l  l o s s  of  c i r c u l a t i o n .  

The f i r s t  se r ies  o f  t e s t s  were c a r r i e d  o u t  
when t h e  well  was a t  2 4 0 4  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  was 
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 ,  p roblems  w i t h  w a t e r  s u p p l y  and 
mater ia ls .  

-- TEST PROCERIJRE. 

Be fo re  t h e  i n j e c t i o n  t e s t s  were run  two 
t e ~ p e ~ a t u r e  s u r v e y s  had heen c a r r i e d  o u t  
115 zriu 7 :;ours a i r e r  c i r c u i  Friori  b t ~ 1 1 1 ~ e d j  LU 
d e t e r m i n e  t h e  d i s t r i b u t i o n  of  t h e  pCrine8ble 
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Type Curve Matching Using t h e  Curves o f  
Ea r loughcr  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 h l e s  I 1  
and 111. 

Al though 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 ,  a n  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  of  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  a 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  semi-  
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 lmos 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 r 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  having 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  ( t h e  l o n g e s t  r e c o r d e d  
t e s t )  a r e  p r e s e n t e d  i n  F i g .  13  a s  an 
example.  I t  can  be seen  t h a t  towards  t h e  
end o f  t h e  d a t a  s e m i - l o g  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  be ing  r eached ,  and t h e  
s l o p e  of  t h e  drawn l i n e s  may g i v e  a n  i d e a  
abou 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 n o t e d  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  K 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 a L  
( 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 of  t h e  t e s t s .  

Al though 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 h 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  o f  1 . 6 0  d.m./cp) compa- 
r e d  t o  t h e  v a l u e s  shown is 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 m J / m  (0.0672 b b l / f t )  was 
used ( a s  c a l c u l a t e d  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  djniensions dclring t h e  
t e s t s )  f o r  c a s i n g  c z p n 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 . 1 5 5 1  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  W R S  made t o  t h e  c a s i n g  
LupLlL&L] UJL"& C I I l J  I U L C L I  " ' L L U L ,  i t  1.:2,5 
found t h a t  t h e  s l o p e  o f  t h e  s e a i - l o g  
s t r a i g h t  l i n e  dimirl isi ied g i v i n g  t r a n s w i s -  

-----:+., .,-:nn +h:- l-++-, % r . 3 1 , , n  
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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  methods .  
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 inle  
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  
wells o n e  c a n  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 ime.  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  n a s k e d  by 
well lbore s t o r a g e  e f f e c t s .  T h e f 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  c a s e  o f  t h e  f i v e  t e s t s  considered.  
u s u a l l y  t h e r e  were  n o t  any l a t e  t i m e  
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  be  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 .  

D1SC:USSION. 

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  
soup,ht .  

I t  seems t h e  l o g - l o g  method p 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  used 
a p p e a r s  t o  be  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  will 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  s e -  
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  a s  
t h e  a d d i t i o n a l  d 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  se r ies  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  220 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  
se r ies  oE t e s t s  i s  a b o u t  0.250 b b 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 r ? to  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 b b l / p s i ) .  The d i s c r e p -  
ency may h e  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 n c -  
t u r e s  a c t i n g  a s  a p a r t  of  t h e  w e l l  s t o r a g e .  

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

w e l l  hy30 m .  I t  w i l l  be n o t e d  t h a t  t he  
s t o r i t i v i t y  i s  n e a r l y  doub led  a f t e r  t h i s  

c + n r i + i i r i + v  - ~ f t ~ r  t he  dppppnjng n f  t h e  
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zones a long  t h e  w e l l  dep th .  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  2 .  I t  
can  be no t ed  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  permeable ,  
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  and /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  loss  o f  c i r c u l a t i o n  
was observed  ( a t  aboilt  2 2 2 4  m). 

Also a p r e s s u r e - d e p t h  su rvey  was made t o  
de t e rmine  t h e  s t a n d i n g  water l e v e l  i n  t h e  
we 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 Kus t e r  
p r e s s u r e  gauge t o  mon i to 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  se r ies  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 :  

I . -  With t h e  p r e s s u r e  gauge a t  1472 m y  
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 m i n u t e s ,  t hen  r ecove ry  
f o r  236 minu t e s .  

