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ABSTRACT 

Two t h r e e  d i m e n s i o n a l  (3-D) seismic s u r v e y s  
a r e  t o  be  p e r f o r m e d  t o  i n v e s t i g a t e  t h e  g e o p r e s -  
s u r e d - g e o t h e r m a l  r e s e r v o i r  of t h e  Dow/DOE Sweezy 
No. 1 w e l l ,  P a r c p e r d u e  L o u i s i a n a .  3-D s u r v e y s  are 
s u p e r i o r  t o  2-D s u r v e y s  f o r  r e a s o n s  of p o s i t i o n i n g  
of  r e f l e c t i o n s  on  d i s p l a y s ,  a v a i l a b i l i t y  of d a t a  
s u r f a c e s  a n d  d e c r e a s e d  i n t e r f e r e n c e  of d a t a .  Two 
s u r v e y s  are t o  be  per formed and  s p e c i a l l y  pro- 
c e s s e d  t o  d e t e c t  t h e  a c t u a l  volume of  t h e  reser- 
v o i r  which  y i e l d s  f l u i d s  upon p r o d u c t i o n .  P a r t  
of t h e  s p e c i a l  p r o c e s s i n g  i s  s u b t r a c t i o n  of  t h e  
f i r s t  s u r v e y ,  p r e - p r o d u c t i o n ,  from t h e  second s u r -  
v e y ,  p o s t  p r o d u c t i o n .  I f  s u c c e s s f u l ,  t h e s e  t e c h -  
n i q u e s  promise  t o  a i d  t h e  i n d u s t r y  i n  e f f i c i e n t  
p r o d u c t i o n  of g e o p r e s s u r e d - g e o t h e r m a l  r e s e r v o i r s .  

INTRODUCTION 

The Dow/DOE Sweezy No. 1 w e l l  i n  P a r c p e r d u e  
L o u i s i a n a  is  a d e s i g n e d  g e o p r e s s u r e d - g e o t h e r m a l  
t es t  w e l l .  I t  i s  t o  t e s t  a s a n d  a t  13370 f t  known 
as  t h e  C i b  J e f f  ( C i b i c i d e s  J e f f e r s o n e n s i s )  sand .  
One of t h e  main  p u r p o s e s  of t h i s  t es t  w e l l  is  t o  
g a i n  p r o d u c t i o n  d a t a  on  a g e o p r e s s u r e d  sand  of 
known volume. The small r e s e r v o i r  a t  P a r c p e r d u e  
w a s  c h o s e n  so  t h a t  d a t a  c o u l d  b e  o b t a i n e d  f rom 
b e g i n n i n g  t o  d e p l e t i o n  of t h e  p r e s s u r e  d r i v e  i n  a 
r e a s o n a b l e  p e r i o d  of t i m e .  I t  i s  e x p e c t e d  t h a t  
t h e  p r e s s u r e  i n  t h i s  w e l l  w i l l  b e  d e p l e t e d  from 
a b o u t  12000 p s i  t o  a b o u t  8000 p s i  i n  n i n e  months 
t o  a y e a r .  

