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PREFACE 

D u r i n g  t h e  s e c o n d  IIASA C o n f e r e n c e  o n  E n e r g y  R e s o u r c e s ,  
j o i n t l y  o r g a n i z e d  w i t h  U N I T A R ,  o n  "The F u t u r e  S u p p l y  o f  N a t u r e  
Made P e t r o l e u m  a n d  Gas"  ( 1 9 7 6 ) ,  t h e r e  was s t r o n g  i n t e r e s t  a n d  
l i v e l y  d i s c u s s i o n  a b o u t  u n c o n v e n t i o n a l  g a s  r e s o u r c e s ,  e s p e c -  
i a l l y  g a s  i n  g e o p r e s s u r e  z o n e s .  

The R e s o u r c e s  Group k e e p s  a close w a t c h  o n  a l l  d e v e l o p -  
men t s  i n  w o r l d  c o n v e n t i o n a l  a n d  u n c o n v e n t i o n a l  o i l  a n d  g a s  
r e s o u r c e s .  I t  seemed a p p r o p r i a t e  t o  o r g a n i z e  a s m a l l  workshop  
i n  1979 t o  assess t h e  p r o g r e s s  b e i n g  made o n  t h e  s u b j e c t  of 
g a s  i n  g e o p r e s s u r e  z o n e s .  I t  was d e c i d e d  t o  restr ict  p a r t i c -  
i p a t i o n ,  a t  t h i s  s t a g e ,  t o  t h e  two N a t i o n a l  Member Organizations 
r e a l l y  e n g a g e d  i n  r e s e a r c h  on  t h i s  t o p i c ,  namely  t h e  U.S. a n d  
t h e  U.S.S.R. 
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I n s t i t u t e  o f  World Economy and  I n t e r n a t i o n a l  
R e l a t i o n s  o f  t h e  U.S.S.R. Academy o f  S c i e n c e s ,  
MOSCOW, U.S.S.R. 

D r .  D .  B e b o u t ,  
B u r e a u  o f  Economic Geo logy ,  T e x a s ,  U.S.A. 

P r o f e s s o r  M .  Dorfman 
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P r o f e s s o r  M .  Grenon 
I n t e r n a t i o n a l  I n s t i t u t e  f o r  A p p l i e d  Sys tems 
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o f  t h e  U.S.S.R. Gas I n d u s t r y  M i n i s t r y ,  
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M r .  J . M .  Merzeau, 
I n t e r n a t i o n a l  I n s t i t u t e  f o r  A p p l i e d  Sys tems 
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All-Union R e s e a r c h  I n s t i t u t e  o f  N a t u r a l  Gas 
o f  t h e  U.S.S.R. Gas I n d u s t r y  M i n i s t r y ,  
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D r .  D.  Z inn,  
The U n i v e r s i t y  o f  Texas ,  A u s t i n ,  U.S.A. 

P r o g r e s s  was r e v i e w e d ,  and t h e  two d e l e g a t i o n s  p r e s e n t e d  
up t o  d a t e  i n f o r m a t i o n .  T h i s  was f o l l o w e d  by v e r y  a c t i v e  d i s -  
c u s s i o n s .  Most o f  t h e  material  p r e s e n t e d  i s  i n c l u d e d  i n  t h i s  
Working Paper .  T h e r e  i s  a l s o  a summary of  t h e  d i s c u s s i o n s .  
T r a n s l a t i o n s  o f  t h e  two main p a p e r s  p r e s e n t e d  by t h e  U.S.S.R. 
p a r t i c i p a n t s  a r e  g i v e n  f o r  i n f o r m a t i o n .  

T h i s  Working P a p e r  s h o u l d  be o f  i n t e r e s t ,  p a r t i c u l a r l y  i n  
view o f  t h e  f a c t  t h a t  o n e  outcome o f  t h e  mee t ing  was a common 
d e s i r e  t o  d e v o t e  t h e  n e x t  IIASA Resources  C o n f e r e n c e  t o  N a t u r a l  
Gas Resources  i n  g e n e r a l ,  i n c l u d i n g  a s p e c i a l  s e s s i o n  on g a s  i n  
g e o p r e s s u r e  zones .  T h i s  Working P a p e r  s h o u l d  s e r v e  as a  back- 
ground paper  f o r  t h e  1980  Confe rence .  

Miche l  Grenon 



AN OVERVIEW OF U .  S. RESEARCH ON 
GEOPRESSURED GEOTHERMAL ZONES. 

D r .  M.  Dorfman 
U n i v e r s i t y  o f  Texas  a t  A u s t i n  
U.S.A. 

One o f  t h e  most  s i g n i f i c a n t  g e o l o g i c a l  s o u r c e s  o f  e n e r g y  i s  
t h e  methane a n d  t h e  g e o t h e r m a l  f l u i d  c o n t a i n e d  i n  t h e  g e o p r e s s u r e  
zones o f  t h e  U n i t e d  S t a t e s  Gulf  C o a s t  B a s i n .  I n v e s t i g a t i o n s  i n t o  
t h e  n a t u r e  and d i m e n s i o n s  of  g e o p r e s s u r e  q e o t h e r m a l  a q u i f e r s  i n  
t h e  U.S. Gulf  C o a s t  have been p r o c e e d i n g  s i n c e  1974 funded by 
Energy,  R e s e a r c h  and  Development Administration (ERDA and  i t s  
p r e d e c e s s o r  agency)  and v a r i o u s  i n d u s t r i a l  g r o u p s  i n  Texas  and 
L o u i s i a n a .  The s t u d i e s  have  c e n t e r e d  on o b t a i n i n g  a t h o r o u g h  
background o f  i n f o r m a t i o n  c o n c e r n i n g  t h e  e x t e n t  o f  t h e  p o t e n t i a l  
r e s o u r c e ,  i t s  p h y s i c a l  p a r a m e t e r s ,  f l u i d  c h a r a c t e r i s t i c s ,  po ten-  
t i a l  f o r  u t i l i z a t i o n  a s  a s o u r c e  o f  e lec t r ic  power g e n e r a t i o n  and 
o t h e r  p r o c e s s  h e a t  a p p l i c a t i o n s ,  t h e  t e c h n o l o g i c a l  p r o c e d u r e s  
a s s o c i a t e d  w i t h  w e l l  d e s i g n  and d r i l l i n g ,  r e s e r v o i r  e n g i n e e r i n g  
s t u d i e s ,  methane e x t r a c t i o n  t e c h n i q u e s ,  a n d  t h e  i n s t i t u t i o n a l ,  
l e g a l  and e n v i r o n m e n t a l  i m p l i c a t i o n s  o f  g e o t h e r m a l  development .  
Research  h a s  been c e n t e r e d  p r i m a r i l y  a t  t h e  U n i v e r s i t y  o f  Texas ,  
C e n t e r  of  Energy S t u d i e s ,  and a t  L o u i s i a n a  S t a t e  U n i v e r s i t y .  

GEOLOGICAL BACKGROUND 

The N o r t h e r n  s h o r e l i n e  o f  t h e  Gulf  o f  Mexico e x t e n d s  more 
t h a n  1 ,000 m i l e s ,  f r o m  t h e  R i o  Grande R i v e r  t o  t h e  F l o r i d a  
"Panhandle".  U n d e r l y i n g  a l a r g e  p o r t i o n  o f  t h i s  s h o r e l i n e  a r e a ,  
b o t h  o n s h o r e  and  o f f s h o r e ,  i n  a s t r i p  200 t o  300 m i l e s  wide a r e  
c l a s t i c  s e d i m e n t a r y  d e p o s i t s  o f  g r e a t  t h i c k n e s s .  F i g u r e  1 shows 
t h e  a r e a  d e s c r i b e d ,  which l i e s  between t h e  l andward  boundary  o f  
t h e  Miocene d e p o s i t s  and t h e  edge  o f  t h e  o u t e r  c o n t i n e n t a l  s h e l f .  
Sediments  w i t h i n  t h i s  young b a s i n  e x h i b i t  a maximum t h i c k n e s s  of  
s o m e  50,000 fee t  a t  m a j o r  d e p o t - c e n t e r s  l o c a t e d  s l i g h t l y  o f f s h o r e  
from Texas  and L o u i s i a n a  and s u b p a r a l l e l  t o  t h e  p r e s e n t  c o a s t l i n e .  



The upper 25,000 f e e t  of d e p o s i t s  i n  t h i s  b a s i n  a r e  composed 
p r imar i ly  of a l t e r n a t i n g  s e r i e s  of rock  l a y e r s  which may be broadly  
c l a s s i f i e d  a s  e i t h e r  s ands tones  o r  s h a l e s .  The lower  s e c t i o n  of 
sediments c o n s i s t s  a lmos t  e n t i r e l y  of  s h a l e s .  These sed iments  
were depos i t ed  by prograde  d e l t a  sys tems  r ang ing  i n  age  from Eocene 
t o  Recent, w i t h  some subsequent  rea r rangements  of  s ands  due t o  t h e  
e f f e c t  of r e l a t i v e l y  high-energy wave a c t i o n  a t  t h e  j u n c t u r e  of 
t e r r e s t r i a l  and marine  environments .  Rapid sediment  l o a d i n g  from 
d e l t a s  throughout  c o a s t a l  Texas and L o u i s i a n a  r e s u l t e d  i n  " l eap -  
f rogging" sediment  d i s t r i b u t i o n  from a  g e n e r a l l y  North  t o  South 
d i r e c t i o n .  A s  younger systems d e p o s i t e d  t h e i r  sed iment  l o a d s  ove r  
t h e  o l d e r  u n i t s ,  g r e a t  q u a n t i t i e s  of sand sank i n t o  t h e  muds of 
t h e  o l d e r  d e l t a  systems.  Sediments t h u s  d e p o s i t e d  became ex t remely  
t h i c k  on t h e  South ,  o r  bas inward,  s i d e .  Cont inued downwarping due 
t o  sediment l o a d  r e s u l t e d  i n  "growth f a u l t s " ,  o r  normal f a u l t s  
s u b p a r a l l e l  t o  t h e  c o a s t l i n e  due t o  d i f f e r e n t i a l  compaction o f  
sands  and muds. 

The p e n e t r a t i o n  of  s ands  i n t o  unde r ly ing  p r o - d e l t a  muds 
r e s u l t e d  i n  t h e  i s o l a t i o n  of l a r g e  sand members from con t inuous  
pe rmeab i l i t y  channe l s  t o  t h e  o v e r l y i n g  s t ra ta .  Above t h e  i n t e r -  
v a l s  t hus  i s o l a t e d ,  p r e s s u r e s  th roughout  t h e  b a s i n  approximate  
0.465 p s i / f t .  T h i s  i s  cons ide red  normal h y d r o s t a t i c  p r e s s u r e  
based on t h e  f l u i d  p r e s s u r e s  e x e r t e d  by a column o f  s a l i n e  wate r .  
However, benea th  t h e  normal ly  p r e s s u r e d  zones t h e  i s o l a t e d  u n i t s  
o f  sands  and muds c o n t a i n  p r e s s u r e s  f a r  g r e a t e r  t h a n  normal.  
These abnormally p r e s s u r e d  zones are now commonly r e f e r r e d  t o  a s  
geopressured zones.  The g e n e r a t i o n  o f  geopres su re  i s  p r i m a r i l y  
t h e  r e s u l t  of compaction phenomena. Newly d e p o s i t e d  sed iments  
have high p o r o s i t i e s  and are s a t u r a t e d  w i t h  wa te r .  A s  t h e y  
a r e  o v e r l a i n  by younger sed iments  and b u r i e d  deepe r ,  t h e  p r e s s u r e  
of  overburden s e e k s  t o  reduce  t h e  t h i c k n e s s  and p o r o s i t i e s  of  
t h e s e  deeper sed iments .  A s  bo th  t h e  rock  and wa te r  have ve ry  
low c o m p r e s s i b i l i t i e s ,  t h e  o n l y  way t h e  rock  volume can  be 
app rec i ab ly  reduced  i s  by e x p e l l i n g  w a t e r ,  w i t h  a consequent  
dec rease  i n  p o r o s i t y .  The r a t e  of  e x p u l s i o n  o f  w a t e r  i s  con- 
t r o l l e d  by t h e  p e r m e a b i l i t y  of t h e  o v e r l y i n g  rocks .  I f  none 
o f  t h e  water  can e s c a p e ,  t hen  t h e  weight  o f  t h e  overburden causes  
t h e  f l u i d s  c o n t a i n e d  i n  t h e  lower s ed imen t s  t o  b e a r  a p o r t i o n  of  
t h e  overburden l o a d .  The r e s u l t  i s  a sudden and d r a m a t i c  i n c r e a s e  
i n  sediment and f l u i d  p r e s s u r e .  P r e s s u r e  g r a d i e n t s  i n  t h e  geo- 
p ressured  r e g i o n s  w i l l  f l ow  n a t u r a l l y  i n t o  w e l l b o r e s  and t o  t h e  
s u r f a c e ,  and t h e  h y d r a u l i c  energy  may be  conve r t ed  t o  u s e f u l  
purposes such as t h e  g e n e r a t i o n  o f  e l e c t r i c i t y .  The g e o p r e s s u r e  
i n t e r f a c e  i n  t h e  Gulf Coas t  Bas in  o c c u r s  a t  d e p t h s  of  5,000 f e e t  
t o  15,000 f e e t ,  depending upon t h e  age  and d i s t r i b u t i o n  o f  s e d i -  
ments. A l l  sed iments  be1c.w t h e  g e n e r a l  g e o p r e s s u r e  i n t e r f a c e  
may be expected t o  c o n t a i n  i n c r e a s i n g  abnormal p r e s s u r e  w i t h  
depth.  

