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PRELIMINARY TEST RESULTS OF THE FIRST GEOPmSSUFED-GEOTHERMAL 

DESIGN WELL, BRAZORIA COUNTY, TEXAS 

R. C .  MacDonald 
M.H. Dorfman 

The U n i v e r s i t y  of  Texas a t  A u s t i n  

INTRODUCTION 

The P l e a s a n t  Bayou /I2 Geopressured-Geothermal t es t  w e l l  w a s  
completed i n  t h e  summer of 1979. The C sand of t h e  F r i o  f o r m a t i o n  
w a s  s e l e c t e d  f o r  comple t ion  on t h e  b a s i s  of c o r e  a n a l y s i s ,  w e l l  l o g s ,  
and d r i l l s t e m  tests.  The pu rpose  of t h i s  paper  i s  t o  summarize t h e  
r e s u l t s  of t h e  s h o r t  t e r m  p r o d u c t i o n  tes ts  r u n  on t h e  P l e a s a n t  Bayou 
112 w e l l  d u r i n g  1979 and t h e  F a l l  o f  1980. These tests were ana lyzed  
u s i n g  c o n v e n t i o n a l  t r a n s i e n t  p r e s s u r e  tes t  a n a l y s i s  methods.  

The most s i g n i f i c a n t  t e s t  r u n  d u r i n g  1979 w a s  a t e n  day drawdown 
tes t  from December 3 t o  December 14 fo l lowed  by a 20 day  b u i l d u p  
p e r i o d ,  d u r i n g  which r e s e r v o i r  p r e s s u r e  r e s p o n s e  w a s  obse rved .  A f t e r  
a h i a t u s  of n i n e  months,  a second p r o d u c t i o n  t es t  w a s  conducted o v e r  
a p e r i o d  of 45 d a y s  beg inn ing  on September 1 6 ,  1980. The w e l l  w a s  
s h u t  i n  on October 31,  1980. P r e s s u r e  b u i l d u p  d a t a  c o n t i n u e s  t o  b e  
mon i t e red .  

Both p r o d u c t i o n  tests i n d i c a t e  a f o r m a t i o n  p e r m e a b i l i t y  of 200 
m i l l i d a r c i e s .  The p r e s e n c e  of a p e r m e a b i l i t y  i n t e r r u p t i o n  l o c a t e d  
a p p r o x i m a t e l y  3700 f e e t  from t h e  w e l l b o r e  i s  a l s o  sugges t ed  by t h e s e  
t e s t s .  

During the l a s t  p r o d u c t i o n  t e s t ,  a producing gas-water r a t i o  of 
20 s t a n d a r d  c u b i c  f e e t  pe r  b a r r e l  of produced water w a s  obse rved .  An 
a d d i t i o n a l  9-12 s t a n d a r d  c u b i c  f e e t  of g a s  p e r  b a r r e l  w a s  found i n  
t h e  water downstream of t h e  s e p a r a t o r .  The t o t a l  gas-water r a t i o  of 
29-32 SCF/bbl i s  i n  r e a s o n a b l e  agreement w i t h  l a b o r a t o r y  d a t a  and 
c o r r e l a t i o n s  f o r  t h i s  produced b r i n e .  

The major growth f a u l t  which forms t h e  r e s e r v o i r  boundary t o  t h e  
no r thwes t  of t h e  w e l l  i s  e v i d e n t  from t h e  p r e s s u r e  drawdown d a t a  
o b t a i n e d  d u r i n g  t h e  l a s t  p r o d u c t i o n  p e r i o d .  The l a s t  p r o d u c t i o n  tes t  
a l s o  i n d i c a t e s  a n  a p p a r e n t  r a t e  dependent  s k i n  e f f e c t .  