I n  o r d e r  f o r  t h e  d a t a  t o  be e x t r a p o l a t e d  t o  
l a r g e r  r e s e r v o i r s ,  which may t a k e  on  t h e  o r d e r  of 
t w e n t y - f i v e  y e a r s  t o  s i m i l a r l y  d e p l e t e ,  t h e  volume 
of t h e  P a r c p e r d u e  r e s e r v o i r  is  needed. T h i s  reser- 
v o i r  w a s  c h o s e n  b e c a u s e  i t s  e x t e n t  i s  uncommonly 
w e l l  documented by b o t h  e x i s t i n g  w e l l  c o n t r o l  a n d  
e x i s t i n g  CDP (common d e p t h  p o i n t )  seismic l i n e s .  
( F i g u r e  1 )  However, e v e n  maps b a s e d  on  as much 
c o n t r o l  a s  t h a t  i n  f i g u r e  1 i n v o l v e  c o n s i d e r a b l e  
i n t e r p o l a t i o n  be tween c o n t r o l  p o i n t s  many hun- 
d r e d s  t o  t h o u s a n d s  of f e e t  a p a r t  and  e x t r a p o l a -  
t i o n  i n t o  r e g i o n s  of  n o  c o n t r o l .  I n  a d d i t i o n  t h e  
p o s s i b i l i t y  of  p e r m e a b i l i t y  b a r r i e r s  w i t h i n  t h e  
s u p p o s e d  r e s e r v o i r ,  y e t  u n d e t e c t a b l e  by w e l l  c o n t r o l  
o r  t h e  a v a i l a b l e  seismic d a t a ,  s t i l l  exis ts  a n d  may 
h a v e  m a j o r  e f f e c t s  o n  t h e  t r u e  p r o d u c i n g  volume 
of  t h e  r e s e r v o i r .  T h i s  p a p e r  i s  a b r i e f  d e s c r i p -  
t i o n  of a p r o j e c t  which i s  i n  p r o g r e s s  t o  b e t t e r  
d e t e r m i n e  t h e  t r u e  p r o d u c i n g  volume of t h e  Parc-  
p e r d u e  r e s e r v o i r .  To a c c o m p l i s h  t h i s  g o a l  w e  are 
p e r f o r m i n g  two t h r e e - d i m e n s i o n a l ,  3-D, s u r v e y s  of  
t h e  a rea . . .one  b e f o r e  f l u i d  p r o d u c t i o n  and  one  
a f t e r  p r o d u c t i o n .  

Advantages  of Three-d imens iona l  S e i s m i c  S u r v e y s  

T h r e e  d i m e n s i o n a l  seismic s u r v e y s  a l l o w  t h e  
r e f l e c t i o n  p o i n t s  t o  be p u t  back  where t h e y  b e l o n g  
i n  three d i m e n s i o n s  n o t  j u s t  two. Two d i m e n s i o n a l  
s u r v e y s  a r e  t y p i c a l l y  a c q u i r e d  w i t h  s o u r c e  p o i n t s  
a n d  r e c e i v e r  p o i n t s  a r r a n g e d  i n  one  l i n e .  I f  t h e  
s u b s u r f a c e  c o n s i s t s  of  f l a t - h o r i z o n t a l  l a y e r s ,  t h e n  
t h e  t r u e  r e f l e c t i o n  p o i n t  f o r  e a c h  s o u r c e - r e c e i v e r  
p a i r  w i l l  be  on t h e  v e r t i c a l  p l a n e  c o n t a i n i n g  t h e  
s o u r c e - r e c e i v e r  l i n e  and  u n d e r  t h e  p o i n t  one-ha l f  
way be tween t h e  s o u r c e  a n d  t h e  r e c e i v e r .  I f  t h e  
s u b s u r f a c e  l a y e r i n g  d e v i a t e s  from th i s  g e o m e t r i c  
r e s t r i c t i o n ,  t h e n  t h e  t r u e  r e f l e c t i o n  p o i n t  w i l l  
n o t  f a l l  u n d e r  t h e  ha l f -way p o i n t .  V a r i o u s  t e c h -  
n i q u e s ,  known g e n e r a l l y  as  two-dimensional migra- 
t i o n  u t i l i z e  i n f o r m a t i o n  from many s o u r c e - r e c e i v e r  
p a i r s  i n  t h e  l i n e  t o  move, o r  m i g r a t e ,  t h e  r e f l e c t e d  
e n e r g y  s o  t h a t  on a two-dimens iona l  d i s p l a y  t h e  
e n e r g y  d o e s  n o t  a p p e a r  s i m p l y  u n d e r  t h e  ha l f -way 
p o i n t  b u t  a p p e a r s  i n  a p o s i t i o n  c o n s i s t e n t  w i t h  
t h e  component of d i p  of  t h e  r e f l e c t i n g  h o r i z o n s  
which i s  a l o n g  t h e  s u r v e y  l i n e .  The e f f e c t  of 
c r o s s - d i p ,  component of t h e  d i p  of  h o r i z o n s  per -  
p e n d i c u l a r  t o  t h e  s u r v e y  l i n e ,  c a n n o t  be cor -  
r e c t e d  f o r ,  b e c a u s e  s o u r c e - r e c e i v e r  p a i r s  w i t h  
m i d - p o i n t s  a l o n g  l i n e s  p e r p e n d i c u l a r  t o  t h e  s u r v e y  
l i n e  do n o t  e x i s t .  C o n s e q u e n t l y ,  e n e r g y  which 