Temperature i s  a l s o  an impor t an t  parameter  i f  t h e  h e a t  
c o n t e n t  of t h e  wa te r  produced i s  t o  be  u t i l i z e d  as an ene rgy  
source .  It i s  a p p a r e n t  from s t u d i e s  o f  w e l l  l o g s  run  i n  bore- 
h o l e s  i n  t h e  Gulf Coas t  t h a t  t empera tu re  g r a d i e n t s  o f  approxi -  
mately  1.5°F/100 f t .  o f  d e p t h  a r e  found i n  hydrop res su red  
sediments of  t h e  Gulf Coas t  Basin;  g r a d i e n t s  i n  excess of 



3O~/100 f t .  of  d e p t h  a r e  found i n  hydropressured  zones .  
Tem e r a t u r e s  a t  d e p t h s  of  10,000 f e e t  o f t e n  range from 8 225 F t o  3000F, and a t  d e p t h s  of  15,000 f e e t  it i s  n o t  
uncommon t o  e n c o u n t e r  t e m p e r a t u r e s  i n  e x c e s s  o f  3500F. 
Within t h e  b a s i n ,  t e m p e r a t u r e s  of  ove r  5000F have been 
encountered i n  b o r e h o l e s  a t  d e p t h s  of  approximate ly  
20,000 f e e t .  Although t h e s e  t empera tu re s  do n o t  compare 
f avo rab ly  wi th  t h o s e  found i n  Western United S t a t e s  
v o l c a n i c - a s s o c i a t e d  geothermal  systems,  t h e y  may be  of  
s u f f i c i e n t  magnitude t o  be u s e f u l  i n  a v a r i e t y  o f  energy  
a p p l i c a t i o n s .  

Source beds  f o r  most ,  i f  n o t  a l l ,  hydrocarbons w i t h i n  
t h e  Cenozoic p o r t i o n  of t h e  Gulf Coas t  Basin  a r e  b e l i e v e d  t o  
be t h e  s h a l e s  w i t h i n  t h e  geopres su red  zones.  These beds have 
provided a d j a c e n t  s ands  w i t h i n  t h e  geopres su red  r e g i o n s  w i t h  
c e r t a i n  c o n c e n t r a t i o n s  of  methane i n  s o l u t i o n ,  and g r e a t  
i n t e r e s t  h a s  been shown i n  t h e  r ecove ry  o f  a p p r e c i a b l e  volumes 
of methane from geopres su red  wa te r .  Evidence of methane con- 
c e n t r a t i o n  on geopres su red  zones  i s  based upon i n f l o w s  of g a s  
and water  from blowouts ,  and from t h e  l a r g e  number o f  " k i c k s "  
encountered i n  d r i l l i n g  i n t o  geopres su red  sands tones .  Addi- 
t i o n a l l y ,  g a s  measur ing d e v i c e s  on mud l o g s  u s u a l l y  r e c o r d  
s i g n i f i c a n t  i n d i c a t i o n s  o f  gas  s a t u r a t i o n  w h i l e  d r i l l i n g  i s  
i n  p rog res s .  T h e o r e t i c a l  s t u d i e s  by Cu lbe r t son  and McKetta 
(1952) i n d i c a t e  t h a t  between 30 and 50 s t a n d a r d  c u b i c  f e e t  
per  b a r r e l  of  w a t e r  may be  c o n t a i n e d  i n  s o l u t i o n  i n  w a t e r s  
under high t e m p e r a t u r e  and p r e s s u r e s  encounte red  i n  geo- 
p ressured  zones .  Buckley, Hocot t ,  and Tagga r t  ( 1958) made 
e x t e n s i v e  i n v e s t i g a t i o n s  i n t o  t h e  d i s t r i b u t i o n  o f  hydrocarbons 
d i s s o l v e d  i n  w a t e r s  i n  t h e  hydropressured  r e g i o n s  o f  t h e  Gulf 
Coast Basin .  Hundreds o f  d r i l l - s t e m  tests on w e l l s  i n  t h e  
F r i o  format ion  i n d i c a t e d  t h a t  t h e  waters w e r e  e s s e n t i a l l y  
s a t u r a t e d  a t  r e s e r v o i r  c o n d i t i o n s .  The d i s s o l v e d  g a s  w a s  
found t o  c o n s i s t  p r i m a r i l y  o f  methane,  w i t h  e t h a n e  and 
propane p r e s e n t  o n l y  i n  minute  q u a n t i t i e s  and minimal con- 
c e n t r a t i o n s  o f  h e a v i e r  hydrocarbons  w e r e  p r e s e n t .  Methane 
c o n c e n t r a t i o n s  of  up t o  14 s t a n d a r d  c u b i c  f e e t  p e r  b a r r e l  of  
water  w e r e  found i n  t h e s e  s t u d i e s  of  normal ly  p r e s s u r e d  zones.  
I t  is a l s o  known t h a t  p l e n t i f u l  d r y  g a s  r e s e r v o i r s  e x i s t  i n  
t h e  Gulf Coas t  Bas in  i n  t h e  uppermost p o r t i o n s  o f  t h e  geo- 
p ressured  zones ,  and t h a t  t h e  g a s  i s  u s u a l l y  found t o  c o n t a i n  
p r i m a r i l y  methane w i t h  no ev idence  of  hydrogen s u l p h i d e  o r  
o t h e r  s e r i o u s  contaminants .  Marsden and K a w a i  (1965) r e p o r t e d  
on "suiyosie tennengosu",  o r  n a t u r a l  g a s  d i s s o l v e d  i n  b r i n e ,  
found i n  o v e r  a dozen f i e l d s  t h roughou t  Japan .  A t  l e a s t  two 
of t h e s e  f i e l d s  n e a r  N i i g a t a  and Tokyo produce g a s  commercia l ly ,  
and t h e  g a s  i s  composed of  o v e r  90% methane, w i t h  t h e  remaining 
c o n s t i t u e n t s  be ing  p r i m a r i l y  carbon  d i o x i d e  and n i t r o g e n .  
Therefore ,  i n f e r e n t i a l  ev idence  would i n d i c a t e  t h a t  w a t e r s  i n  
geopressured  zones  should  be  e s s e n t i a l l y  s a t u r a t e d  w i t h  methane 
(Dorfman and Kehle ,  1974) .  E s t i m a t e s  of  t h e  s i z e  o f  t h e  r e s o u r c e  
vary wide ly  (see T a b l e  1  ) . 





F o l l o w i n g  t h e  p r e s e n t a t i o n  t h e r e  was an  a n i m a t e d  d i s c u s s i o n  
c o v e r i n g  t h e  f o l l o w i n g  p o i n t s .  

1 .  R e - i n j e c t i o n  o f  p roduced  w a t e r  

I t  was p o i n t e d  o u t  t h a t  t h e r e  a r e  ample s a n d s  e x i s t i n g  a t  
d e p t h s  o f  2 ,000  m (some 500 m t h i c k )  and  a t  no rmal  p r e s s u r e s ,  
t o  r e - i n j e c t  f o r  20 y e a r s  a t  h i g h  r a t e s .  P r e s s u r e s  a t  t h e  
s u r f a c e  w i l l  b e  + 2 3  a t m .  The S o v i e t  s c i e n t i s t s  i n d i c a t e d  t h a t  
d i s p o s a l  p r e s e n t g d  g r e a t e r  d i f f i c u l t i e s  i n  many cases t h a n  had  
been e x p e r i e n c e d  i n  t h e  U . S .  Gul f  C o a s t .  I t  w a s  p o i n t e d  o u t  
t h a t  w a t e r  d i s p o s a l  i n  t h e  Gulf  C o a s t  i s  a  l a r g e ,  c o n t i n u i n g  
b u s i n e s s ,  s i n c e  much water i s  r e - i n j e c t e d  a f t e r  p r o d u c t i o n  f rom 
o i l  and g a s  r e s e r v o i r s .  I n  t h e  l a r g e  E a s t  T e x a s  f i e l d  s o m e  
460,000 b b l  are  r e - i n j e c t e d  p e r  day .  

2 .  The l i f e t i m e  o f  l a r g e  f l o w  rates 

D r .  Malevansky q u e s t i o n e d  w h e t h e r  a q u i f e r s  c o u l d  i n  f a c t  
produce  a t  ra tes  o f  40 ,000 b b l / d a y  f o r  20 y e a r s .  P r o f e s s o r  Dorfman 
i n d i c a t e d  t h a t  o n l y  s h o r t - t e r m  tests  had been r u n  t o  d a t e ,  and  t h a t  
long- te rm w e l l  t e s t i n g  (2  y e a r s  or more) would b e  n e c e s s a r y  t o  
d e t e r m i n e  t h e  answer  t o  t h i s  q u e s t i o n .  R e s e r v o i r  models  (mathe- 
m a t i c a l )  had  been d e v i s e d  t o  h e l p  r e s o l v e  t h i s  q u e s t i o n .  R e s e r v o i r  
d r i v e s  i n c l u d e :  

a .  compact ion  o f  s e d i m e n t s ;  
b .  i n f l u x  o f  H 2 0  f rom s h a l e s ;  
c .  e x p a n s i o n  o f  H20; 
d .  s o l u t i o n  g a s .  

Three  f a c t o r s  may c a u s e  r e d u c t i o n s  i n  r e s e r v o i r  p r o d u c t i v i t y :  

1 .  l i m i t e d  r e s e r v o i r  s i z e ;  
2 .  i n c r e a s e  i n  g a s  s a t u r a t i o n ;  
3.  w e l l - b o r e  damage d u e  t o  p r e s s u r e  

draw-down a t  w e l l  b o r e .  

The f i r s t  t e s t  w e l l  i s  l o c a t e d  d e e p  i n  t h e  b a s i n ,  t o  a v o i d  
s t r u c t u r a l  t r a p s  n o r m a l l y  a s s o c i a t e d  w i t h  o i l  and  g a s  which 
o f t e n  i n c l u d e  f a u l t s  or o t h e r  f e a t u r e s  which  l i m i t  r e s e r v o i r  
s i z e .  

3 .  Amount o f  q a s  

D r .  Arsky q u e s t i o n e d  whe the r  estimates o f  g a s  w e r e  b a s e d  
e n t i r e l y  on  g a s  i n  s o l u t i o n ,  s i n c e  t h e  e x i s t e n c e  o f  a d d i t i o n a l  
f r e e  g a s  i n  a q u i f e r s  h a s  n o t  y e t  been  p roven .  W e l l  l o g s  and 
p r o d u c t i o n  t e s t s  s h o u l d  h e l p  r e s o l v e  t h i s  mat ter .  A d d i t i o n a l  
f r e e  g a s  i n  a q u i f e r s  c o u l d  i n c r e a s e  t h e  amount o f  g a s  a v a i l a b l e  
by a f a c t o r  o f  3  t o  5 ,  b u t  it would a l s o  d e c r e a s e  t h e  p r o d u c t i o n  
o f  w a t e r .  I n  t h i s  e v e n t  t h e  g e o p r e s s u r e d  a q u i f e r s  may b e  o f  
i n t e r e s t  p r i m a r i l y  f o r  t h e  p r o d u c t i o n  o f  g a s  and  w e l l s  may no  
l o n g e r  r e q u i r e  a  20 y e a r  l i f e  i n  o r d e r  t o  p r o d u c e  l a r g e  q u a n t i t i e s  
o f  methane. 