RESERVOIR PARAMETERS 

The C sand r e s e r v o i r  i s  s e p a r a t e d  from t h e  o t h e r  sand members of 
t h e  F r i o  f o r m a t i o n  by s h a l e  zones .  A s  shown on t h e  i s o p a c h  map of t h e  
C sand = f t e r  Bebout e t  a1 ( l ) ,  F i g u r e  1 ,  t h e  r e s e r v o i r  i s  approxim3:ely 
30  m i l e s  long i n  t h e  sou thwes t -no r theas t  d i r e c t i o n  a l o n g  t h e  major  
growth f a u l t  which bounds t h e  r e s e r v o i r  and a v e r a g e s  5 m i l e s  i n  w i d t h  
p e r p e n d i c u l a r  t o  t h i s  major  f a u l t .  The C sand r e s e r v o i r  body may b e  
fragmented by c r o s s  f a u l t i n g  p e r p e n d i c u l a r  t o  t h e  major  f a u l t .  However, 
t h e  e f f e c t s  of t h i s  c r o s s  f a u l t i n g  on r e s e r v o i r  c o n t i n u i t y  must a w a i t  
t h e  r e s u l t s  of f l o w  t e s t i n g  ove r  extended p r o d u c t i o n  p e r i o d s .  
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The C sand found i n  t h e  P l e a s a n t  Bayou # 2  w e l l  is 60 f e e t  t h i c k  
w i t h  a p o r o s i t y  of 17.6% determined from s t a n d a r d  c o r e  a n a l y s i s .  
Compaction c o e f f i c i e n t s  on t h e  o r d e r  of 5 x p s i - l  have been 
r e p o r t e d  by Gray e t  a1 ( 4 )  f o r  t h e  r e s e r v o i r  sand.  However, t h e s e  
i n v e s t i g a t o r s  have noted  that t h i s  material  e x h i b i t s  c r e e p  behavior  
and t h e r e f o r e  c a u t i o n  must b e  observed when u s i n g  t h e s e  d a t a  under  
t h e  assumpt ion  of e las t ic  r o c k  behavior .  Water p r o p e r t i e s  have been 
computed from c o r r e l a t i o n s  (3) assuming a g a s  s a t u r a t e d  b r i n e  
c o n t a i n i n g  130,000 ppm of d i s s o l v e d  s o l i d s .  The f o l l o w i n g  t a b l e  
summarizes t h e  d a t a  used i n  t h e  t r a n s i e n t  p r e s s u r e  test c a l c u l a t i o n s :  

R e s e r v o i r  t h i c k n e s s  60 f e e t  
Average p o r o s i t y  17 -6% 
U n i a x i a l  compaction c o e f f i c i e n t s  
P o r e  c o m p r e s s i b i l i t y  
Water c o m p r e s s i b i l i t y  
Water v i s c o s i t y  0.25 c p  
Water format ion  volume f a c t o r  1 .05  RB/STB 
Wellbore r a d i u s  3 . 5  i n c h e s  

5 x 10-7 ps i -1  
2 . 3  x 10-6 p s i - l  
4 x 10-6 ps i -1  

PRODUCTION TEST DATA 

Clark ( 2 )  has summarized the  p r o d u c t i o n  tes t  i n f o r m a t i o n  obtained 
d u r i n g  t h e  i n i t i a l  p e r i o d  i n  1 9 7 9 .  The f i r s t  p r o d u c t i o n  from t h e  w e l l  
occur red  on J u l y  9-10, 1 9 7 9 ,  immediately a f t e r  t h e  w e l l  w a s  p e r f o r a t e d .  
S u r f a c e  p r e s s u r e  measurements w e r e  t a k e n  a s  t h e  p r e s s u r e  gauge would 
n o t  o p e r a t e  a t  bottom h o l e  c o n d i t i o n s .  Clean up of t h e  p e r f o r a t i o n s  
d u r i n g  t h i s  f low per iod  caused i n t e r f e r e n c e  w i t h  t h e  test r e s u l t s .  

From November 1 5  t o  November 18, 1979, three p r o d u c t i o n  p e r i o d s  
o c c u r r e d ,  t h e  f i r s t  two of r a t h e r  s h o r t  d u r a t i o n .  The t h i r d  f l o w  
p e r i o d  l a s t e d  over  2 d a y s  and provided t h e  f i r s t  s i g n i f i c a n t  t es t  
d a t a .  Problems w j t h  t h e  bottom h o l e  p r e s s u r e  gauge f o r c e d  t h e  term- 
i n a t i o n  of t h i s  test .  The w e l l  w a s  a g a i n  put  on p r o d u c t i o n  on 
November 23, 1979, and was s h u t - i n  on November 25 due  once  a g a i n  t o  
gauge problems, T h i s  t e s t i n g  p e r i o d  served  p r i m a r i l y  a s  a check 
o u t  of t h e  equipment and procedures ,  as w e l l  a s  p r o v i d i n g  p r e l i m i n a r y  
r e s e r v o i r  d a t a .  