F i g .  1 F a u l t  Map a t  C i b  J e f f  l e v e l  showing w e l l  
a n d  seismic c o n t r o l .  R e s e r v o i r  a p p a r e n t l y  bounded 
by f a u l t s  A ,  B and  C. Adapted from Depar tment  of 
Energy  (1980) .  
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PARCPERDUE TEST WELL 

w a s  a c t u a l l y  r e f l e c t e d  from p o i n t s  n o t  i n  t h e  
p l a n e  of t h e  s o u r c e - r e c e i v e r  l i n e  m u s t ,  by d e f a u l t ,  
be  i l l u s t r a t e d  i n  t h e  f i n a l  d i s p l a y  on a s i n g l e  
s h e e t  as i f  i t  had  been  r e f l e c t e d  from p o i n t s  on 
t h a t  p l a n e .  T h i s  e n e r g y  becomes super imposed  on  
c o r r e c t l y  p l a c e d  e n e r g y ,  g e t s  i n v o l v e d  i n  t h e  two- 
d i m e n s i o n a l  m i g r a t i o n  p r o c e s s ,  g e t s  i n v o l v e d  i n  
o t h e r  c a l c u l a t i o n s  per formed on t h e  d a t a ,  a n d  i n  
g e n e r a l  makes f o r  c o n f u s i o n  a n d  l o s s  of r e s o l u -  
t i o n  i n  t h e  f i n a l  p r e s e n t a t i o n .  

The a d v a n t a g e  of t h r e e  d i m e n s i o n a l  d a t a  i n  
m i g r a t i o n  i s  t h a t  r e f l e c t i o n  p o i n t s  e x i s t  th rough-  
o u t  a volume a l l o w i n g  c o m p u t a t i o n s  t o  be per formed 
t o  c o r r e c t l y  p l a c e  t r u e  r e f l e c t i o n  p o i n t s  where 
t h e y  b e l o n g  i n  t h e  volume, c o n s i s t e n t  w i t h  t h e  
t r u e  d i p  of a l l  h o r i z o n s .  These  d a t a  are k e p t  i n  
a "volume" w i t h i n  t h e  computer  a n d  c a n  be  a c c e s s e d  
o n t o  a n y  two-dimensional s e c t i o n s  t h r o u g h  t h e  
volume which are d e s i r e d .  On t h e s e  a c c e s s e d  two 
d i m e n s i o n a l  s e c t i o n s  a l l  e n e r g y  i s  where it s h o u l d  
be  as t h e  volume h a s  been  t h r e e - d i m e n s i o n a l l y  
m i g r a t e d .  