11.- With t h e  p r e s s u r e  gauge a t  1472 m,  
i n j e c t i o n  a t  a r a t e  o f  1000  l i t r es !  
min f o r  75 minu t e s  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  I 5 0 0  l i t r e 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 t e s .  A t  t h e  end of  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  wa t e r  a f t e r  abou t  4 m inu t e s .  

1 I i . - W i t h  t h e  p r e s s u r e  gauge a t  1500 m y  
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 t e s .  

The second s e r i e s  o f  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 m ,  
i n j e c t i o n  a t  8 0 0  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  140 
minu t e s .  

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  1OOn l i t r e s / m i n .  
(Data moni tored  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  
no t  be  kep 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  are  p l a t t e d  i n  
F i g u r e s  3 th rough 7 .  

ANALYSIS OF THE RESI!I.TS. 

With Log-Log Method. 

Al though,  a lmos t  always t h e  t endency  i s  t o  
a n a l y z e  t h e  r e s u l t s  hy means o f  t h e  semi- 
Log method, i t  has  been  found w i t h  s i m i l a r  
t e s t s  t h a t  i n  a lmos t  a l l  c a s e s  t h e  wel 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  of  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 rope r  s emi - log  
s t r a i g h t  l i n e .  

Therefore;. t h e  r e s u l t s  wexe f i r s t  

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  
( l ) , 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  p r e s e c  
t e d  a s  F i g .  C.6 i n  monogram Vo1.5 o f  t h e  
SPE ( 2 ) .  

The ma tch ing  p r o c e d u r e  f o r  f o u r  tests  
tu s ing  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 rough  12.  The w e l l  a r d ' 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  
fo rmu lae  f o r  d i m e n s i o n l e s s  p r e s su repd imen-  
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 .  

Wi th  t h e x e s u l t s  of  some t e s t s  one  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 t  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 
A w i t h  t h e  v a l u e  obtsinec!  by I J S ~ P ~  tbt! - 
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 rmu la  4 i n  Apendix A .  
I n  some cases ,  however, i t  was d i f f i c u l t  
t o  select  t h e  b e s t  match  amongst two 
matches  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  matches  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  :he 
b e g i n n i n g  o f  t h e  r e c o v e r y  h 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  f rom 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  the b e g i n n i n g  o f  t h e  t e s t ,  I t  
was c lear  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  b e g i n n i n g  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  €irst 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 Ciarve 
Match ing  Techn iques" -  are especially use- 
fu l  when t h e  w e l l b o r e  s t o r a g e  e f f ec t s  
l a s t  a l o n g  time and  e a r l y  t ime  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  c a s e  w i t h  t h e  
tests c a r r i e d  o u t .  However unde 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  
aproxi rna te  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  ano  ther"Type Curve Matching" 
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 ) .  (La rge r  s c a l e  
v e r s i o n s  o i  rile curves  p ~ e ~ e r i i a d  dis F i g .  
C . 7  i n  Monograph Vol .  5 o f  t h e  SFE ( 3 ) .  
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a d d i t i o n a l  d r i l l i n g ,  i n d i c a t i n g  t h a t  t h e  
a d d i t i o n a l  4 0  m were h i g h l y  f r a c t u r e d  
forming a psuedo-porous  medium. 

The s t o r i t i v i t y  v a l u e  o b t a i n e d  from t h e  
f i r s t  s e r i e s  o f  t e s t s  i s  q u i t e  a c c e p t a b l e ,  
because  i f  one  assumes 0 = 0 .1  and c t  = 
5.7 x 10-5  (Kg/crnZ)-l one g e t s  h = 298  m 
which i s  v e r y  c l o s e  t o  t h e  permeable  i n t e l l -  
Val obse rved  (2410 - 2200 = 210 m). 