The . f i r s t  s u b s t a n t i a l  f low p e r i o d  f o r  t h e  w e l l  occur red  f rom 
December 3 ,  1 9 7 9  t o  December 1 4 ,  1979. During t h i s  t e n  day p e r i o d ,  
t h e  w e l l  produced a t  a n  a v e r a g e  r a t e  of approximate ly  13,500 b a r r e l s  
per  day. During t h i s  t es t ,  it w a s  n e c e s s a r y  t o  p e r i o d i c a l l y  move 
t h e  p r e s s u r e  gauge i n  t h e  w e l l  and,  t h u s ,  t h e  p r e s s u r e  i n f o r m a t i o n  
i s  somewaht s u s p e c t  , a l t h o u g h  l a t e r  tes ts  have confirmed t h e  g e n e r a l  
v a l i d i t y  of t h e  r e s u l t s  ob ta ined  from t h i s  drawdown p e r i o d .  

The f i r s t  d e f i n i t i v e  d a t a  w i t h  r e s p e c t  t o  r e s e r v o i r  p r o p e r t i e s  
w a s  ob ta ined  Irom t h e  p r e s s u r e  bui ldup  behavior  observed a f t e r  t ,he  
December 3 - 1 4  t e n  day product ion  t e s t .  T h i s  d a t a  i s  p r e s e n t e d  i n  
F i g u r e  2 i n  t h e  form of t h e  c o n v e n t i o n a l  Horner p l o t ,  i n  which t h e  
l o g a r i t h m  o$ t h e  t ime f a c t o r  

T + A t  

bt 
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is  p l o t t e d  a g a i n s t  t h e  obse rved  p r e s s u r e s .  The f l o w i n g  time, T, i s  
t a k e n  as  t h e  c u m u l a t i v e  p r o d u c t i o n  d i v i d e d  by t h e  l a s t  s u s t a i n e d  
f l o w r a t e  b e f o r e  c l o s i n g  i n  t h e  w e l l .  The t i m e  a f t e r  s h u t i n ,  A t ,  
c o r r e s p o n d s  t o  t h e  measured b o t t o m h o l e  p r e s s u r e  o b s e r v a t i o n s .  I n  
t h i s  case, t h e  c u m u l a t i v e  p r o d u c t i o n  w a s  t a k e n  to b e  240,000 b a r r e l s ,  
which  i n c l u d e s  a l l  p r o d u c t i o n  f rom tes ts  s i n c e  J u l y  1979.  The l a s t  
s u s t a i n e d  p r o d u c t i o n  ra te  was 13 ,650  b a r r e l s  p e r  d a y ,  r e s u l t i n g  i n  a n  
e q u i v a l e n t  Horner  f l o w  time o f  422 h o u r s .  

Beg inn ing  on  September  1 6 ,  1980,  a 45  d a y  v a r i a b l e  r a t e  p r o d u c t i o n  
tes t  w a s  c a r r i e d  o u t .  The p r o d u c t i o n  r a t e  s c h e d u l e  f o r  t h i s  t e s t  i s  
g i v e n  below: 

P r o d u c t i o n  Rate 
T i m e  P e r i o d  A t  (Hours) ( b b l s / d a y )  

S e p t  1 6  11:30 am 127 
S e p t  2 1  7 :50  pm 232 
Oct 1 11:OO a m  67 
Oct 4 6:OO a m  103 
O c t  8 1 2 : 4 5  a m  5 5 s  
Oct  31 5:32 a m  t o  p r e s e n t  

6750 
10920 
191 02 
14060 
13500 

w e l l  s h u t  i n  

The r e s u l t s  o f  t h i s  m u l t i r a t e  drawdown tes t  a r e  g i v e n  i n  F i g u r e  3 ,  i n  
which  t h e  d a t a  has been r educed  by t h e  s u p e r p o s i t i o n  p r i n c i p l e  a s  
d i s c u s s e d  by E a r l o u g h e r  ( 3 )  t o  a p l o t  o f  

I f  o n l y  o n e  f l o w r a t e  o c c u r r e d  i n  t h e  t es t ,  t h e n  t h i s  p l o t  would r e d u c e  
d i r e c t l y  t o  t h e  more f a m i l i a r  p l o t  of  p r e s s u r e  drawdown v e r s u s  t h e  
l o g a r i t h m  of  t h e  time. The i n i t i a l  p r e s s u r e  f o r  t h i s  t e s t  w a s  measured  
as  11116 p s i g  @ 14560 f e e t .  