T h i s  a b i l i t y  t o  t a k e  a n y  two d i m e n s i o n a l  
s e c t i o n  h a s  o t h e r  d i s t i n c t  a d v a n t a g e s .  It a l l o w s  
one  t o  h a v e  a p l a n a r  d i s p l a y  u n d e r  a n y  l i n e  de- 
s i r e d ,  n o t  j u s t  u n d e r  l i n e s  of s o u r c e s  and  r e c e i v -  
ers. T h i s  f l e x i b i l i t y  h a s  o b v i o u s  a d v a n t a g e s  i f  
one i s  a t  a l l  aware  of  t h e  g e o g r a p h i c a l  res t r ic-  
t i o n  on t h e  p lacement  of s u r f a c e  s o u r c e - r e c e i v e r  
l i n e s  o r  i s  aware  of t h e  d e s i r a b i l i t y  of h a v i n g  
a n o t h e r  s e c t i o n  i n  a n o t h e r  p l a c e  as  i n t e r p r e t a -  
t i o n  p r o g r e s s e s .  S i n c e  a n y  two-dimensional s e c t i o n  
c a n  be t a k e n ,  one i s  no l o n g e r  r e s t r i c t e d  t o  v e r t i -  
cal  s e c t i o n s .  Now t h e  u n i q u e l y  d e s i r a b l e  h o r i z o n -  
t a l  s e c t i o n  i s  a l s o  a v a i l a b l e .  On t h i s  s e c t i o n  
f a u l t s  and s t r a t a  a p p e a r  much as t h e y  d o  on geo- 
l o g i c  maps. S i n c e  maps a r e  u s u a l l y  t h e  e n d  
r e s u l t  of i n t e r p r e t a t i o n  of seismic d a t a ,  t h e  
h o r i z o n t a l  s e c t i o n  makes a l a r g e  s t e p  t o  t h e  g o a l  
a v a i l a b l e  d i r e c t l y  from t h e  seismic d a t a  volume. 
T h e s e  a d v a n t a g e s  make maps f rom 3-D d a t a  more 
a c c u r a t e  b e c a u s e  t h e  r e s o l u t i o n  of t h e  d a t a  i s  
b e t t e r  and  i n t e r p o l a t i o n s  a n d  e x t r a p o l a t i o n s  a r e  
n e a r l y  o r  c o m p l e t e l y  e l i m i n a t e d .  

Direct D e t e c t i o n  of t h e  P o r t i o n  of t h e  R e s e r v o i r  
from Which F l u i d s  are Produced  

The seismic p r o p e r t i e s  of t h e  C i b  J e f f  
s a n d  w i l l  change  when t h e  f l u i d s  are produced  
from i t  d u r i n g  t h e  d e p l e t i o n .  By p e r f o r m i n g  3-D 
s u r v e y s  of t h e  r e s e r v o i r  b e f o r e  and  a g a i n  a f t e r  
t h e  d e p l e t i o n  of t h e  f l u i d s ,  t h e s e  c h a n g e s  may be  
d e t e c t e d .  The a r e a  of t h e  r e s e r v o i r  o v e r  which 
t h e  c h a n g e s  are  d e t e c t e d  s h o u l d  c o i n c i d e  w i t h  t h e  
area from which t h e  f l u i d s  were produced .  A s  
ment ioned  ear l ier  t h i s  i s  a n  i m p o r t a n t  f a c t o r  i n  
t h e  r e s e r v o i r  e v a l u a t i o n .  

The changes  i n  t h e  r e s e r v o i r  due t o  pro- 
d u c t i o n  a n d  t h e  d e t e c t a b l e  e f f e c t s  of t h e  changes  
on seismic d a t a  are  n o t  w e l l  u n d e r s t o o d ;  however ,  
t h e  f o l l o w i n g  f i v e  f a c t o r s  are  e x p e c t e d  t o  b e  
i m p o r t a n t :  

i n  v e l o c i t y .  C a l c u l a t i o n s  based  on t h e  p l a n n e d  
p r e s s u r e  d e p l e t i o n  i n d i c a t e  t h a t  a b o u t  1% by volume 
f r e e  g a s  may e x s o l v e  y i e l d i n g ,  from f i g u r e  2 ,  a 
d e c r e a s e  i n  v e l o c i t y  on t h e  o r d e r  of 1000 f t / s e c .  
However, f i g u r e  2 i s  most r e l e v a n t  t o  a s h a l l o w e r  
s a n d  w i t h  a l i t h i f i c a t i o n  h i s t o r y  d i f f e r e n t  from 
t h e  Cib  J e f f  s a n d .  The seismic v e l o c i t y  of  t h e  
C i b  J e f f  may be  more d e p e n d e n t  on  t h e  m a t r i x  and  
l ess  on  t h e  p o r e  f l u i d s  t h a n  t h a t  f o r  f i g u r e  2. 