The t e s t s  d u r i n g  which l a t e  d a t a  were 
r e g i s t e r e d  do n o t  show t h e  t y p i c a l  f r a c t u -  
r e d  r e s e r v o i r  behav iour ,  i n d i c a t i n g  t h a t  
t h e  f o r m a t i o n s  a r e  behaving l i k e  porous .  
However, t y p i c a l  s emi- log  c u r v e s  o f  f r a c -  
t u r e d  f o r m a t i o n s  were obse rved  w i t h  t h e  
d a t a  o f  a n o t h e r  w e l l  i n  t h e  same f i e l d .  

F i n a l l y ,  i f  t h e  f low e f f i c i e n c y  i s  c a l u -  
l a t e d  u s i n g  t h e  r e s u l t s  o f  f i r s t  and 
f o u r t h  t e s t ,  a v a l u e  between 0 . 5 1  and 0.52 
i s  o b t a i n e d .  When one t a k e s  i n t o  a c c o u n t  
t h a t  when t h e  well was e v e n t u a l l y  induced ,  
i t  produced 63 t / h ,  i t  i n d i c a t e s  t h a t  i f  
t h e  s k i n  damage can be  removed t h e  
wel l  w i l l  p roduce abou t  123 t / h .  

CONCLUSIONS. 

I . -  I n j e c t i o n  t e s t s  can be s u c c e s s f u l l y  
used t o  de te rmine  w e l l  and r e s e r v o i r  
p a r a m e t e r s  a t  t h e  comple t ion  s t a g e  
of a w e l l  and t h e  r e s u l t s  can  be 
a n a l y s e d  w i t h  t h e  e s t a b l i s h e d  meth-  

11.- They a r e  e a s y  t o  pe r fo rm and Kus te r  

. ods. 

p r e s s u r e  zauges  a r e  s u f f i c i e n t  t o  
r e c o r d  t h e  p r e s s u r e  changes .  However 
c l o c k s  of  a t  l e a s t  6 hours  p e r i o d  
a re  r e q u i r e d  t o  r e g i s t e r  a l l  t h e  
n e c e s s a r y  d a t a .  

111.- I n j e c t i o n  d a t a  a r e  u s u a l l y  dominated 
by w e l l  b o r e  s t o r a g e  e f f e c t s  and t h e  
p a r t s  which can be a n a l y s e d  by semi-  
l o g  methods a r e  s h o r t .  For t h i s  
r e a s o n  i t  i s  a b s o l u t e l y  n e c e s s a r y  t o  
make l o g - l o g  p l o t s  t o  d e f i n e  t h e  d a t a  
which can  be ana lyzed  by t h e  semi-  
l o g  methods.  

1V.- I n  c a s e s  where a l a r g e  p a r t  of  t h e  
semi- log  s t r a i g h t  l i n e  d a t a  i s  
m i s s i n g ,  o r  t o o  s h o r t  t o  be i d e n t i -  
f i e d ,  t h e  t y p e  c u r v e  matching t echn i -  
q u e s  u s i n g  t h e  t y p e  c u r v e s  of  Ramey 
e t  a 1  and Ear lougher  and Kersch can  
be s u c c e s s f u l l y  used  t o  a n a l y s e  t h e  
e a r l y  time t r a n s i e n t  d a t a .  Al though 
t h e  r e s u l t s  o b t a i n e d  a r e  approximate 
when s e v e r a l  t e s t s  a r e  c a r r i e d  o u t  
r e a s o n a b l y  r e l i a b l e  ave rage  v a l u e s  
can be de te rmined .  

The l o g - l o g  a n a l y s i s  w i t h  t h e  t y p e  
c u r v e s  o f  Ramey e t  a 1  a r e  i i k e l y  t o  
g i v e  more c o n s i s t e n t  r e s u l t s .  