The w e l l  w a s  c l o s e d  i n  on October  31, 1980,  and t h e  p r e s s u r e  
b u i l d u p  d a t a  c o n t i n u e s  t o  b e  m o n i t e r e d .  The Horner  p l o t  of t h i s  
i n f o r m a t i o n  i s  g i v e n  i n  F i g u r e  4 and  i n c l u d e s  d a t a  t h r o u g h  November 
24 ,  1980.  I n  r e d u c i n g  t h i s  b u i l d u p  d a t a ,  i t  w a s  assumed t h a t  t h e  
r e s e r v o i r  had s t a b i l i z e d  o v e r  t h e  10 month p e r i o d ,  s i n c e  t h e  l a s t  
p r o d u c t i o n  i n  December 1979,  and t h a t  o n l y  p r o d u c t i o n  d u r i n g  t h e  
c u r r e n t  t e s t i n g  p e r i o d  would a f f e c t  t h e  p r e s s u r e  b u i l d u p  r e s u l t s .  
The Horner  f l o w  time, T ,  w a s  computed t o  b e  1011 h o u r s  based  on  a 
c u m u l a t i v e  p r o d u c t i o n  s i n c e  September  1 6 ,  1980,  of 568 ,900  b a r r e l s  
of water and a f i n a l  s u s t a i n e d  r a t e  of  13,505 b a r r e l s  p e r  d a y .  

The b u i l d u p  d a t a  o b t a i n e d  i n  December of  1979 and t h e  m u l t i r a t e  
p r o d u c t i o n  t es t  t o g e t h e r  w i t h  t h e  subsequex t  p r e s s u r e  b u i l d u p  d a t a  
form t h e  b a s i s  of t h e  a n a l y s i s  p r e s e n t e d  i n  t h i s  p a p e r .  

FORMATION PERMEABILITY 

Forma t ion  p e r m e a b i l i t y  i s  computed from t h e  s l o p e  of t h e  p r e s s u r e  



-1 08- 

b u i l d u p  o r  drawdown p l o t s  shown i n  F i g u r e s  2 - 4 by t h e  r e l a t i o n s h i p  
( 3 )  : 

162.6 quB 162.6 pB 
k = mh o r  m'h ( 3 )  

where q - p r o d u c t i o n  r a t e  ( b b l s / d a y )  
p - v i s c o s i t y  ( cp )  
B f o r m a t i o n  volume f a c t o r  (RB/STB) 
h - f o r m a t i o n  t h i c k n e s s  ( f e e t )  
m - b u i l d u p  s l o p e  ( p s i / %  ) 
m '  - m u l t i r a t e  drawdown s l o p e  ( p s i / L b b l s / d a y )  

I t  i s  i m p o r t a n t  t o  select  t h e  s l o p e  from p r e s s u r e  d a t a  which i s  no 
l o n g e r  a f f e c t e d  by w e l l b o r e  s t o r a g e  e f f e c t s  caused by f l o w r a t e  changes ,  
b u t  as y e t  i s  n o t  a f f e c t e d  by r e s e r v o i r  b o u n d a r i e s  o r  l a t e r a l  changes 
i n  f o r m a t i o n  p r o p e r t i e s .  The p e r m e a b i l i t y  computed from t h e  t h r e e  
tes ts  i s  a s  f o l l o w s :  

P r o d u c t i o n  Rate m P e r m e a b i l i t y  
Bui ldup T e s t s  ( b b l s / d a y )  ( p s i / % >  (md) 

December 1979 ( F i g u r e  2 )  13650 5 4 . 5  178 

November 1980 ( F i g u r e  4 )  13505 4 8 . 0  2 00 

Drawdown T e s t  
m '  P ermea b il i t  y 

( p s i / %  - b b l s / d a y )  (md 1 

October  1980 ( F i g u r e  3) 0.0034 209 

The somewhat lower p e r m e a b i l i t y  computed from t h e  December 1979 b u i l d u p  
t e s t  d a t a  may b e  t h e  r e s u l t  of  u n c e r t a i n t i e s  i n  t h e  measurement of 
p r o d u c t i o n  ra tes  d u r i n g  t h e  p reced ing  drawdown p e r i o d .  

Based upon t h e s e  r e s u l t s  and d i s c o u n t i n g  t h e  December 1979 t es t ,  
w e  conc lude  t h a t  the  f o r m a t i o n  p e r m e a b i l i t y  i n  t h e  neighborhood of  t h e  
w e l l  i s  200 md. 