2 )  G e o p r e s s u r e d  s e d i m e n t s  g e n e r a l l y  h a v e  
s l o w e r  seismic v e l o c i t i e s  t h a n  non-pressured  s e d i -  
ments  b e c a u s e  t h e  p r e s s u r e  r e d u c e s  t h e  e f f e c t i v e  
s t r e s s ( n o n  i s o t r o p i c  v e r t i c a l  component of  s t r e s s )  
f e l t  by t h e  m a t r i x .  T h i s  r e d u c t i o n  i n  e f f e c t i v e  
stress r e d u c e s  t h e  a b i l i t y  of t h e  m a t r i x  t o  p a s s  
t h e  v e r t i c a l l y  t r a v e l i n g  c o m p r e s s i o n a l  waves and  
r e s u l t s  i n  a l o w e r e d  v e l o c i t y .  I n  o u r  r e s e r v o i r  
t h e  change i n  p o r e  p r e s s u r e  from 12000 p s i  t o  
8000 p s i  w i l l  r e s u l t  i n  a n  i n c r e a s e  i n  e f f e c t i v e  
stress of 4000 p s i  a n d  p o s s i b l y  a v e l o c i t y  i n c r e a s e  
of a b o u t  2000 f t / s e c .  

3 )  A b s o r p t i o n  of s e i s m i c  e n e r g y  i n  r o c k s  i s  
f r e q u e n c y  dependent .  Changes i n  t h e  r e s e r v o i r  due 
t o  p r o d u c t i o n  may a l t e r  t h i s  f r e q u e n c y  dependency. 
F r e e  g a s  i n  t h e  f l u i d  would p r o b a b l y  i n c r e a s e  t h e  
a b s o r p t i o n  of h i g h  f r e q u e n c y  s i g n a l  r e s u l t i n g  i n  a 
l o w e r i n g  of f r e q u e n c y  o f  s i g n a l s  r e t u r n e d  from t h e  
r e s e r v o i r  and  below. I n c r e a s e  i n  e f f e c t i v e  stress 
would l i k e l y  d e c r e a s e  a b s o r p t i o n  a t  h i g h  f r e q u e n -  
c ies  due t o  b e t t e r  t r a n s m i s s i o n  c h a r a c t e r i s t i c s .  

4 )  The d e n s i t y  of  t h e  r e s e r v o i r  i s  l i k e l y  
t o  d e c r e a s e  as  t h e  compressed  f l u i d s  a r e  removed 
( c o m p a c t i o n  i s  n o t  l i k e l y  t o  be  g r e a t  enough t o  
compensa te  o r  o v e r - b a l a n c e  t h e  e f f e c t  of f l u i d  
removal ) .  D e n s i t y  and  v e l o c i t y  c h a n g e s  f rom 1 )  
a n d / o r  2 )  a b o v e  w i l l  r e s u l t  i n  r e f l e c t i o n  s t r e n g t h  
changes  a c c o r d i n g  t o  t h e  e q u a t i o n :  

R e f l e c t i o n  C o e f f i c i e n t =  

which g i v e s  t h e  r e f l e c t i o n  c o e f f i c i e n t  of a media 
boundary  where V i  a n d 9  1 a r e  t h e  v e l o c i t y  and  
d e n s i t y  i n  t h e  f i r s t  medium and V2 a n d y  2 a r e  
f o r  t h e  second medium. 