V . -  Exper i ence  w i t h  t h i s  and o t h e r  wells  
i n d i c a t e  t h a t  t h e  methods o f  a n a l y -  
sis u s i n g  l o g  p r e s s u r e - t i m e  c p l o t s  
a r e  n o t  r ecommendsb le  f o r  ,hese JJplls. 
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TABLE I 

NOENCLATURE 
u n i t s  - 

C o n v e n t i o n a l  

millid amy 

Symbol 

K 

Meaning 

E f f e c t i v e  a v e r a g e  p e r m e a b i l i t y  

Metric - 
d a r c y  

h Net fo rma t ion  pay  t h i c k n e s s  f t  % rn 

2 
d c m  P r e s s u r e  P p s i  

t / h  

c e n t i p o i s e  

h o u r  

r c e n t i p o i s e  V i s c o s i t y  

t 

B 

t i m e  h o u r  

Fo rma t ion  volume factor 
(resewair vo lume / s t anda rd  volume = -) V r  

p o r o s i t y  f r a c t i o n  of bu lk  volume 
VCC 

T o t a l  sy s t em e f f e c t i v e  
i s o t h e r m a l  c o m p r e s s i b i l i t y  

we lbo re  m d i u s  

C 
t 

(psi)-’ 

f t  r 
W 

C Wel lbore  s t u r a g e  c o e f f i c i e n t  b b l / p s i  m 3 / ~ / c m 2  (1 b b l / p s i  = 2.2615 m 3 /Kg/cm 2 ) 

D P 
Dimens iun l e s s  p r e s s u r e  

D imens ion l e s s  time 

cD D imens ion l e s s  storage 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  

’ p s i h o g  c y c l e  

Time change  A t  h o u r  

Kg/crn /log c y c h  
2 

in S l o p e  o f  Semi- log 
S t r a i g h t  l i n e  

S p e c i f i c  Volume a t  s t a n d a r d  
c o n d i t i o n s  

’ J I  

vsc 
m3/t  

d/t V r  
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  in , ’ec t ion (assumed t o  be 1.0435 rn /t 
i n  a l l  calcLlatioqs) 

S k i n  effect ( d i m e n s i o n l e s s )  S 

A PS 

- 
P 

See e q u e t i o n  7. 

Voluma t r i c  s v e n g a  p l e s s u r e  
w i t h i n  d r a i n a g e  volume 

2 
Wcrn 
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TABLE 11 

RESULTS THE ANALYSIS CF THE TESTS 

WITH THE WELL AT 2 , a m  M . 

Type of T e s t  A n a l y s i s  Kh #hct c S 
Method d.rn/cpP mdft/cp m/Kg/cm2 f t / p s i  b b l / p s i  

I n j e c t i o n  Semi-log T h e r e  are n o t  e n o u g h d a t a .  
500 l i t n s / m i n  

Log-Log 
(R ame y ) 

+ 
14.34 ? 49018 ? 7.46xlC1,3 ? 1 . 7 2 ~ 1 0 - ~ 7  8:!$2i 20 ? 

1. ~ O X ~ O - ~ ’  0.236 10 8.72 2e620 7 . 3 7 ~ 1 0  

E-K 7.65 25088 
7.02 23027 
7.33 ___ 24057 - 

0.290 12.39 
0.290 3.18 - 0.290 7.79 

- 

Reccber): a f t e r  Semi-log 5.49 ? 18013 ? 
i n j e c t i o n  w i t h  4.12 ? 13518 ? 0.350’ 

8.01 26281 8 . 3 2 ~ 1 e - ~  1 . 9 2 ~ 1 0 - ~  0.269+ 10 
8.01 26281 7.00xlO 1.61~10-~ 0.280 10 

-3 

0.235 

E - K  No good match 

0.246+ I n j e c t i o n  Ssmi-log T h e r e  are enough daQ9 .  
wi th  1,000 
lit= s/nin Log-Log 8.58 28151 6.10~10-~ 1 . 4 1 ~ 1 0 - ~  0.198 10 

(Rameyl 

E - K  4.63 15193 
11.23 36860 
7.93 - 26026 - 

0.190 3.39 
0.199 14. 68 
0,195 3. i a  - - 

0,298+ InJ  e c t i c n  Semi-Log T h e r e  a re  no t  enough d a t a .  