FAULTING AND BOUNDARIES 

A p e r c e p t i b l e  change i n  t h e  i n i t i a l  s l o p e  w a s  observed i n  each  
o f  t h e  t h r e e  tes ts  ana lyzed  i n  t h i s  s t u d y .  These s l o p e  changes a r e  
t o o  s u b t l e  t o  b e  c o n s t r u e d  as a boundary o r  a s e a l i n g  f a u l t .  How- 
e v e r ,  t h e y  do i n d i c a t e  t h e  p r e s e n c e  of a change i n  f o r m a t i o n  t r a n s -  
m i s s i v i t y .  The p r e s e n c e  of a non- sea l ing  f a u l t  cou ld  produce such  
an e f f e c t .  The d i s t a n c e  away from t h e  w e l l b o r e  a t  which t h i s  
i n t e r r u p t i o n  might  b e  found can  be  e s t i m a t e d  from t h e  r e l a t i o n s h i p  
g i v e n  by Ea r loughe r  (3) :  

where k - 
t -  
@ -  
1 - I -  

k t  
r i n v  = A . 0 0 1 0 5  @pcTrw2 

p e r m e a b i l i t y  (md) 
time of i n v e s t i g a t i o n  (hour s )  
f o r m a t i o n  p o r o s i t y  
v i s c o s i t y  (cp)  
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-1 c - t o t a l  e f f e c t i v e  c o m p r e s s i b i l i t y  ( p s i  ) 
rT - w e l l b o r e  r a d i u s  ( f e e t )  

W 

The f o l l o w i n g  t a b l e  summarizes  t h e s e  c o m p u t a t i o n s :  

T e s t  Time a t  s l o p e  change  ( h o u r s )  R a d i u s  ( f e e t )  

Dec. 1 9 7 9  
bu i l d u  p 

O c t .  1980 
drawdown 

Nov. 1980 
b u i l d u p  

20 3672 

2 5  4449 

18.4 3733 

A s  o b s e r v e d  on t h e  p l o t s ,  F i g u r e s  2 - 4 ,  t h e  t i m e  a t  wh ich  t h e  
s l o p e  c h a n g e s  i s  open  t o  broad  i n t e r p r e t a t i o n .  Minor c h a n g e s  i n  t h e  
s l o p e  w i l l  s u b s t a n t i a l l y  a l t e r  t h i s  time v a l u e .  It i s  f e l t  t h a t  
t h e  drawdown d a t a  i s  t h e  most  t e n u o u s  i n  t h i s  r e s p e c t ,  and t h u s  
i t  i s  conc luded  t h a t  t h e  a l t e r a t i o n  i n  f o r m a t i o n  t r a n s m i s s i v i t y  
o c c u r s  a t  a d i s t a n c e  of  a p p r o x i m a t e l y  3700 f e e t  f rom t h e  w e l l .  

N e i t h e r  b u i l d u p  t e s t  has i n d i c a t e d  as  y e t  any  e v i d e n c e  of s e a l i n g  
b o u n d a r i e s .  However, t h e  m u l t i r a t e  p r o d u c t i o n  t es t  d a t a  d o e s  
i n d i c a t e  t h e  p r e s e n c e  of a s e a l i n g  f a u l t ,  which w e  i n t e r p r e t  t o  be 
t h e  m a j o r  g rowth  f a u l t  t h a t  bounds t h e  r e s e r v o i r  t o  t h e  n o r t h w e s t .  
The s l o p e  of  t h e  d a t a  t a k e n  d u r i n g  t h e  l a s t  h a l f  o f  t h e  tes t  i s  
0 . 0 0 9 6  p s i / ( %  - b b l s / d a y )  as compared L O  a c o n s i s t e n t  of 0.0053 
p s i / ( %  : b b l s / d a y ) )  s l o p e  b e f o r e  t h i s  time. The v i r t u a l  
d 3 u b l i n g  of  t h e  s l o p e  i s  u s u a l l y  i n t e r p r e t e d  a s  i n d i c a t i n g  a 
s e a l i n g  boundary .  De te rmin ing  t h e  p rec ise  time a t  which  t h e  c h a n g e  
i n  s l o p e  o c c u r s  i s  made d i f f i c u l t  by t h e  m u l t i r a t e  e f f e c t  on  t h e  
g e n e r a t i o n  of t h e  reduced  d a t a  used  i n  t h e  drawdown a n a l y s i s .  A 
t i m e  v a l u e  of  530 h o u r s  was s e l e c t e d  a s  t h e  b e s t  e s t i m a t e  o f  t h e  
t i m e  when t h e  s l o p e  change  o c c u r s .  T h i s  v a l u e  c o r r e s p o n d s  t o  a 
d i s t a n c e  o f  i n v e s t i g a t i o n  of 3 . 9  m i l e s  which  a g r e e s  r e a s o n a b l y  w e l l  
w i t h  t h e  g e o l o g i c a l  i n t e r p r e t a t i o n  of t h e  g r o w t h  f a u l t .  The 
b u i l d u p  d a t a  p r e s e n t l y  b e i n g  mon i t e red  s h o u l d  p r o v i d e  more  d e f i n i t i v e  
r e s u l t s  i n  t h i s  r e g a r d .  