5 )  Compaction of t h e  r e s e r v o i r  i s  l i k e l y  
t o  o c c u r .  I f  t h e  75 g r o s s  f e e t  of r e s e r v o i r  
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1 )  I f  f r e e  g a s  e x s o l v e s  w i t h i n  t h e  reser- 

v o i r  upon d e p l e t i o n  of p r e s s u r e ,  t h e  two p h a s e  
f l u i d  would h a v e  a s i g n i f i c a n t l y  r e d u c e d  seismic 
v e l o c i t y .  F i g u r e  2 i l l u s t r a t e s  t h a t  a n  i n c r e a s e  F i g .  2 T h e o r e t i c a l  and Measured P-wave v e l o c i t i e s  
i n  f r e e  d i s p e r s e d  g a s  f rom n e a r  o r  a c t u a l l y  z e r o  v e r s u s  f r e e  g a s  s a t u r a t i o n  i n  water i n  sand .  Taken 
t o  a few p e r c e n t  y i e l d s  a c o n s i d e r a b l e  r e d u c t i o n  f rom Flowers  (1976) .  
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i n t e r v a l  compacted o n l y  7%,  t h e  t o p  boundary of 
t h e  r e s e r v o i r  would f a l l  abou t  5 f e e t .  I f  t h i s  
compact ion  i s  t a k e n  up b e f o r e  i t  r e a c h e s  t h e  su r -  
f a c e  by e l a s t i c  o r  a n e l a s t i c  mechanisms t h e  d i s -  
t a n c e  t o  t h e  r e s e r v o i r  w i l l  i n c r e a s e  hy 5 f e e t  o r  
t h e  two way d i s t a n c e  f o r  r e f l e c t i o n  by 10 f e e t .  
These 10  f e e t ,  a t  a v e l o c i t y  of 10000 f e e t  p e r  
second ( r o u g h l y  what i s  known from check s h o t  
s u r v e y s  and s o n i c  l o g s ) ,  would r e s u l t  i n  a r e f l e c -  
t i o n  t iming  i n c r e a s e  of .001 sec. The mechanisms 
f o r  compensa t ion  f o r  t h e  compaction are a l s o  
l i k e l y  t o  c r e a t e  a zone o f  reduced  v e l o c i t y  over  
t h e  r e s e r v o i r  which w i l l  f u r t h e r  i n c r e a s e  two way 
t r a v e l  t i m e .  

Each of t h e s e  p o s s i b l e  v a r i a t i o n s  i s  sma l l .  
I n  f a c t  t h e  real q u e s t i o n  i s  no t  whether t h e r e  
w i l l  he e f f e c t s  as  d e s c r i b e d  above bu t  w i l l  t h e  
seismic method d e t e c t  them? Two s e i s m i c  s e c t i o n s ,  
one from b e f o r e  and one from a f t e r  p r o d u c t i o n ,  
p rocessed  and p resen ted  as normal ly  done f o r  
pe t ro l eum e x p l o r a t i o n ,  e.g.  v a r i a b l e  area wiggly  
t r a c e ,  are n o t  expec ted  t o  be  enough d i f f e r e n t  
f o r  a n  i n t e r p r e t e r  t o  d e t e c t  d i f f e r e n c e s .  Recent 
p r o g r e s s  i n  seismic p rocess ing  and  p r e s e n t a t i o n  
a l l o w i n g  t h e  s e i s m i c  a t t r i b u t e s  of r e f l e c t i o n  
s t r e n g t h ,  i n s t a n t a n e o u s  f r equency ,  i n s t a n t a n e o u s  
phase  and i n s t a n t a n e o u s  v e l o c i t y  t o  he  s e p a r a t e d  
and  i n d i v i d u a l l y  p l o t t e d  (Taner  and S h e r i f f  1977) 
and a n  i n n o v a t i o n  of t h i s  p r o j e c t ,  s u b t r a c t i v e  
p r o c e s s i n g ,  w i l l  a l l o w  u s  t o  p r e s e n t  and  a n a l y z e  
t h e  d a t a  i n  ways which w i l l  t a k e  f u l l  advantage  of 
t h e  a b i l i t y  of t h e  seismic method t o  d e t e c t  t h e  
small expec ted  changes.  