4 .  Well l o c a t i o n  

D r .  Malevansky d i s c u s s e d  problems a s s o c i a t e d  w i t h  "b lowouts"  
o f  w e l l s  i n  g e o p r e s s u r e d  zones  and  P r o f e s s o r  Dorfman d e s c r i b e d  
methods used t o  c o n t r o l  t h e s e  problems i n  t h e  U.S. T h e s e  i n c l u d e  
e x t e n s i v e  u s e  of  w e l l  l o g s  t o  e s t i m a t e  t h e  t o p  o f  g e o p r e s s u r e  
c h a n g e s , d r i l l i n g  f l u i d s  t o  p r e v e n t  s h a l e  movement and c a s i n g  
d e s i g n .  

5.  Economics 

D r .  Arsky a s k e d  i f  a n  economic a n a l y s i s  had been made on 
t h e  p r o d u c t i o n  o f  g a s  from g e o p r e s s u r e d  a q u i f e r s .  P r o f e s s o r  
Dorfman i n d i c a t e d  t h a t  p r e s e n t  e s t i m a t e s  of  t h e  c o s t  o f  g a s  
v a r y  from $4 t o  $4.50 Mcf. T h i s  is  somewhat h i g h e r  t h a n  g a s  
from " t i g h t  g a s  s a n d s "  produced by mass ive  h y d r a u l i c  f r a c t u r i n g ,  
b u t  lower t h a n  LNG from A l g e r i a  and  s y n t h e t i c  g a s  f rom c o a l  
and o t h e r  s o u r c e s .  



GEOTHERMAL GEOPRESSURED RESOURCES 
IN TEXAS AND LOUISIANA 

D. Bebout 
Bureau of Economic Geology 
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Dr. Bebout presented a general review of the geothermal 
geopressured resources in Texas and Louisiana. For more than 
two and a half years the Bureau of Economic Geology and the 
Department of Petroleum Engineering, University of Texas at 
Austin, have been conducting a study to delineate areas 
favorable for the production of geopressured geothermal energy. 

Dr. Bebout covered step by step the process of arriving 
at the selection of a site for the geopressured test well 
near Houston, Texas. The process proceeded from the definition 
of the reservoir size, fluid temperature, porosity and perme- 
ability of an "ideal" model. 

A potential prospective area (fairway) must meet the 
following minimum requirements: 

Area : 50mi 
2 

Sand thickness : 300 ft 
Bottom hole temp : 3 0 0 ~ ~  
Permeability : 20 millidarcys (md) 

Adequate porosity (about 20%) was also an important 
consideration in selecting the prospective geothermal area. 
However, permeability is the most critical factor affecting 
fluid production rates and one of the major limiting factors 
is finding sufficient permeability with fluid temperatures 
,greater than 300°. This investigation was divided into two 
hajor phases: 

1. The study of the regional distribution of 
reservoir sandstones in geopressured Frio, 
Vicksburg and Wilcox Formations and identi- 
fication of fairways. 



2 .  A d e t a i l e d  s t u d y  o f  t h e s e  f a i r w a y s  i n  o r d e r  t o  
l o c a t e  f a v o r a b l e  a r e a s  i n  which t o  d r i l l  a  t e s t  
w e l l .  

Both p a r t s  have  been comple ted  f o r  t h e  F r i o  Format ion  and  f i v e  
geothermal  f a i r w a y s  have  been i d e n t i f i e d  a l o n g  t h e  F r i o  t r e n d  
i n  Texas: Hida lgo ,  Armstrong,  Corpus  C h r i s t i ,  Matagorda and 
B r a z o r i a  ( F i g u r e  2 )  . 

Massive s a n d s t o n e s  a r e  u s u a l l y  found between 6000 and 
9000 f e e t .  D r .  Bebout  emphasized  t h a t  t h e  most p r o m i s i n g  
r e s e r v o i r s  a r e  g e n e r a l l y  d e e p e r  t h a n  most o i l  and g a s  
r e s e r v o i r s  i n  t h e  Gulf  C o a s t .  D r .  Bebout  t h e n  d e s c r i b e d  
t h e  main p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  B r a z o r i a  Fairway, 
which was found t o  m e e t  t h e  s p e c i f i c a t i o n s  b e l i e v e d  n e c e s s a r y  
f o r  a  s u c c e s f u l  t e s t  o f  t h e  r e s o u r c e .  

The B r a z o r i a  Fa i rway  i s  l o c a t e d  i n  Sou th  W e s t  G a l v e s t o n  
and Sou the rn  B r a z o r i a n  c o u n t i e s .  It i s  20 m i l e s  l o n g  and  10 
m i l e s  wide: 

An e x t e n s i v e  p r o g r a d a t i o n  o c c u r r e d  d u r i n g  
d e p o s i t i o n  o f  t h e  l o w e r  p a r t  o f  t h e  f o r m a t i o n  
and l a r g e  q u a n t i t i e s  o f  s a n d  w e r e  t r a n s p o r t e d  
f a r  g u l f w a r d  o f  t h e  normal  t r e n d  o f  main s a n d  
d e p o s i t i o n .  T h i c k  d e l t a i c  s a n d s  accumula ted  
i n  a  l a r g e  s a l t - w i t h d r a w a l  b a s i n  bounded on 
t h e  u p d i p  s i d e  by  g r o w t h  f a u l t s  which d e v e l o p e d  
s i m u l t a n e o u s l y  w i t h  d e p o s i t i o n .  F l u i d  
t e m p e r a t u r e s  w i t h i n  t h i s  a c c u m u l a t i o n  of  
s e v e r a l  hundred f e e t  o f  s a n d s t o n e  a r e  h i g h e r  
t h a n  3000F. A f t e r  d e p o s i t i o n  o f  t h i s  lower  
p r o g r a d a t i o n a l  p a r t  o f  t h e  s e c t i o n ,  a  t r a n s -  
g r e s s i o n  o f  t h e  s h o r e l i n e  c a u s e d  t h e  main s a n d  
d e p o c e n t e r  t o  s h i f t  u p d i p  where p r o g r a d a t i o n  
resumed. However, t h e  upper  main s a n d  t r e n d  
o f  t h e  F r i o  n e v e r  a g a i n  r e a c h e d  g u l f w a r d  t o  
t h e  p o s i t i o n  o f  t h e  l o w e r  d e p o c e n t e r .  The 
t o p  o f  g e o p r e s s u r e  o c c u r s  j u s t  b e n e a t h  t h e s e  
u p d i p  m a s s i v e  s a n d s t o n e s  where  t h e  f l u i d  
t e m p e r a t u r e  i s  a p p r o x i m a t e l y  2 0 0 ° ~ .  The 
r e s e r v o i r  s a n d s t o n e s  o f  t h e  B r a z o r i a  Fa i rway  
a r e  d e l t a i c  i n  o r i g i n  and accumula ted  on t h e  
downdip s i d e  o f  g r o w t h  i n i t i a t e d  by s a l t  
movements . 

T h e i r  t h i c k n e s s  v a r i e s  f rom more t h a n  1200 feet, t o  t h e  S o u t h e a s t  
i n  t h e  Danburg D o m e  area t o  less t h a n  200 f e e t ,  t o  t h e  N o r t h e a s t  
a t  Choco la te  Bayou: 

P e r m e a b i l i t i e s  w i t h i n  t h e s e  r e s e r v o i r s  a r e  
g r e a t e r  t h a n  20 md: t h i s  h i g h  p e r m e a b i l i t y  
i s  r e l a t e d  t o  s e c o n d a r y  l e a c h e d  p o r o s i t y  
t h a t  d e v e l o p e d  i n  t h e  m o d e r a t e  t o  d e e p  
s u r f a c e .  C o n s e q u e n t l y  t h e  A u s t i n  Bayou 
g e o t h e r m a l  p r o s p e c t  h a s  been  i d e n t i f i e d  
i n  t h i s  Fai rway ( F i g  3 ) .  



D e t a i l e d  g e o l o g i c a l ,  g e o p h y s i c a l  and e n g i n e e r i n g  
s t u d i e s  conduc ted  i n  t h e  A u s t i n  Bayou P r o s p e c t  
have d e l i n e a t e d  a  g e o t h e r m a l  tes t  w e l l  s i t e .  
These  s t u d i e s  i n d i c a t e  t h a t  t h e  t o p  o f  t h e  s a n d  
s e c t i o n  w i l l  o c c u r  a t  a  d e p t h  o f  13500 f e e t  , and 
t h e  b a s e  a t  16500 f e e t .  A t o t a l  o f  800 t o  900 
f e e t  o f  s a n d s t o n e  s h o u l d  o c c u r  i n  t h i s  s e c t i o n  
o f  3000 f e e t  ( a t  l e a s t  30% o f  t h e  s a n d  w i l l  
have  core p e r m e a b i l i t i e s  o f  20 t o  60 md). 
The t e m p e r a t u r e  a t  t h e  t o p  o f  t h e  s a n d  s e c t i o n  
w i l l  b e  3000F. The e n t i r e  p r o s p e c t  e x t e n d s  o v e r  
a n  a r e a  o f  60 s q u a r e  m i l e s .  However, i n f o r m a t i o n  
a b o u t  t h e  d e p o s i t i o n a l  e n v i r o n m e n t s  i n  which 
t h e s e  s a n d s t o n e s  w e r e  d e p o s i t e d  i n d i c a t e s  t h a t  
e a c h  i n d i v i d u a l  s a n d s t o n e  s h o u l d  n o t  b e  e x p e c t e d  
t o  b e  c o n t i n u o u s  f o r  more t h a n  2  m i l e s  i n  a  s t r i k e  
d i r e c t i o n .  I n  t h e  A u s t i n  Bayou P r o s p e c t ,  forma- 
t i o n  w a t e r  w i t h  s a l i n i t y  between 60000 and 
80000 ppm and a  t e m p e r a t u r e  o f  3000F s h o u l d  c o n t a i n  
40 t o  45 c u .  f t .  o f  methane i n  s o l u t i o n .  Water  
produced ( a b o u t  5% o f  t h e  f l u i d  i n  p l a c e )  a t  a  
r a t e  o f  20000 t o  40000 BWPD from a  w e l l  w i l l  b e  
d i s p o s e d  o f  by i n j e c t i o n  i n t o  younger  s a n d s t o n e  
r e s e r v o i r s .  

I n  h i s  l e t t e r  of 17 J u l y ,  1979,  D r .  Dorfman g a v e  more 
i n f o r m a t i o n  on  t h i s  t e s t - w e l l :  

W e  have  j u s t  comple ted  t h e  f i r s t  g e o p r e s s u r e d  
w e l l  i n  T e x a s ,  and it a p p e a r s  t o  b e  a s  p l a n n e d ,  
based on e a r l y  tests.  The w e l l  a p p e a r s  c a p a b l e  
o f  p r o d u c i n g  o v e r  30,000 BWPD a t  a  t e m p e r a t u r e  
of  150°c, w i t h  a  d i s s o l v e d  g a s  r a t i o  o f  
20-25 S c f / b b l ,  T h i s  i s  a  b i t  less t h a n  p r e d i c t e d ,  
b u t  l o n g  t e r m  t e s t i n g  w i l l  d e t e r m i n e  w h e t h e r  o r  
n o t  t h i s  i n i t i a l  e s t i m a t e  i s  a c c u r a t e .  

I n  c l o s i n g  h i s  p r e s e n t a t i o n ,  D r .  Bebout  s a i d  t h a t  t h e  
r e s e r v o i r ' s  pe r fo rmance  was n o t  y e t  known, The r e s e r v o i r ' s  
d r i v i n g  f o r c e  i s  n o t  c o m p l e t e l y  u n d e r s t o o d - - f o r  example ,  t h e  
e v a l u a t i o n  o f  p o r o s i t y  and p e r m e a b i l i t y  w i t h  d e c r e a s e d  
p r e s s u r e  h a s  o n l y  been s t u d i e d  a s  a  l a b o r a t o r y  tes t .  
F u r t h e r  i n f o r m a t i o n  on D r .  B e b o u t ' s  p r e s e n t a t i o n  i s  a v a i l a b l e  
i n  t h e  R e p o r t  o f  I n v e s t i g a t i o n s  No. 91 which  was p u b l i s h e d  
by t h e  Bureau o f  Economic Geology i n  1978 and  i s  e n t i t l e d  
" F r i o  S a n d s t o n e  R e s e r v o i r s " .  