S K I N  EFFECT 

A n a l y s i s  of  t h e  r e c e n t l y  conc luded  m u l t i r a t e  p r o d u c t i o n  t es t  
s u g g e s t s  that a p p a r e n t  n e a r  w e l l  damage e f f e c t s  ( i . e . ,  t h e  s k i n  
e f f e c t s )  a r e  dependen t  on t h e  p r o d u c t i o n  r a t e .  The s k i n  e f f e c t  may 
be  computed from t h e  p r e s s u r e  drawdown e q u a t i o n  as  documented by 
E a r l o u g h e r  ( 3 )  : 

k t  
P .-P = m [ l o g l o  ( @pcTrw- ) - 3 - 2 3  + 0 . 8 7 s  ] 
1 w f  ( 7 )  

It  i s  t h e  u s u a l  c o n v e n t i o n  t o  select  t h e  drawdown t i m e  a s  o n e  h o u r ,  o r  

k t  
) - 3.23 + 0 . 8 7 s  ] ( 8 )  - 

- [ l o g l o  ( GpcTrwZ 1 wf (1 hour )  
b = P.-P  
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where P i s  t h e  p r e s s u r e  i n f e r r e d  from t h e  s t r a i g h t  l i n e  
portionw5k1tku82awdown p l o t  a t  a f l o w  time of one hour.  
case of a m u l t i r a t e  t e s t ,  t h e  a n a l y s i s  i s  similar except  that b o t h  
t h e  s l o p e ,  m ,  and t h e  i n t e r c e p t  ( i . e . ,  t = 1 h o u r ) ,  b ,  are 
normal ized  w i t h  r e s p e c t  t o  t h e  l a s t  f l o w r a t e  

I n  t h e  

m 

% 
m '  = - 

and t h e  s k i n  f a c t o r  i s  computed as  

( 5 )  

A s  shown i n  F i g u r e  3 ,  t h e  i n i t i a l  f low per iod  of t h e  drawdown 
test  e x h i b i t s  a s l o p e  of 0.0034 ps i / (? .  - bbls /day)  and an  i n t e r c e p t  
of 0.0316 p s i / ( b b l s / d a y ) .  The s k i n  e f f e c t  computed from t h e  above 
e q u a t i o n  f o r  t h e s e  c o n d i t i o n s  i s  2.96 i n d i c a t i n g  moderate  w e l l  
damage. 

The method of s u p e r p o s i t i o n  i s  used  t o  a n a l y z e  t h e  e f f e c t s  of 
t h e  m u l t i p l e  p r o d u c t i o n  ra tes  on t h e  drawdown behavior .  As such ,  
t h e  p l o t  o f ,  

should be a c o n t i n u o u s  p r o g r e s s i o n  of p o i n t s .  However, a s  observed 
i n  F i g u r e  3 t h e r e  i s  a n o t i c e a b l e  upward d i s c o n t i n u o u s  s h i f t  i n  t h e  
da t a  a s  t h e  p r o d u c t i o n  r a t e  i s  s t e p w i s e  i n c r e a s e d .  The s l o p e  of 
each c u r v e  d o e s  remain t h e  same. W e  have i n t e r p r e t e d  t h i s  
behavior  as a n  i n d i c a t i o n  of a r a t e  dependent s k i n  e f f e c t .  