S u b t r a c t i v e  p r o c e s s i n g  i s  a t echn ique  be ing  
developed  f o r  t h i s  p r o j e c t .  B a s i c a l l y  t h e  two 
data sets  from t h e  b e f o r e  and a f t e r  su rveys  a r e  t o  
be s u b t r a c t e d  from one a n o t h e r  i n  t h e  computer and 
t h e  d i f f e r e n c e  p l o t t e d .  T h i s  s u b t r a c t i o n  i s  t o  be  
performed n o t  o n l y  on t h e  normal d a t a  bu t  on t h e  
a t t r i b u t e  d a t a  as  w e l l .  S i n c e  t h e  d a t a  volumes 
ex tend  above ,  below and  t o  a l l  s i d e s  of t h e  reser- 
v o i r ,  t h e  remainder  s h o u l d  he  z e r o  ( o r  reduced  t o  
n o i s e )  o u t s i d e  of t h e  r e s e r v o i r  and show c o n s i s t e n t  
changes o n l y  i n  t h o s e  p o r t i o n s  of t h e  r e s e r v o i r  
from which p r o d u c t i o n  occur red .  I t  i s  expec ted  
t h a t  t h i s  s u b t r a c t i v e  t e c h n i q u e  will a l l o w  changes 
on t h e  o r d e r  of t h o s e  p r e d i c t e d  i n  1 )  - 5 )  t o  be 
d e t e c t e d  i f  t h e y  e x i s t .  

Modeling 

To e v a l u a t e  t h e  d a t a  ach ieved  and  t h e  d i f f e r -  
ences  found i n  t h e  d a t a  i n  t e rms  of s u b s u r f a c e  
c o n d i t i o n s  and changes ,  computer and  p h y s i c a l  models 
a r e  a l s o  be ing  s t u d i e d .  The U n i v e r s i t y  of Houston 
Se i smic  Acous t i c s  Labora to ry  (SAL) h a s  t h e  equip- 
ment,  s o f t w a r e  and  e x p e r i e n c e  t o  p h y s i c a l l y  scale 
model s u b s u r f a c e  s i t u a t i o n s  and  a c t u a l l y  shoo t  
s c a l e d  down s e i s m i c  su rveys  o v e r  them. A s  w e l l  
SAL h a s  equipment,  s o f t w a r e  and expe r i ence  t o  
perform computer modeling of s e i s m i c  su rveys .  SAL 
i s  a s u b c o n t r a c t o r ,  w i t h  p r i n c i p a l  i n v e s t i g a t o r s  
John McDonald and Gerry  Gardner ,  t o  t h i s  p r o j e c t  
t o  h e l p  p l a n  t h e  su rveys  and  a n a l y z e  t h e  d a t a  
based on t h e  e x p e r i e n c e  of t h e i r  pe r sonne l  and on 
model s t u d i e s  of t h e  Pa rcpe rdue  r e s e r v o i r .  

Shoot ing  P l a n  

Geophys ica l  Systems Corpora t ion  (GSC) i s  sub- 
c o n t r a c t i n g  t o  t h i s  p r o j e c t  t o  perform t h e  su r -  