The p r e s e n t a t i o n  was f o l l o w e d  by s e v e r a l  q u e s t i o n s  which 
a r e  summarized a s  f o l l o w s :  

- - Q .  Is t h e r e  any hydrodynamic c o n n e c t i o n  between 
t h e  g e o p r e s s u r e d  p r o s p e c t i v e  a r e a ?  

A. No, t h e  b l o c k s  a r e  i s o l a t e d  b e c a u s e  o f  t h e  
d e p o s i t i o n a l  env i ronment .  

-- Q. Approx imate ly  what  i s  ' t h e  volume o f  w a t e r  
i n  t h e  p r o s p e c t  a r e a ?  



The B r a z o r i a  t es t  w e l l  p r o s p e c t i v e  s i t e  h a s  
a p p r o x i m a t e l y  360 b i l l i o n  c u b i c  f e e t  o f  
s a n d s t o n e !  

What d o e s  t h e  s t a t e m g t  "5% o f  t h e  f l u i d s  
w i l l  be  p roduced"  mkan p r e c i s e l y ?  

I t  i s  e x p e c t e d  t h a t  a p p r o x i m a t e l y  5% o f  t h e  
i n  p l a c e  f l u i d s  w i l l  b e  p roduced  a s  a  r e s u l t  
o f  r e s e r v o i r  d e p l e t i o n  f rom t h e  o r i g i n a l  
p r e s s u r e  t o  h y d r o s t a t i c  p r e s s u r e .  

How c a n  t h e  s t a b l e  ra te  o f  f l o w  b e  e n s u r e d  
f rom h i g h  p r e s s u r e  z o n e s  t h a t  are i s o l a t e d  
by g rowth  f a u l t s .  

G e o p r e s s u r e d  z o n e s  are  n o t  s u r f a c e  c o n n e c t e d ;  
t h e r e f o r e ,  l a r g e  f l o w  r a t e s  r e q u i r e  l a r g e  
s a n d s t o n e  b o d i e s .  

What i s  t h e  e x t e n t  o f  s a n d s t o n e  i n  t h e  G u l f  
C o a s t  B a s i n ?  

I n  Texas  and  L o u i s i a n a  t h e  f o r m a t i o n s  are  
d i s t r i b u t e d  o v e r  800 m i l e s  a l o n g  t h e  
c o a s t l i n e .  

Expec ted  s a l i n i t y ?  

60 ,000 PPM 

How d o e s  o n e  u s e  t h e r m a l  e n e r g y  o r  f l u i d s ?  

S e v e r a l  methods:  

1 .  Thermal  w a t e r  f l o o d  o f  o i l  r e s e r v o i r s  
2 .  S u l p h u r  e x t r a c t i o n  
3.  P r o c e s s  h e a t  a p p l i c a t i o n  

Is s a l i n i t y  a n  o b s t a c l e ?  

For  some a p p l i c a t i o n s - - y e s ,  f o r  o t h e r s - - n o .  



THE NATURE OF ABdORMALLY H I G H  FORMATION 
PRESSURES I N  RECENT PRESSURE ZONES AND 
QUESTIONS CONCERNING THEIR FORECASTING 

D r .  A.  I .  A l i e v  
All-Union R e s e a r c h  I n s t i t u t e  o f ,  
P r e p a r a t i o n ,  T r a n s p o r t a t  i o n  and  
P r o c e s s i n g  o f  N a t u r a l  Gas,  Baku, 
U.S.S.R. 

D r .  A l i e v  d i s c u s s e d  h i g h  p r e s s u r e d  zones  i n  t h e  Caspian  
Depress ion  Area .  A summary of  h i s  p a p e r  f o l l o w s .  F o r  f u r t h e r  
d e t a i l s  see t h e  Appendix.  

SUMMARY OF PAPER 

~ u r i n g  t h e  e x p l o r a t i o n  o f  d e p o s i t s  o f  p e t r o l e u m  and g a s  
a t  g r e a t  d e p t h s ,  and i n  p a r t i c u l a r  i n  g e o l o g i c a l l y  r e c e n t  
p r e s s u r e  z o n e s  p o s s e s s i n g  a n  a c t i v e  t e c t o n i c  r e g i m e ,  ma jo r  
c o m p l i c a t i o n s  and a c c i d e n t s  s o m e t i m e s  o c c u r  d u e  t o  i n t e n s e  
m a n i f e s t a t i o n s  o f  a b n o r m a l l y  h i g h  f o r m a t i o n  p r e s s u r e  (AHFP) ; 
f r e q u e n t l y ,  v e r y  d e e p ,  and t h e r e f o r e  e x p e n s i v e ,  w e l l s  a r e  
abandoned f o r  t e c h n i c a l  r e a s o n s .  T h i s  s i g n i f i c a n t l y  d e c r e a s e s  
t h e  e f f e c t i v e n e s s  o f  d r i l l i n g  e x p l o r a t i o n  a n d  d e l a y s  t h e  d i s -  
covery  of p r o d u c t i v e  p e t r o l e u m  d e p o s i t s .  

G e o l o g i c a l l y  r e c e n t  p r e s s u r e  z o n e s  w i t h  t h i c k  d e p o s i t s  
of  sed iment  a r e  u s u a l l y  c h a r a c t e r i z e d  by a  compress ion  regime 
of  w a t e r - b e a r i n g  s y s t e m s  where ,  i n  c o n n e c t i o n  w i t h  t h e  c o n t i n u -  
i n g  p r o c e s s e s  o f  g r a v i t a t i o n a l  compact ion  o f  r o c k  t y p e s ,  t h e  
g r a d i e n t s  o f  p o r o u s  p r e s s u r e  g r e a t l y  exceed  t h e  h y d r o s t a t i c  
g r a d i e n t .  These  g r a d i e n t s  o f  p o r o u s  p r e s s u r e  a r e  d i r e c t e d  
towards  t h e  s i d e  o f  de tachment  and d i s c h a r g e  o f  s e d i m e n t a r y  
w a t e r s  i . e .  f rom t h e  c l a y  b e d s  t o  t h e  a l l u v i a l  s a n d  c o l l e c t o r s ,  
and from t h e  zones  o f  t h e  g r e a t e s t  warp ing  t o  t h e  zones  o f  
d i s c h a r g e .  T h i s  i s  i l l u s t r a t e d  by e x a m i n a t i o n  o f  d a t a  f o r  
t h e  South  C a s p i a n  B a s i n ,  where it i s  found t h a t  t h e  g r a d i e n t s  
of  f o r m a t i o n  p r e s s u r e s  beyond t h e  c o n t o u r s  o f  t h e  pe t ro leum-  
c o n t a i n i n g  s t r a t a  i n c r e a s e  i n  t h e  d i r e c t i o n  o f  t h e  r e g i o n a l  
submersion o f  s t r a t a .  I n  t h e  p r e s e n c e  o f  g a s  d e p o s i t s  o f  
g r e a t  h e i g h t s  under  c o n d i t o n s  o f  r e g i o n a l  development  o f  
AHFP i n  t h e  e n t i r e  water -head s y s t e m ,  t h e  i r r e g u l a r  f o r m a t i o n  
o f  p r e s s u r e s  may o b t a i n  t h e  maximum v a l u e s  a t  t h e  expense  o f  
a d d i t i o n a l  s u r p l u s  p r e s s u r e s .  



I n  t h i s  p a p e r  c a l c u l a t i o n s  o f  s u r p l u s  p r e s s u r e s ,  depending 
on t h e  h e i g h t  of  g a s ,  g a s - c o n d e n s a t e ,  and p e t r o l e u m  d e p o s i t s ,  
a r e  p r e s e n t e d ;  a l s o ,  a  number o f  q u e s t i o n s  a r e  examined con- 
c e r n i n g  t h e  e v a l u a t i o n  o f  t h e  development  o f  AHFP and t h e  f o r e -  
c a s t i n g  o f  AHFPs i n  new e x p l o r a t o r y  a r e a s ,  w i t h  t h e  o b j e c t i v e  
o f  a v o i d i n g  p o s s i b l e  c o m p l i c a t i o n s  d u r i n g  d r i l l i n g .  



OPERATIONS RESEARCH AND SYSTEMS ANALYSIS 
OF GEOTHERMAL GEOPRESSURED RESOURCES 

D r . ,  D.  Zinn,  
The U n i v e r s i t y  of Texas 
U.S.A. 

D r .  Zinn gave d e t a i l e d  in format ion  on t h e  o p e r a t i o n s  r e s e a r c h  
and systems a n a l y s i s  a s p e c t s  of  geothermal  geopres su red  r e s o u r c e s  
which are c u r r e n t l y  be ing  c a r r i e d  o u t  by t h e  Cente r  f o r  Energy 
S t u d i e s  a t  t h e  U n i v e r s i t y  of  Texas. Th i s  p r o j e c t  i s  be ing  f inanced  
by t h e  U . S .  Department of  Energy (DOE)--for f u r t h e r  d e t a i l s  r e f e r  
t o  Research Report  No. 10 from t h e  Cen te r  f o r  Energy S t u d i e s  
e n t i t l e d  "Opera t ionsResearch  and Systems A n a l y s i s  of  Geothermal/ 
Geopressured Resources  i n  Texas".  

P r e l i m i n a r y  s c e n a r i o s  have been prepared  based on t h e  
c o n s t r u c t i o n  o f  an e lectr ic  p l a n t ,  i n i t i a l l y  w i t h  a c a p a c i t y  
of 25-30 MW. The c o n s t r u c t i o n  i s  planned t o  t a k e  p l a c e  a t  t h e  
Brazor ia  County w e l l  s i t e  i n  1982. By 1998 a l l  50 development 
w e l l s  cou ld  be d r i l l e d  h e r e  and by 2010 a l l  p r o s p e c t i v e  F r i o  
fa i rways  cou ld  be d r i l l e d  and i n  p roduc t ion .  The a v a i l a b i l i t y  
of deep d r i l l i n g  r i g s  ( t h e r e  a r e  50 deep d r i l l i n g  r i g s  i n  t h e  
Gulf a r e a )  would n o t  appear  t o  be a r e s t r i c t i o n .  The t ime  
r equ i r ed  t o  d r i l l  a  p roduc t ion  w e l l  i s  e s t i m a t e d  t o  be 4 months. 
The key f a c t o r  is  t h e  c o n s t r u c t i o n  t i m e  o f  t h e  power p l a n t  
(about  3 y e a r s ) .  I n  f a c t  t h e r e  would probably  have t o  be  more 
smal l  w e l l s  t h a n  i n  t h e  s tudy .  

I n  1978 p r i c e s ,  e l e c t r i c i t y  a t  t h e  g e n e r a t i o n  t e r m i n a l  
could be s o l d  a t  $ 5 / k i l o w a t t  hour ( $  4.00/thousand c u b i c  f e e t  
e q u i v a l e n t )  . A new program a n t i c i p a t e s  s i n g l e - w e l l  p roduc t ion  
and smal l  e l e c t r i c a l  p l a n t s  w i t h  5 MW c a p a c i t y  s i n c e  it i s  
d i f f i c u l t  t o  f i n d  a r e s e r v o i r  l a r g e  enough t o  s u p p o r t  many 
product ion w e l l s .  S o l u t i o n  g a s  cou ld  be produced a t  $ 4 t o  
$ 5/thousand c u b i c  f e e t  and one geopressured  w e l l  o f  40000 b/d 
would produce 2 l o6  c u b i c  f e e t  of  g a s  p e r  day. 

Two p o s s i b l e  methods f o r  d i s p o s i n g  o f  t h e  g a s  p r e s s u r e  
f l u i d  w e r e  examined: sha l low and deep r e i n j e c t i o n .  Shallow 



r e i n j e c t i o n  t r a n s f e r s  t h e  e f f l u e n t  from t h e  power p l a n t  i n t o  
s a l i n e  a q u i f e r s  a t  r e l a t i v e l y  sha l low d e p t h s .  Deep r e i n j e c t i o n  
t r a n s f e r s  t h e  e f f l u e n t  back i n t o  t h e  producing r e s e r v o i r  which 
v a r i e s  i n  dep th  from 12000 t o  20000 f e e t .  Deep r e i n j e c t i o n  i s  
much more expens ive  i n  t e r m s  of bo th  i n i t i a l  c o s t  and o p e r a t i o n  
b u t  it may h e l p  t o  ma in t a in  r e s e r v o i r  p r e s s u r e ,  t o  i n c r e a s e  t h e  
produc t ion  of f l u i d s  and t o  minimize s u r f a c e  subs idence  problems. 
P re l imina ry  e s t i m a t e s  are t h a t  deep r e i n j e c t i o n  may i n c r e a s e  t h e  
l i f e t i m e  of t h e  r e s e r v o i r  by a f a c t o r  of  two and t h e  t o t a l  
recovery  by a f a c t o r  o f  t h r e e .  