The s k i n  f a c t o r  f o r  each f l o w r a t e  has been computed from 
e q u a t i o n  8 by e x t r a p o l a t i n g  a v a l u e  f o r  t h e  i n t e r c e p t  b ' ,  t a k i n g  
i n t o  account  t h e  change i n  s l o p e  observed d u r i n g  t h e  i n i t i a l  f low 
p e r i o d .  The s k i n  f a c t o r s  computed are:  

F l o w r a t e  Skin 
( b b l s / d a y )  F a c t o r  

67 50 
10920 
191 00 

2.96 
4.96 
6.98 

These s k i n  f a c t o r s  a r e  p l o t t e d  v e r s u s  product ion  r a t e  i n  F i g u r e  5. 
Also shown on F i g u r e  5 a r e  t h e  s k i n  f a c t o r s  computed from each  of 
the b u i l d u p  tes ts .  The bui ldup  tes t  s k i n  f a c t o r s  f a l l  below t h e  
m u l t i r a t e  drawdown t r e n d ,  bu t  a r e  g r e a t e r  t h a n  t h e  i n i t i a l  low 
f l o w r a t e  s k i n  f a c t o r .  
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The most p l a u s i b l e  e x p l a n a t i o n  f o r  t h i s  behav io r  i s  t h e  p o s s i b -  
i l i t y  t h a t  p a r t i c l e  f i n e s  loosened  i n  t h e  f o r m a t i o n  n e a r  t h e  w e l l -  
b o r e  d u r i n g  d r i l l i n g  and comple t ion  are  pushed i n t o  p o r e  t h r o a t s  
a t  h i g h  p r o d u c t i o n  rates, t h u s  r educ ing  t h e  p e r m e a b i l i t y  n e a r  t h e  
w e l l .  

An a l t e r n a t i v e  e x p l a n a t i o n  may be  t h a t  non-darcy o r  ' t u r b u l e n t '  
f l ow o c c u r s  n e a r  t h e  w e l l  a t  h i g h e r  f l o w r a t e s .  For t h i s  t o  o c c u r ,  
o n l y  a r e l a t i v e l y  s m a l l  p o r t i o n  of t h e  p e r f o r a t e d  in te rva l  c o u l d  
be  open t o  f l o w  i n o r d e r  t o  g e n e r a t e  l o c a l i z e d  f l u i d  v e l o c i t i e s  
h i g h  enough t o  c a u s e  t h e  non-darcy e f f e c t .  Furthermore,  i f  it w e r e  
p o s t u l a t e d  t h a t  o n l y  a few f e e t  of p e r f o r a t i o n s  were open t o  f l o w ,  
t h e n  t h e  s k i n  e f f e c t  caused by l i m i t e d  e n t r y  a l o n e  would be  
s u b s t a n t i a l l y  h i g h e r  t h a n  t h a t  obse rved .  

The e f f e c t s  of g a s  e v o l u t i o n  abou t  t h e  w e l l b o r e ,  shou ld  it o c c u r ,  
would n o t  e x p l a i n  t h e  observed behav io r  s i n c e  t h e  accumula t ion  
p r o c e s s  i s  a g r a d u a l  one  r a t h e r  t h a n  a n  a b r u p t  t r a n s i t i o n  a s  
i n d i c a t e d  by t h e  test  d a t a .  

FUTURE TESTING 

I n  t h e  s h o r t  term, t h e  p r e s s u r e  bu i ldup  f o l l o w i n g  t h e  l a s t  4 5  day  
p r o d u c t i o n  t es t  w i l l  c o n t i n u e  t o  be  mon i t e red .  It i s  hoped t h a t  a 
b u i l d u p  p e r i o d  of a t  l ea s t  90 d a y s  will b e  observed b e f o r e  
recommencement of p r o d u c t i o n ,  so t h a t  t h e  maximum amount of r e s e r v o i r  
i n f o r m a t i o n  such a s  t h e  p r e s e n c e  of boundar i e s  and p o t e n t i a l  reser- 
v o i r  d e p l e t i o n  c a n  be e x t r a c t e d .  Although t h e  s e n s i t i v i t y  o f  t h e  
p r e s s u r e  measurements a r e  e x c e l l e n t  , t h e  d e g r e e  of a c c u r a c y  i n  t h e  
measurements n e c e s s a r y  t o  d e t e c t  d e p l e t i o n  a t  t h e  c u r r e n t  cumula- 
t i v e  p r o d u c t i o n  l e v e l  i s  q u e s t i o n a b l e .  Note t h e  p r e s s u r e  d i s c o n -  
t i n u i t y  shown i n  F i g u r e  4 a t  t h e  l a t e  time bu i ldup  d u e  t o  p u l l i n g  
and r e r u n n i n g  t h e  p r e s s u r e  gauge i n  t h e  h o l e  f o r  n e c e s s a r y  
m a  i n  t enanc e. 