veys.  The s u r v e y s  w i l l  u t i l i z e  v i b r a t o r  ene rgy  
s o u r c e s  and 1024 r e c o r d i n g  channe l s .  The a v a i l -  
a b i l i t y  of a sys tem wi th  such  a l a r g e  number 
of channe l s  and t h e  v i b r a t o r  energy  s o u r c e s  was a 
major f a c t o r  i n  choos ing  GSC as t h e  s u b c o n t r a c t o r .  
The v i b r a t o r s  a l l o w  t h e  su rvey  t o  be performed 
wi th  dense  s o u r c e  s p a c i n g  a long  e x i s t i n g  roads  and 
t h e  many r e c o r d i n g  c h a n n e l s  a l l o w  a dense  subsur -  
f a c e  d a t a  g r i d  ove r  a l a r g e  a r e a  wi th  a number of 
v i b r a t o r  l i n e s  c o n s i s t e n t  w i th  t h e  roads  a v a i l a b l e  
and  l i t t l e  moving of t h e  r e c e i v e r  l i n e s .  F i g u r e  3 
i l l u s t r a t e s  t h e  g e n e r a l  p l a n  f o r  each  of t h e  su r -  
veys. The t h r e e  eas t -wes t  l i n e s  a r e  v i b r a t o r  
l i n e s  on roads .  The no r th - sou th  l i n e s  a r e  r e c e i v e r  
l i n e s .  The su rvey  w i l l  p r o g r e s s  wi th  two r e c i e v e r  
l i n e s  l i v e  as t h e  s o u r c e  moves toward them. When 
t h e  sou rce  r e a c h e s  l i n e  one ,  t h e  l i n e  w i l l  he 
tu rned  o f f  (removed) and the t h i r d  l i n e  a c t i v a t e d .  
T h i s  " l e a p f r o g g i n g "  of a c t i v e  l i n e s  w i l l  p r o g r e s s  
a c r o s s  t h e  a r e a  f o r  each  v i b r a t o r  l i n e .  CDP l i n e s  
w i l l  a l s o  be c o l l e c t e d  a long  each  v i b r a t o r  l i n e  i n  

I 
too 

Fig .  3 Survey p l an .  Heavy l i n e  i s  boundary of 
expec ted  s u b s u r f a c e  3-d coverage .  E-W, dash- 
d o t ,  l i n e s  are v i b r a t o r  l i n e s .  N-S, dashed ,  
l i n e s  a r e  phone l i n e s .  

t h e  conven t iona l  manner w i t h  phones i n  l i n e  w i t h  
t h e  v i b r a t o r s .  Each su rvey  w i l l  y i e l d  abou t  800 ,000  
seismic traces ove r  seven  s q u a r e  m i l e s  of 3-D d a t a  
and  10.5 miles of CDP w i t h  s u b s u r f a c e  dep th  p o i n t  
s p a c i n g  of 27.5 f t .  x 27.5 f t .  f o r  t h e  3-D and 27.5 
f t .  i n  l i n e  f o r  t h e  CDP. 

P r oce  s s ing  

GSC w i l l  p rov ide  i n i t i a l  p r o c e s s i n g  of t h e  
3-0 and CDP d a t a  and t h e  a t t r i b u t e  p rocess ing .  
SAL w i l l  perform f u r t h e r  p rocess ing  on t h e  3-D 
d a t a  volume and t h e  s u b t r a c t i v e  p rocess ing .  

CONCLUSION 

Though no d a t a  a r e  a v a i l a b l e  a t  t h e  t i m e  
t h i s  pape r  i s  going  t o  p r e s s ,  t h i s  p r o j e c t  prom- 
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ises t o  y i e l d  d a t a  and i n s i g h t s  of g r e a t  i m p o r t a n c e  
n o t  o n l y  t o  t h e  P a r c p e r d u e  P r o j e c t  b u t  t o  t h e  
g e o p r e s s u r e d - g e o t h e r m a l  program a s  a whole.  I f  i t  
c a n  be  shown t h a t  t h e  p r o d u c i n g  volume c a n  b e  
d i r e c t l y  d e t e c t e d ,  t h e n  o v e r  t h e  l i f e t i m e  of  a 
commercial r e s e r v o i r  t h e  d r a i n a g e  l i m i t s  may be 
m o n i t o r e d  by p e r i o d i c  seismic s u r v e y s  and  develop-  
ment of t h e  r e s o u r c e  a c c u r a t e l y  g u i d e d .  
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