The t o t a l  inves tment  r e q u i r e d  f o r  t h e  development o f  t h e  
geopressured r e s o u r c e  i s  r e l a t i v e l y  h igh - - s imi l a r  t o  t h a t  of  
syngas--with t h e  p r e s e n t  c o s t  of  n a t u r a l  g a s  (approximate ly  
$ 2 pe r  1000 c u b i c  f e e t )  and i t s  a v a i l a b i l i t y ,  s o  t h a t  t h e  
geopressured r e s o u r c e  is  n o t  c u r r e n t l y  economica l ly  f e a s i b l e .  
However, a t  p r e s e n t  i n  t h e  United S t a t e s ,  n e g o t i a t i o n s  are 
now underway w i t h  Mexican o f f i c i a l s  f o r  g a s  a t  $ 3.50; g a s  
from t h e  North S lope ,  Alaska,  w i l l  c o s t  $ 6 and l i q u i f i e d  
n a t u r a l  gas  from A l g e r i a  now c o s t s  $ 4.50. The h i g h e r  p r i c e  
of unconvent ional  s o u r c e s  of g a s  p u t s  t h e  geopres su red  energy  
i n t o  a  more f a v o r a b l e  p e r s p e c t i v e .  A rough estimate of  t h e  
c o s t  of  a geopressured  p roduc t ion  u n i t  i s  g iven  on page 15. 

A t  p r e s e n t ,  t h e  Uni ted S t a t e s  Department of  Energy i s  
suppor t ing  t h e  Geopressure  Program.   his p r o j e c t  w i l l  o n l y  
be c a r r i e d  o u t  as a r e s e a r c h  e f f o r t  by t h e  Department o f  Energy; 
economic u t i l i z a t i o n  w i l l  have t o  be i n i t i a t e d  by p r i v a t e  
i ndus t ry .  By t h e  y e a r  2000 it may be c o m p e t i t i v e  w i t h  syngas ,  
t a r  sands ,  e t c . ,  and cou ld  be economica l ly  a t t r a c t i v e .  There  
a r e  o t h e r  i n c e n t i v e s  f o r  t h e  u se  o f  geopres su red  g a s  i n  t h e  
United S t a t e s .  Within  t h e  n e x t  2  y e a r s  it w i l l  no  l o n g e r  b e  
p o s s i b l e  t o  use  g a s  as b o i l e r  f u e l  f o r  t h e  g e n e r a t i o n  o f  
e l e c t r i c i t y .  However, t h i s  does  n o t  i n c l u d e  s o l u t i o n  g a s  from 
t h e  geopressured zone--thus,  geopres su red  g a s  becomes more 
va luab le .  It should  a l s o  be  p o i n t e d  o u t  t h a t  t h e  geopressured  
r e sou rce  i s  l o c a t e d  a l o n g  t h e  Texas and Lou i s i ana  Gulf C o a s t s  
where g a t h e r i n g  p i p e l i n e s  a r e  e x t e n s i v e l y  d i s t r i b u t e d .  
I n d u s t r i a l  development i n  t h i s  area consumes l a r g e  q u a n t i t i e s  
of p rocess  h e a t ,  t h u s  p r o v i d i n g  a l o c a l  need f o r  h o t  w a t e r .  

The Texas geopressured  r e s o u r c e s ,  as p r e s e n t e d  h e r e ,  s e e m  
t o  be r e l a t i v e l y  s m a l l  and r a t h e r  l i m i t e d .  However, t h e  geo- 
p ressured  f a i r w a y s  and p r o s p e c t s  s e l e c t e d  t o  d a t e  have been 
designed t o  t e s t  r e s e r v o i r s  w i th  f l u i d  t e m p e r a t u r e s  h i g h e r  t h a n  
1500C (3000F). Even w i t h i n  t h e  zones o f  h i g h e r  t e m p e r a t u r e  
t h e s e  a r e a s  r e p r e s e n t  o n l y  t h e  ve ry  b e s t  s i t e s  which should  
be t e s t e d  f i r s t .  L a t e r ,  i f  e a r l y  tests are f a v o r a b l e ,  a r e a s  
which . a r e  now o f  lesser i n t e r e s t  may be developed.  I n  a d d i t i o n ,  
i n  sha l lower  r e s e r v o i r s  s ands tone  u n i t s  are commonly t h i c k e r  
and .have  h ighe r  p e r m e a b i l i t y .  These f a c t o r s  i n c r e a s e  t h e  
p o t e n t i a l  of  lower- temperature  geopres su red  r e s e r v o i r s .  Lower 
tempera ture ,  lower p r e s s u r e  and h i g h e r  s a l i n i t i e s  d e c r e a s e  
t h e  p o t e n t i a l .  Regional  assessment  o f  t h e s e  sha l lower  zones  
i s  now being under taken .  



GEOPRESSURE PRODUCTION UNITS 

CHARACTERISTICS 

- P r o d u c t i o n  w e l l  : 

- D i s p o s a l  w e l l  : 

n u m b e r  : 1  

d e p t h  : 1 5 0 0 0  f t  

n u m b e r  : 2  

d e p t h  : 1  s h a l l o w  ( - 5 0 0 0 - 7 0 0 0  f t )  

: 1  deep ( - 1 5 0 0 0  f t )  

- E l e c t r i c  G e n e r -  . 
a t i n g  p l a n t  

5MW - S m a l l  w e l l  h e a d  u n i t  

- F u e l  p l a n t  f o r  w a t e r / g a s  s e p a r a t i o n  

CAPITAL COST ( 1  9 7 8  U.S. Dol lars)  

- P r o d u c t i o n  w e l l  : $ 2  - $ 3  1'06 

Disposal w e l l  : $ 2 . 5  1  o6 

E l e c t r i c  p l a n t  : $ 3  1  o6 

F u e l  p l a n t  $ 2  - $ 4  l o 6  for  4 0 0 0 0  b b l / d a y  

T o t a l  c a p i t a l  cost  - $ 1 1  1  o6 

ENERGY PRODUCED 

G a s  p r o d u c t i o n  

w i t h  4 0  s c f / b b l  T o t a l  g a s  p r o d u c t i o n  = 1 6 0 0  M c f / d a y  

6 9  w i t h  1  . 1 0  Btu/Mcf T o t a l  BTU's  p r o d u c e d  = 1  . 6  1 0  B ~ U / d a y  

E l e c t r i c i t y  

9 
Usable e l ec t r i c  e n e r g y  : 0 .4  1 0  BTU/day 

9 
T o t a l  e n e r g y  p r o d u c e d  : 2 . 0  1 0  BTU/day 

B b l  of o i l  e q u i v a l e n t  per d a y  : 2  10' = 3 3 0  b b l / d a y  

6  l o 6  

CAPITAL COST PER BBL O F  O I L  EQUIVALENT : $ 3 3 . 3 3  



T h i s  p r e s e n t a t i o n  was f o l l o w e d  by a  g e n e r a l  d i s c u s s i o n .  
D r .  Malevansky ment ioned  t h a t  g e o t h e r m a l  e n e r g y  i s  b e i n g  produced 
i n  many a r e a s  w i t h i n  t h e  U.S.S.R. and  i s  b e i n g  u s e d  f o r  h e a t i n g  
and a g r i c u l t u r e .  Some o f  t h e  w e l l s  a r e  a r t e s i a n  and some a r e  
pumped. Most o f  t h e s e  a r e  from g e o p r e s s u r e d  r e s e r v o i r s  b u t  some 
are a s  deep as 3000 meters. The h e a t  i s  used  l o c a l l y .  

I n  t h e  U n i t e d  S t a t e s  on  t h e  o t h e r  hand,  deve lopment  o f  t h i s  
geo the rmal  r e s o u r c e  i s  l i m i t e d  t o  Oregon and  Utah.  The Utah 
r e s o u r c e  i s  300 meters d e e p  and t h e  w a t e r  i s  o f  low s a l i n i t y .  
Resea rch  a t  t h e  U n i v e r s i t y  of  Texas  i s  now underway t o  d e v e l o p  
low t e m p e r a t u r e ,  low s a l i n i t y ,  g e o t h e r m a l  r e s o u r c e s  i n  c e n t r a l  
Texas.  A w e l l  i s  now b e i n g  d r i l l e d  t o  tes t  t h i s  e n e r g y  r e s o u r c e .  
The Department  o f  Energy  and G e n e r a l  Crude O i l  No. 2 P l e a s a n t  
Bayou w e l l ,  j u s t  completed i n  B r a z o r i a  County,  T e x a s ,  w i l l  b e  
t h e  w o r l d ' s  f i r s t  t e s t  r e c o v e r y  o f  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 o u r c e .  

The m a j o r  p rob lem i n  p r o d u c i n g  g e o t h e r m a l  e n e r g y  i n  t h e  
U.S.S.R. i s  t h e  r e s u l t i n g  m i n e r a l i z a t i o n .  The i n v e s t m e n t s  needed 
t o  e x t r a c t  t h e  sa l t s  c o n t a i n e d  are h i g h  and a t  p r e s e n t  uneconomical .  
With t e c h n o l o g i c a l  p r o g r e s s  i n  removal  o f  sal ts  and i n c r e a s i n g  
need f o r  t h e s e  m i n e r a l s  i n  t h e  f u t u r e ,  such  w a t e r s  w i l l  become 
o f  i n c r e a s i n g  i m p o r t a n c e .  The p r e s e n t  v a l u e  o f  t h e  h e a t  d o e s  n o t  
j u s t i f y  t h e  h i g h  cost  o f  i n j e c t i o n  i n t o  t h e  s u b s u r f a c e .  

I n  c o n c l u s i o n ,  it was s u g g e s t e d  t h a t  t h e  p o s s i b i l i t y  t h a t  
v a s t  q u a n t i t i e s  o f  s o l u t i o n  g a s  and h o t  w a t e r  e x i s t  i n  geopres -  
s u r e d  zones  j u s t  i f  ies  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 a r c h  program 
now underway i n  t h e  U n i t e d  S t a t e s  Gulf  C o a s t .  T h e r e  is, however,  
a q u e s t i o n  a s  t o  t h e  u n i q u e n e s s  o f  t h i s  young b a s i n .  C e r t a i n l y  
t h e  Niger  B a s i n  i n  N i g e r i a  and  t h e  S o u t h  C a s p i a n  B a s i n  are v e r y  
s i m i l a r .  The p r e s e n t - d a y  economics  are n o t  f a v o r a b l e  f o r  
e x t e n s i v e  p r o d u c t i o n .  However, i n  f u t u r e  y e a r s ,  w i t h  r i s i n g  
p r i c e s  of  g a s  and d e c r e a s i n g  g a s  p r o d u c t i o n ,  t h i s  r e s o u r c e  may 
have economic p o t e n t i a l .  
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D r .  R .  Loucks 
Bureau o f  Economic Geology,    ex as 
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D r .  Loucks p r e s e n t e d  t h e  main r e s u l t s  of  t h e  a n a l y s i s  o f  
t h e  q u a l i t y  o f  l o w e r  s a n d s t o n e  r e s e r v o i r s  a l o n g  t h e  Texas 
Gulf  C o a s t .  The f o l l o w i n g  i s  an a b s t r a c t  o f  t h e  r e p o r t  by  
Loucks, Dodge and Gal loway,  which i n c l u d e s  t h e  main c o n c l u s i o n s  
o f  t h e  p r e s e n t a t i o n .  

A n a l y s i s  o f  r e s e r v o i r  q u a l i t y  o f  lower  T e r t i a r y  s a n d s t o n e s  
a l o n g  t h e  Texas  Gulf  C o a s t  d e l i n e a t e s  a r e a s  m o s t  f a v o r a b l e  f o r  
g e o p r e s s u r e d  g e o t h e r m a l  e x p l o r a t i o n .  R e s e r v o i r  q u a l i t y  is  de-  
t e r m i n e d  by whole c o r e ,  a c o u s t i c  l o g ,  and  p e t r o g r a p h i c  a n a l y s e s .  