T h e  m o s t  c r u c i a l  r e s e r v o i r  d a t a  to be  o b t a i n e d  w i l l  r e q u i r e  an 
extended p r o d u c t i o n  p e r i o d .  S p e c i f i c a l l y ,  t h e  c o n t i n u i t y  of t h e  
r e s e r v o i r  l a t e r a l l y  a long t h e  growth f a u b  and t h e  o v e r a l l  a rea l  
e x t e n t  of t h e  r e s e r v o i r  must be d e t e c t e d  by d e p l e t i o n .  The c o n t r i b -  
u t i o n  of w a t e r  from t h e  c o n t i g u o u s  s h a l e  zones and t h e  a c c e s s i b i l i t y  
of o t h e r  s a n d s  th rough  t h e  shale zones w i l l  r e q u i r e  extended produc- 
t i o n  and r e s e r v o i r  p r e s s u r e  m o n i t o r i n g .  

F i n a l l y  t h e  i n  s i t u  e f f e c t s  of r e s e r v o i r  compaction on r e s e r v o i r  
p r o d u c t i o n  may o n l y  become e v i d e n t  a f t e r  a s u b s t a n t i a l  p r e s s u r e  
drawdown is  o b t a i n e d  i n  t h e  r e s e r v o i r .  

The a n a l y s i s  of long t e r m  p r o d u c t i o n  behav io r  and the.  e f f e c t s  
d e s c r i b e d  above w i l l  r e q u i r e  t h e  u s e  of r e s e r v o i r  s i m u l a t i o n  models.  

A n a l y s i s  of tes t  d a t a  from t h e  P l e a s a n t  Bayou # 2  w e l l  completed 
i n  t h e  F r i o  C sand i n d i c a t e s :  
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(1) The r e s e r v o i r  p e r m e a b i l i t y  i s  approximate ly  200 md.  
(2)  The producing gas-water r a t i o  i s  20 SCF/Barrel  and t h e  t o t a l  

gas-water r a t i o  is  29 t o  32 SCF/Barrel .  
(3)  A p e r m e a b i l i t y  a l t e r a t i o n  d u e  t o  a change i n  sand character- 

is t ics  o r ,  a l t e r n a t i v e l y ,  a non-seal ing f a u l t  i s  l o c a t e d  
a b o u t  3700 f e e t  from t h e  w e l l .  

( 4 )  The major  growth f a u l t  t h a t  bounds t h e  r e s e r v o i r  t o  t h e  n o r t h  
is  e v i d e n t  i n  t h e  l a s t  m u l t i r a t e  p r e s s u r e  drawdown t e s t  d a t a .  

(5) An a p p a r e n t  ra te  s e n s i t i v e  s k i n  e f f e c t  has been i n t e r p r e t e d  
from t h e  m u l t i r a t e  p r o d u c t i o n  test d a t a .  

(6 )  Moderate skin damage i n  t h e  w e l l  h a s  been determined from 
each of t h e  p r e s s u r e  t r a n s i e n t  tests.  

NOMENCLATURE 

B - f o r m a t i o n  v a l u e  f a c t o r  (RB/STB) 
b - i n t e r c e p t  of drawdown test  ( p s i )  
b ' -  i n t e r c e p t  of m u l t i r a t e  drawdown tes t  ( p s i / ( b b l s / d a y )  
c - t o t a l  e f f e c t i v e  c o m p r e s s i b i l i t y  ( l / p s i )  
h - f o r m a t i o n  t h i c k n e s s  ( f e e t )  
k - f o r m a t i o n  p e r m e a b i l i t y  (md) 
m - bui ldup  o r  drawdown s l o p e  ( p s i / % )  
m ' -  m u l t i r a t e  drawdown s l o p e  ( p s i / ( %  - b b l s / d a y ) )  
P . -  i n i t i a l  s t a t i c  r e s e r v o i r  p r e s s u r e  ( p s i g )  

- f lowing  bot tomhole w e l l  p r e s s u r e  ( p s i g )  
q - f l o w r a t e  ( b b l s / d a y )  

T 

1 

pwf 

r - r a d i u s  of i n v e s t i g a t i o n  ( f e e t )  
r - r a d i u s  of t h e  w e l l b o r e  ( f e e t )  inv  

W 
S - s k i n  f a c t o r  
T - Horner f l o w  time (hours )  
t - time s i n c e  s ta r t  of  f l o w  (hours )  

A t  - time s i n c e  s h u t - i n  (hours )  
1-1 - v i s c o s i t y  

s u b s c r i p t s  j ,  N - i n d i c a t e  time p e r i o d s  
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