-3 wi th  600 

-3 l i t r e s / m i n  Ljg-Lag 6.31 20703 8. L i x i e  1 . 9 4 ~ 1 0 - ~  0.272 5 
IR=fley) 9.38 30776 8.OxlO 1. w ~ ~ o - ~  0.261 10 

E - K  9.81 32193 
5.34 17510 
7.57 - 24852 - 

0.254 10.15 
0.248 4.41 

7.28 0.251 - - 

Average 
Representa  
t i v e  
Values 

-3 
8.82 -3 

8.00 26248 7.36xlC 1 . 7 0 ~ 1 0  0.250 

+ C a l c u l a t e d  using t h e  d a t a  on t h e  u n i t  s lope  p a r t  of the log-log p l o t s .  

NOTES : 1 E-ti s t a n d  Cor a n a l y s i s  u s i n g  E a r l o w h e r  + Kersch C:LITVES (2).  . Skin v a l u e s  &‘?ere o b t a i n e d  
by a s s u n i n g  (4 = 0.1 and c = 5.7 x 10-3 (tig/cm2)-i . h = 910 m. 

FigLirE; b n d a i n e a  are the e v e r e g e  v a i u e z  o b t a i n e d  u s i n q  E a r l o u a h e r  + Kersch C U n ’ e S .  

t 
2 
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TABLE I11 

RESULTS CF THE AWLYSIS ff THE TESTS 

WITH THE WELL AT 2450 M. 

Test A n a l y s i s  
Methcd 

C s K h I r  d h c t  

d.m./cp md.ft /cp mlkglcmi! f t / p s i  b b l / p s i  

I n j e c t i o n  Semi-log There  are not ienough d a t a  
w i t h  

9.38 
0.262 

13.66 x l e 3  3.15 10-3 0.256 I O  30776 

6.20 2035'1 
15.25 501 5'1 

IO. 00 
8.53 27577 

32826 -. - 

0.210 3.55 
0.230 18.45 
0.220 6.96 
0.220 0.87 --  

Recovery Semi-log There are n o t  cnough d a t a  
a f ter  iq- 0.269 
j e c t i o n  Log-log 6.75 22145' 15.52 X 3.58 x IC-3 0.267 5 
with 600 IRamev) . _  
l i t r e s / m i n  

E - K  9.14 300001 
0.99 29500 

29750 9.03 - - 
0.255 5.73 
0.236 5.77 
0.245 5.75 - -  

9.32 ? 3 I n j e c t i o n  E -K 
with  IOOC 
l i t r e s / m i n  0.370 ? 

- 
0.345 ? 4 . 7 ~  0590 ? 

8.90 28856 14.56 x 10-3 3.37 x 10-3 0.248 7.31 Average 
Representa-  
t i v e  Values 

* C a l c u l a t e d  us ing  t h e  d a t a  on t h e  u n i t  s l o p e  p a r t  of t h e  log-log p l o t s .  

NOTES: 1.  E-K s t a n d  f o r  a n a l y s i s  u s i n g  E a r l o u y h s r  + Kersh c u r y e s  (2). 
assmix !d = 0.1 and ct= 5.7 x lG-5 (Kg/cm2)-'!, h = 250 m. 

S k i n  v a l u e s  were obta ined  by 

2. Figuires u n d e r l i n e 6  are h e  a v e r a g e  v a l u e s  o b t a i n e d  u s i n g  Ear lougher  + Kersch curves. 
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Appendix A :  
Formulae Used : 

Conventional i l eservo i r  
Engineering U n i t s  

PD = &pkh 
141.2 q 8 p  

C = q 0  At 
24 Ao 

m = 162.6 q ) c 0  
Kh 

t = [200000 + 12000 SI 
1 

Flou. efficiency = 6 - pwf - Aps = 1- APS 
7 ; - pwf P - pwf 

b3 = 0.07 m . s .  

M e t r i c  
U n i t s  

c = w Vsc 0 At 
OP 

m = 0 . 9 5 R  vsc q BP 
Kh 

t = ~200000 + 12000 31 
3281 ( k h / p )  
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