Wilcox s a n d s t o n e s  e x h i b i t  n o  r e g i o n a l  r e s e r v o i r  q u a l i t y  
t r e n d s .  I n  t h e  Lower and p a r t s  o f  t h e  Middle  a n d  Upper Texas  
Gulf  C o a s t  t h e  s a n d s t o n e s  are r e l a t i v e l y  w e l l  c o n s o l i d a t e d ,  b u t  
i n  o t h e r  p a r t s  o f  t h e  Middle  and  Upper Texas Gulf  C o a s t  t h e y  
show a  r e v e r s a l  t o w a r d s  i n c r e a s e d  p o r o s i t y  a t  d e p t h .  Vicksburg  
s a n d s t o n e s  have  t h e  p o o r e s t  r e s e r v o i r  q u a l i t y  o f  s a n d s t o n e s  o f  
any f o r m a t i o n  f e a s i b l e  f o r  g e o t h e r m a l  e n e r g y .  F r i o  s a n d s t o n e s  
show a  s y s t e m a t i c  i n c r e a s e  i n  r e s e r v o i r  q u a l i t y  f rom t h e  Lower 
t o  Upper Texas  Gul f  C o a s t .  T h i s  i n c r e a s e  i n  r e s e r v o i r  q u a l i t y  
c o r r e l a t e s  w i t h  c h a n g e s  i n  r o c k  c o m p o s i t i o n  and  c e m e n t a t i o n .  
A c o u s t i c  l o g  a n a l y s i s  s u b s t a n t i a t e s  a p r o g r e s s i o n  o f  g r e a t e r  
c o n s o l i d a t i o n  f rom t h e  Upper t o  t h e  Lower T e x a s  Gulf  C o a s t .  

Wilcox s a n d s t o n e s  a r e  p o o r l y  t o  m o d e r a t e l y  s o r t e d ,  f i n e -  
g r a i n e d ,  q u a r t z o s e  l i t h i c  a r k o s e s ,  becoming more q u a r t z - r i c h  
from t h e  Upper t o  t h e  Lower Texas  Gul f  C o a s t .  Most r o c k  
f ragments  :are metamorphic and v o l c a n i c .  Vicksburg  s a n d s t o n e s  
a r e  p o o r l y  s o r t e d ,  f i n e - g r a i n e d  l i t h i c  a r k o s e s .  Rock f r a g m e n t s  
a r e  ma in ly  v o l c a n i c  c las ts  w i t h  lesser c a r b o n a t e  and minor  
metamorphic c las ts .  F r i o  s a n d s t o n e s  r a n g e  f rom p o o r l y  s o r t e d ,  
f i n e - g r a i n e d ,  f e l d s p a t h i c  l i t h a r e n i t e s  t h r o u g h  l i t h i c  a r k o s e s  
i n  t h e  Lower Texas  Gulf  C o a s t  t o  p o o r l y  s o r t e d ,  f i n e - g r a i n e d  



qua r t zose  l i t h i c  a r k o s e s  t o  suba rkose s  i n  t h e  Upper Texas  Gulf  
Coas t .  Volcan ic  rock  f r agmen t s  predominate  i n  a l l  a r e a s ;  
c a r b o n a t e  rock f r agmen t s  a r e  common i n  t h e  Lower Texas  Gulf  
Coas t .  

In  s p i t e  o f  v a r i a t i o n s  i n  compos i t i on ,  lower  T e r t i a r y  
s ands tones  e x h i b i t  a  s i m i l a r  d i a g e n e t i c  sequence  i d e a l i z e d  
a s  f o l l ows :  

S u r f a c e  t o  Sha l low S u b s u r f a c e  D i a g e n e s i s  ( 0  t o  1 ,200  m L ;  
0  t o  4,000 f t ' )  b e g i n s  w i t h  fo rma t ion  o f  pedogen ic  c l a y  
c o a t s ,  l e a c h i n g  o f  f e l d s p a r ,  and rep lacement  o f  f e l d s p a r  
by c a l c i t e .  Minor amounts o f  k a o l i n i t e ,  f e l d s p a r  ove r -  
growths ,  and F e - r i c h  c a r b o n a t e  a r e  l o c a l l y  p r e c i p i t a t e d .  
P o r o s i t y  is  commonly r educed  by compaction f o r  t h e  
o r i g i n a l  40 p e r c e n t  t o  less t h a n  30 p e r c e n t .  

+ 
Moderate s u b s u r f a c e  d i a g e n e s i s  (1 ,200  t o  3,400 m-; 
4,000 t o  11,000 f t ' )  i n v o l v e s  l e a c h i n g  of e a r l y  
c a r b o n a t e  cements  and subsequen t  c emen ta t i on  by q u a r t z  
overgrowths  and l a t e r  by c a r b o n a t e  cement. Cementa t ion  
commonly r e d u c e s  p o r o s i t y  t o  10 p e r c e n t  o r  less, b u t  
t h i s  t r e n d  may b e  r e v e r s e d  by l a t e r  l e a c h i n g  o f  f e l d s p a r  
g r a i n s ,  r ock  f r agmen t s ,  and c a r b o n a t e  cements .  Resur rec -  
t i o n  o f  p o r o s i t y  t o  more t h a n  30 p e r c e n t  can  o c c u r ,  b u t  
t h i s  may b e  reduced  o n c e  more by l a t e r  c emen ta t i on  by 
k a o l i n i t e ,  F e - r i c h  d o l o m i t e ,  and a n k e r i t e .  

Deep s u b s u r f a c e  d i a g e n e s i s  (>3 ,400  mL;  >11,000 f t ' )  
is a  c o n t i n u a t i o n  o f  l a t e  Fe - r i ch  c a r b o n a t e  cement 
p r e c i p i t a t i o n .  

D i f f e r e n c e s  i n  i n t e n s i t y  o f  d i a g e n e t i c  f e a t u r e s  t h a t  may 
cor respond  t o  changes  i n  r o c k  compos i t ion  d i s t i n g u i s h  a r e a s  o f  
h i g h  r e s e r v o i r  q u a l i t y  a l o n g  t h e  Texas  Gulf Coas t .  Lower Texas  
Vicksburg and F r i o  r e s e r v o i r s  have  e x t e n s i v e  l a t e  c a r b o n a t e  
cementa t ion ,  whereas  i n  t h e  Upper Texas  Gulf C o a s t  c a r b o n a t e  
cementa t ion  is minor.  Wilcox r e s e r v o i r s  show no  s i m p l e  t r e n d ;  
q u a r t z  and lesser c a r b o n a t e  a r e  t h e  dominant p o r o s i t y - r e d u c i n g  
cements f o r  which p r e c i p i t a t i o n  is governed by l o c a l  chemica l  
and p h y s i c a l  c o n d i t i o n s .  

The Wilcox Group h a s  good r e s e r v o i r  p o t e n t i a l  f o r  geo- 
p r e s su red  geo thermal  e n e r g y  i n  t h e  Middle Texas  Gulf C o a s t  
and p o s s i b l y  i n  a d j a c e n t  a r e a s ,  b u t  o t h e r  Wilcox s a n d s t o n e s  
a r e  marg ina l .  The Vicksburg  Format ion i n  t h e  Lower Texas  
Gulf Coast  i s  n o t  p romis ing .  R e s e r v o i r  q u a l i t y  i n  t h e  F r i o  
Formation i n c r e a s e s  from v e r y  poor  i n  lowermost Texas,  t h r o u g h  
marg ina l  i n  t h e  Middle Texas  Gulf  Coas t  t o  good t h rough  t h e  
Upper Texas Gulf Coas t .  The F r i o  Format ion i n  t h e  Upper Texas  
Gulf Coast  h a s  t h e  b e s t  d e e p - r e s e r v o i r  q u a l i t y  o f  any u n i t  
a l ong  t h e  Texas Gulf  Coas t .  



F i g u r e s  4 and 5 a r e  t a k e n  from Loucks,  Dodge and Galloway 
a n d  i l l u s t r a t e  p o i n t s  made i n  t h e  p a p e r .  F i g u r e  4 shows t h e  
v a r i a t i o n s  i n  t h e  r e l a t i v e  p r o p o r t i o n s  o f  r o c k  components 
( q u a r t z ,  f e l d s p a r ,  v o l c a n i c  and c a r b o n a t e  r o c k  f r a g m e n t s )  o f  
t h e  s a n d s t o n e  r e s e r v o i r  from t h e  Upper t o  Lower Texas  Gulf  
Coas t .  F i g u r e  5 i l l u s t r a t e s  t h e  f a c t  t h a t  v a r i a t i o n s  i n  
t h e  c o n s o l i d a t i o n  s e q u e n c e s  o f  s a n d s t o n e  from d i f f e r e n t  a r e a s  
a long  t h e  Texas  Gulf  C o a s t  produce  a  wide  r a n g e  o f  r e s e r v o i r  
q u a l i t y .  Knowledge o f  t h e  s a n d s t o n e  c o n s o l i d a t i o n  h i s t o r y  i s  
an  i m p o r t a n t  t o o l  i n  p r e d i c t i n g  b o t h  a r e a l  and v e r t i c a l  
r e s e r v o i r  q u a l i t y ;  c o n t i n u e d  s t u d i e s  o f  t h i s  t y p e  are e s s e n t i a l  
f o r  h e l p i n g  i n  t h e  f u l l  development  o f  t h e  r e s o u r c e .  
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D r .  Malev 
t o  examine t h e  
p a p e r  i s  e n c l o  

a n s k y ' s  p a p e r  gave  t h e  p a r t i c i p a n t s  an  o p p o r t u n i t y  
d r i l l i n g  problems i n  g e o p r e s s u r e  zones .  The 

s e d  a s  a n  Appendix. 

Ana lyses  o f  w a t e r  s amples  from w e l l s  show t h a t  s a l i n i t y  
i s  a b o u t  60000 mg/l ,  i . e .  t w i c e  a s  much a s  t h a t  o f  sea water. 
Moreover t h e  water i s  t o o  h o t  (-1200F) f o r  d i s p o s a l  i n  s h a l l o w  
w a t e r .  F i n a l l y  a n a l y s e s  o f  t h e s e  g e o p r e s s u r e d  waters show 
Boron c o n c e n t r a t i o n s  r a n g i n g  from 12 t o  42 mg/l which migh t  
prove  v e r y  d a n g e r o u s  f o r  p l a n t s  and f i s h e s .  A l l  t h e s e  c h a r a c -  
t e r i s t i c s  w i l l  p r o b a b l y  p r o h i b i t  w a t e r  d i s p o s a l  a t  t h e  s u r f a c e  
(Gulf of  Mexico, c o a s t a l  b a y s ,  e s t u a r i e s  o r  l a g o o n s ) .  

The i n j e c t i o n  o f  huge q u a n t i t i e s  o f  t h i s  w a s t e  w a t e r  i n t o  
s h a l l o w  and t h i c k  s a n d s t o n e  s e c t i o n s  w i t h  h i g h  p e r m e a b i l i t y  
seems t o  be  t h e  b e s t  method o f  min imiz ing  a d v e r s e  e n v i r o n m e n t a l  
impact .  An i n j e c t i o n  w e l l  c a n  s t o r e  a t  l e a s t  10000 b/d ,  
p o s s i b l y  20000 b/d. 

A second p rob lem i s  t h e  p o s s i b l e  phenomenon o f  s u b s i d e n c e .  
A s  a  r e s u l t  o f  t h e  p r o d u c t i o n  o f  l a r g e  volumes o f  g e o t h e r m a l  
f l u i d ,  d e c l i n i n g  r e s e r v o i r  p r e s s u r e  may c a u s e  compact ion  o f  
sediment  w i t h i n  and  a d j a c e n t  t o  t h e  r e s e r v o i r .  The q u a n t i t y  
o f  compaction depends  on t h e  p r e s s u r e  g r a d i e n t ,  r e s e r v o i r  
t h i c k n e s s  and  r e s e r v o i r  c o m p r e s s i b i l i t y .  These  p a r a m e t e r s  
can  o n l y  be  e s t i m a t e d  and  it i s  d i f f i c u l t  t o  f o r e c a s t  t h e  
magnitude o f  e n v i r o n m e n t a l  i m p a c t s  o f  s u b s i d e n c e .  

I n  t h e  Houston a r e a  t h e  l o c a l  p o p u l a t i o n  i s  v e r y  s e n s i t i v e  
t o  t h i s  problem b e c a u s e  i n  t h i s  d i s t r i c t  t h e r e  h a s  a l r e a d y  been 
a n  o c c u r r e n c e  o f  up t o  two meters o f  s u b s i d e n c e  as a  r e s u l t  of 
t h e  w i t h d r a w a l  o f  s h a l l o w  w a t e r .  I n  f a c t ,  D r .  Dorfman d o e s  n o t  
b e l i e v e  t h a t  s u b s i d e n c e  would b e  o f  t h e  same magni tude  when 



f l u i d  i s  withdrawn from 16000 f e e t .  However, t o  moni to r  t h e  
e f f e c t  o f  w i t h d r a w a l ,  e x t e n s i v e  equipment h a s  been used.  A 
mathemat ica l  model which was used f o r  t h e  t e s t i n g  w e l l ,  f o r e -  
c a s t s  a  6" maximum o f  s u b s i d e n c e  o v e r  10 y e a r s .  I t  i s  wor th  
r e c a l l i n g  t h a t  when g a s  i s  produced 90% o f  t h e  f l u i d  i n  p l a c e  
i s  withdrawn, when o i l  i s  produced 30% t o  50% of  t h e  f l u i d  
i n  p l a c e  i s  wi thdrawn b u t  i n  t h e  c a s e  o f  g e o p r e s s u r e ,  w a t e r  
r e p r e s e n t s  o n l y  5 %  o f  t h e  f l u i d  i n  p l a c e .  

A f u r t h e r  problem i s  caused  by t h e  f a c t  t h a t  r e i n j e c t i o n  
w i l l  n o t  s w e l l  t h e  f o r m a t i o n  b u t  w i l l  p r e s s u r i z e  it i n s t e a d .  
There  i s  t h e r e f o r e  some r i s k  o f  i n i t i a t i n g  movements a l o n g  
growth f a u l t s .  

A f t e r  d i s c u s s i o n  on D r .  Manevansky's pape r ,  D r .  Bebout  
o u t l i n e d  t h e  main e n v i r o n m e n t a l  a s p e c t s  r e l a t e d  t o  t h e  
development o f  g e o p r e s s u r e  which a r e  as f o l l o w s :  

- -ma in t a in ing  a i r  and wa t e r  q u a l i t y  
- - l i q u i d  d i s p o s a l  
- - p o s s i b l e  s u b s i d e n c e  



Figure  1 .  Depth of  occu r rence  of t h e  geopressured  
zones  i n  Neogene d e p o s i t s  o f  t h e  North- 
e r n  Gulf of  Mexico b a s i n .  



Figure 2. Frio geothermal fairways depositional 
models, and reservoir quality. 



F i g u r e  3 .  S t r u c t u r e  map o f  t h e  AnomaZia G iZa te raZ i s  zone 
of  t h e  F r i o  Formation i n  B r a z o r i a  and Ga lves ton  
C o u n t i e s ,  Texas .  A l a r g e  s a l t - w i t h d r a w a l  b a s i n  
is i n d i c a t e d  by t h e  s t r u c t u r a l l y  low area i n  
t h e  c e n t e r  o f  t h e  map. 
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UPPER TEXAS 
(84 somples) 
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(37  somples,from Llndquist,I976) 

LDWER TEXAS 
( 6 9  somples,from Lindquist,1976) 

DSPAR 3: I ROCK FRAGME 

F i g u r e  4 .  S a n d s t o n e  c o m p o s i t i o n  o f  t h e  F r i o  Format ion  
a l o n g  t h e  T e x a s  Gulf  Coast.  S a n d s t o n e  c l a s -  
s i f i c a t i o n  a f t e r  F o l k ,  1968.  
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areas, and Lower Texas area. 



APP ENDIX 



THE NATURE OF ABNORMALLY H I G H  FORMATION 
PRESSURES I N  RECENT PRESSURE ZONES AND 
QUEST IONS CONCERNING T H E I R  FORECASTING 

A l i e v ,  A . I .  

SUMMARY 

During t h e  e x p l o r a t i o n  o f  d e p o s i t s  o f  p e t r o l e u m  and g a s  
a t  g r e a t  d e p t h s ,  and i n  p a r t i c u l a r  i n  g e o l o g i c a l l y  r e c e n t  
p r e s s u r e  zones  p o s s e s s i n g  a n  a c t i v e  t e c t o n i c  r e g i m e ,  ma jo r  
c o m p l i c a t i o n s  and a c c i d e n t s  sometimes o c c u r  d u e  t o  i n t e n s e  
m a n i f e s t a t i o n s  o f  a b n o r m a l l y  h i g h  f o r m a t i o n  p r e s s u r e  (AHFP) ; 
f r e q u e n t l y ,  v e r y  d e e p ,  and t h e r e f o r e  e x p e n s i v e ,  w e l l s  a r e  
abandoned f o r  t e c h n i c a l  r e a s o n s .  T h i s  s i g n i f i c a n t l y  d e c r e a s e s  
t h e  e f f e c t i v e n e s s  o f  d r i l l i n g  e x p l o r a t i o n  and  d e l a y s  t h e  d i s -  
c o v e r y  o f  p r o d u c t i v e  p e t r o l e u m  d e p o s i t s .  

G e o l o g i c a l l y  r e c e n t  p r e s s u r e  z o n e s  w i t h  t h i c k  d e p o s i t s  o f  
sed iment  a r e  u s u a l l y  c h a r a c t e r i z e d  by a  c o m p r e s s i o n  reg ime  o f  
w a t e r - b e a r i n g  s y s t e m s  where,  i n  c o n n e c t i o n  w i t h  t h e  c o n t i n u i n g  
p r o c e s s e s  of  g r a v i t a t i o n a l  compac t ion  o f  r o c k  t y p e s ,  t h e  g r a -  
d i e n t s  of p o r o u s  p r e s s u r e  g r e a t l y  e x c e e d  t h e  h y d r o s t a t i c  g r a -  
d i e n t .  These  g r a d i e n t s  o f  p o r o u s  p r e s s u r e  are d i r e c t e d  t o w a r d s  
t h e  s i d e  of  de tachment  and  d i s c h a r g e  o f  s e d i m e n t a r y  w a t e r s  i .e .  
from t h e  c l a y  b e d s  t o  t h e  a l l u v i a l  s a n d  col lectors ,  and from 
t h e  zones  o f  t h e  g r e a t e s t  warp ing  t o  t h e  z o n e s  o f  d i s c h a r g e .  
T h i s  i s  i l l u s t r a t e d  by  e x a m i n a t i o n  o f  d a t a  f o r  t h e  S o u t h  C a s p i a n  
B a s i n ,  where it i s  found  t h a t  t h e  g r a d i e n t s  o f  f o r m a t i o n  
p r e s s u r e s  beyond t h e  c o n t o u r s  o f  t h e  p e t r o l e u m - c o n t a i n i n g  s t r a t a  
i n c r e a s e  i n  t h e  d i r e c t i o n  o f  t h e  r e g i o n a l  submers ion  o f  s t r a t a .  
I n  t h e  p r e s e n c e  o f  g a s  d e p o s i t s  o f  g r e a t  h e i g h t s  u n d e r  c o n d i t i o n s  
o f  r e g i o n a l  development  o f  AHFP i n  t h e  e n t i r e  water -head s y s t e m ,  
t h e  i r r e g u l a r  f o r m a t i o n  o f  p r e s s u r e s  may o b t a i n  t h e  maximum 
v a l u e s  a t  t h e  e x p e n s e  o f  a d d i t i o n a l  s u r p l u s  p r e s s u r e s .  

I n  t h i s  p a p e r  c a l c u l a t i o n s  of  s u r p l u s  p r e s s u r e s ,  depend ing  
on t h e  h e i g h t  o f  g a s ,  g a s - c o n d e n s a t e ,  and p e t r o l e u m  d e p o s i t s ,  
a r e  p r e s e n t e d ;  a l s o ,  a  number o f  q u e s t i o n s  a r e  examined con- 
c e r n i n g  t h e  e v a l u a t i o n  o f  t h e  deve lopment  o f  AHFP a n d  t h e  f o r e -  
c a s t i n g  o f  AHFPs i n  new e x p l o r a t o r y  a r e a s ,  w i t h  t h e  o b j e c t i v e  
o f  a v o i d i n g  p o s s i b l e  c o m p l i c a t i o n s  d u r i n g  d r i l l i n g .  



INTRODUCTION 

The s tudy  of abnormal ly  h igh  format ion  p r e s s u r e s  (AHFPs), 
t h e  l a w s  governing t h e i r  development b o t h  by a r e a s  and a t  t h e  
r e g i o n a l  l e v e l ,  and t h e  b a s i c  r e a s o n s  f o r  t h e i r  appearance  has  
an important  p r a c t i c a l  s i g n i f i c a n c e .  The o b j e c t  i s  t o  a v e r t  
p o s s i b l e  compl i ca t ions  d u r i n g  t h e  p r o c e s s  o f  deep  d r i l l i n g ,  
p a r t i c u l a r l y  a t  new e x p l o r a t o r y  sites. F requen t ly ,  d u r i n g  t h e  
e x p l o r a t i o n  o f  d e p o s i t s  of  o i l  and g a s  a t  g r e a t  d e p t h s ,  major 
compl ica t ions  and a c c i d e n t s  caused by i n t e n s e  m a n i f e s t a t i o n s  
of AHFP occur ,  caus ing  expens ive  and e x c e s s i v e l y  deep  w e l l s  t o  
be abandoned b e f o r e  complet ion f o r  t e c h n i c a l  r e a s i o n s .  T h i s  
s i g n i f i c a n t l y  d e c r e a s e s  t h e  e f f e c t i v e n e s s  of  d r i l l i n g  exp lo ra -  
t i o n ,  de l ays  t h e  d i s c o v e r y  of p r o d u c t i v e  pe t ro leum d e p o s i t s ,  
and ,  i n  a  number of c a s e s ,  c a u s e s  e x p l o r a t o r y  d r i l l i n g  a t  
p r o s p e c t i v e  s i tes  t o  c e a s e .  I n  o r d e r  t o  i n c r e a s e  t h e  e f f e c -  
t i v e n e s s  of e x p l o r a t o r y  work, t h e  f o r e c a s t i n g  and c o n t r o l  of  
AHFP dur ing  t h e  p r o c e s s  of d r i l l i n g  i s  a most impor t an t  
measure. I n  a d d i t i o n ,  it is  n e c e s s a r y  t o  e v a l u a t e  t h e  n a t u r e  
o f  t h e  AHFP c o r r e c t l y .  However, i n  t h e  m a j o r i t y  o f  s t u d i e s  
t h a t  have been pub l i shed  i n  t h e  g e o l o g i c a l  l i t e r a t u r e ,  any 
e x c e s s  of t h e  i n i t i a l  fo rmat ion  p r e s s u r e  o v e r  t h e  h y d r o s t a t i c  
p r e s s u r e  has been assumed t o  be abnormal; i .e .  what i s  normal ly  
examined is  n o t  what l e a d s  t o  i n c r e a s e d  format ion  p r e s s u r e  ( IFP)  
Dut t h e  measurement of  t h e  p r e s s u r e  w i t h i n  t h e  c o n f i n e s  of  t h e  
d e p o s i t s .  A t  t h e  same t i m e  it i s  known t h a t ,  depending on t h e  
h e i g h t  and t h e  compactness of  t h e  hydrocarbon f l u i d s  i n  q u e s t i o n  
( o i l ,  gas ,  gas-condensate  mix tu re )  under fo rmat ion  c o n d i t i o n s ,  
t h e  s u r p l u s  p r e s s u r e  may a t t a i n  a s i g n i f i c a n t  v a l u e  a t  t h e  
normal h y d r o s t a t i c  p r e s s u r e  beyond t h e  c o n t o u r s  o f  t h e  o i l - b e a r i n g  
a r e a s .  

We have c a r r i e d  o u t  c a l c u l a t i o n s  of s u r p l u s  p r e s s u r e s  f o r  
d i f f e r e n t  h e i g h t s  and d e p t h s  of pet roleum,  g a s ,  and gas-condensate  
d e p o s i t s ,  t a k i n g  i n t o  account  t h e  compactness of t h e  hydro-carbon 
f l u i d s  under fo rmat ion  c o n d i t i o n s .  These r e s u l t s  are g iven  i n  
Tables  1 ,  2 ,  and 3 ,  and show t h a t  t h e  g r a d i e n t s  of fo rma t ion  
p r e s s u r e s  i n c r e a s e  s i g n i f i c a n t l y  a t  t h e  expense o f  s u r p l u s  p re s -  
s u r e ,  depending on t h e  h e i g h t s  o f  g a s  and gas-condensate  d e p o s i t s .  
I n  a d d i t i o n ,  t h e  s u r p l u s  p r e s s u r e  i n f l u e n c e s  t h e  g r a d i e n t  o f  
format ion p r e s s u r e  s i g n i f i c a n t l y  a t  lesser d e p t h s  (up  t o  3000 m ) .  
Thus, f o r  example, because o f  t h e  s u r p l u s  p r e s s u r e  a t  a d e p t h  o f  
1000 m ,  wi th  a  g a s  ( o r  gas -condensa te )  d e p o s i t  of  1500-2000 m i n  
h e i g h t ,  t h e  g r a d i e n t  o f  fo rmat ion  p r e s s u r e s  may exceed even t h e  
g e o s t a t i c  g r a d i e n t ,  even though such  d e p o s i t s  do n o t  e x i s t  i n  
n a t u r e  a t  lesser d e p t h s  f o r  t h i s  r ea son  a lone .  

The r e s u l t s  of  c a l c u l a t i o n s  have shown t h a t ,  a s  t h e  d e p t h  
i n c r e a s e s ,  t h e  s i g n i f i c a n c e  of  t h e  s u r p l u s  p r e s s u r e  d e c r e a s e s  
i n  gas  and gas -condensa te  d e p o s i t s ,  i n  combinat ion w i t h  an 
i n c r e a s e  i n  t h e  gas /condensa te  r a t i o  under  fo rmat ion  c o n d i t i o n s  
w i th  i nc reased  p r e s s u r e .  I n  pe t ro leum d e p o s i t s  t h e  o i l / g a s  
r a t i o n  d e c r e a s e s  w i t h  d e p t h  due t o  a s i g n i f i c a n t  i n c r e a s e  i n  



t h e  p r o p o r t i o n  o f  g a s  d i s s o l v e d  i n  t h e  d e p o s i t ;  i f  o t h e r  g e o l o g i c a l  
c o n d i t i o n s  remain  c o n s t a n t ,  t h i s  l e a d s  t o  an i n c r e a s e  o f  s u r p l u s  
p r e s s u r e  (see T a b l e s  1 ,  2 ,  and 3)  . 

F i g u r e  1  i l l u s t r a t e s  t h e  changes  o f  t h e  g r a d i e n t s  o f  forma- 
t i o n  p r e s s u r e  w i t h  d e p t h ,  depending on t h e  h e i g h t  o f  g a s ,  con- 
d e n s a t e ,  and p e t r o l e u m  d e p o s i t s ,  which shows t o  what  d e g r e e  t h e  
v a l u e  of t h e  s u r p l u s  p r e s s u r e  is  s i g n i f i c a n t  i n  t h e  m a n i f e s t a t i o n  
o f  AHFP, e s p e c i a l l y  i n  g a s - b e a r i n g  r e g i o n s .  I n  a d d i t i o n ,  a s  t h e  
d e p t h  of d e p o s i t s   increase,^, t h e  i n f l u e n c e  o f  s u r p l u s  p r e s s u r e  
on t h e  g r a d i e n t s  o f  f o r m a t i o n  p r e s s u r e  d e c r e a s e s .  F i g u r e  1  
p r o v i d e s  a  b a s i s  f o r  s u p p o s i n g  t h a t ,  beyond t h e  c o n t o u r s  o f  
pe t ro leum-bear ing  s t r a t a  t h e  h i g h  g r a d i e n t s  o f  f o r m a t i o n  p r e s s u r e  
a r e  n e g a t i v e  f a c t o r s  f o r  t h e  p r e s e r v a t i o n  o f  g a s  and gas -condensa te  
d e p o s i t s  a t  lesser a e p t h s  ( u p  t o  3000 m ) ,  s i n c e  t h e  sum o f  t h e  
g r a d i e n t s  o f  s u r p l u s  and f o r m a t i o n  p r e s s u r e s  f o r  t h e  IFP s h o u l d  n o t  
exceed t h e  g e o s t a t i c  g r a d i e n t .  T o g e t h e r  w i t h  t h i s ,  a t  g r e a t e r  
a e p t h s ,  t h e  i n f l u e n c e  o f  s u r p l u s  p r e s s u r e  on t h e  g r a d i e n t s  of  
fo rmat ion  p r e s s u r e  d e c r e a s e s  s i g n i f i c a n t l y ;  and i n  t h i s  r e s p e c t ,  
d e e p  h o r i z o n s  a r e  more f a v o r a b l e  f o r  t h e  p r e s e r v a t i o n  o f  a  h i g h  
l e v e l  of g a s  and g a s - c o n d e n s a t e  d e p o s i t s ,  even  i n  z o n e s  where 
AHFP o c c u r s .  

2. INITIAL FORMATIOrJ PRESSURE 

A n a l y s i s  o f  a  l a r g e  amount o f  d a t a  c o n c e r n i n g  i n i t i a l  
f o r m a t i o n  p r e s s u r e s  f o r  t h e  w e s t e r n  e d g e  o f  t h e  South-Caspian  
Bas in ,  which r e p r e s e n t s  a  more r e c e n t  r e g i o n  o f  warp ing  i n  t h e  
sys tem o f  t h e  A l p i n e  g e o s y n c l i n e ,  h a s  shown t h a t  a l l  o f  t h e  
exposed d e p o s i t s  o f  o i l  and g a s  i n  t h e  r e g i o n  a r e  c h a r a c t e r i z e d  
by a  s i g n i f i c a n t  i n c r e a s e  i n  t h e  i n i t i a l  f o r m a t i o n  p r e s s u r e  o v e r  
t h e  h y d r o s t a t i c  p r e s s u r e ,  n o t  o n l y  w i t h i n  t h e  c o n f i n e s  o f  t h e  
d e p o s i t s ,  b u t  beyond t h e  c o n t o u r s  o f  o i l -  and g a s - b e a r i n g  a r e a s .  
The IFP v a l u e s  e x c e e d  t h o s e  o f  t h e  h y d r o s t a t i c  ' p r e s s u r e s  and 
c o n s e q u e n t l y  t h e  g r a d i e n t s  o f  f o r m a t i o n  p r e s s u r e ,  i n d e p e n d e n t l y  
o f  t h e i r  t y p e  and t h e  c h a r a c t e r  o f  t h e  d e p o s i t s ,  i n c r e a s e ,  t h u s  
f a v o r i n g  t h e  r e g i o n a l  submers ion  o f  s t r a t a ,  a s  i s  g e n e r a l l y  
s t i p u l a t e d  by t h e  c o n d i t i o n  t h a t  t h e  e n t i r e  wa te r -head  s y s t e m  
b e  formed d u r i n g  t h e  s e d i m e n t a t i o n  c y c l e  o f  t h e  w a t e r  exchange 
(see F i g u r e s  2 and 3 ) .  I n  a l l  c a s e s  t h e  g r a d i e n t s  o f  t h e  
p r e s s u r e  h e a d s  o f  f o r m a t i o n  w a t e r s  are d i r e c t e d  from t h e  m o r e  
submerged p a r t s  o f  t h e  b a s i n  t o w a r d s  t h e  r i m s  and t h e  more 
e l e v a t e d  t e c t o n i c  e l e m e n t s .  Under c o n d i t i o n s  o f  a  r e g i o n a l  
development  o f  AHFP i n  t h e  e n t i r e  water -head s y s t e m  o f  t h e  
Sou th  Casp ian  B a s i n ,  a s  s t i p u l a t e d  by t h e  compress ion  s t a g e  
of  t h e  h y d r o - g e o l o g i c a l  c y c l e  when d e p o s i t s  o f  o i l  and g a s  a r e  
p r e s e n t  a t  g r e a t  h e i g h t s ,  t h e  a b n o r m a l i t y  o f  f o r m a t i o n  p r e s s u r e  
may a t t a i n  maximum v a l u e s  a t  t h e  e x p e n s e  o f  a d d i t i o n a l  s u r p l u s  
p r e s s u r e s .  Thus ,  a t  a r e g i o n a l  l e v e l ,  t h e  e v a l u a t i o n  o f  t h e  
g r a d i e n t s  o f  f o r m a t i o n  p r e s s u r e  beyond t h e  c o n t o u r s  o f  o i l -  
and g a s - b e a r i n g  a r e a s  i s  c h a r a c t e r i z e d  by t h e  dynamics  o f  forma- 
t i o n  w a t e r s  o f  s e p a r a t e  s t r a t i g r a p h i c a l  i n t e r v a l s ,  a n d  con- 
s e q u e n t l y  s now ledge o f  t n e  f o r m a t i o n  and s t r u c t u r e  o f  t h e  
water-head s y s t e m  o f  o i l -  and g a s - b e a r i n g  r e g i o n s  is  a n  i m p o r t a n t  
p r e r e q u i s i t e  f o r  f o r e c a s t i n g  t h e  o c c u r r e n c e  and n a t u r e  o f  AHFP a t  
new e x p l o r a t o r y  s i tes .  



3 .  EVALUATION OF AHFP 

I t  i s  known t h a t ,  d u r i n g  t h e  e v a l u a t i o n  o f  AHFP, IFP d a t a  
from t h e  sampled s a n d - s e c t i o n  i n t e r v a l s  are used  which are 
s i g n i f i c a n t l y  l o w e r  t h a n  t h e  v a l u e s  o f  t h e  porous  p r e s s u r e  i n  
c l a y s .  Under c o n d i t i o n s  o f  g r a v i t a t i o n a l  compac tness  o f  terri- 
genous rocks  i n  g e o l o g i c a l l y  r e c e n t  p r e s s u r e  zones ,  t h e  p r e s s u r e -  
head g r a d i e n t s  o f  s e d i m e n t a r y  w a t e r s  are o r i e n t e d  t owards  t h e  
d i r e c t i o n  o f  t h e i r  de tachment  and d i s c h a r g e ,  i . e . ,  from c l a y  
s t r a t a  t o  a l l u v i a l  sand  c o l l e c t o r s  and from t h e  zones  o f  g r e a t e s t  
warping t o  t h e  zones  o f  d i s c h a r g e .  Consequen t l y ,  i n  sand  s t r a t a  
which a r e  a d j a c e n t  t o  c l a y - s e c t i o n  i n t e r v a l s  w i t h  AHFP, t h e  
porous  p r e s s u r e  w i l l  be  s t i l l  g r e a t e r .  T h i s  f a c t  shou ld  be  t a k e n  
i n t o  account  d u r i n g  t h e  d r i l l i n g  p r o c e s s .  I n  a d d i t i o n ,  d u r i n g  
t n e  uncover ing o f  t h e  c l a y - s e c t i o n  i n t e r v a l s ,  i n  c o n t r a s t  t o  t h e  
sand  s t r a t a ,  t h e  g a s  occ luded  under  g r e a t  p r e s s u r e  i n  t h e  c l o s e d  
p o r e s  of  t h e  c l a y ,  t e n d s  t o  i n c r e a s e  i t s  volume, and  t h i s  f i n a l l y  
l e a d s  t o  a  p r o t r u s i o n  o f  c l a y  r o c k  t y p e s  t owards  t h e  s t e m  of  t h e  
w e l l .  For  t h e s e  r e a s o n s ,  t h e  overwhelming m a j o r i t y  o f  t h e  com- 
p l i c a t i o n s  and a c c i d e n t s  o c c u r r i n g  d u r i n g  t h e  p r o c e s s  o f  t h e  
d r i l l i n g  of  d e e p  w e l l s  w i l l  g e n e r a l l y  be  l i m i t e d  t o  t h e  c l a y -  
s e c t i o n  i n t e r v a l s .  

During t h e  d r i l l i n g  p r o c e s s  it i s  f r e q u e n t l y  found t h a t  t h e  
"development o f  AHFP" and whole series o f  f u r t h e r  c o m p l i c a t i o n s  
o c c u r  d u r i n g  t h e  g a s s i n g  o f  t h e  c l a y  mud i n  t h e  s t e m  o f  t h e  w e l l ;  
t h i s  t a k e s  p l a c e  d u r i n g  t h e  uncove r ing  o f  g a s - b e a r i n g  a l l u v i a l  
sand  s t r a t a ,  and t h e  c o m p l i c a t i o n s  ar ise ,  r e g a r d l e s s  o f  t h e i r  
p r e s s u r e  or t n e  volume o f  g a s  c o n t a i n e d  i n  t h e  s t ra ta .  I n  a 
number of c a s e s ,  p roceed ing  f rom t h e  s p e c i f i c  we igh t  o f  t h e  c l a y  
mud used ,  a b n o r m a l i t y  o f  t h e  f o r m a t i o n  p r e s s u r e  o f  t h e  uncovered 
s e c t i o n  i n t e r v a l  i s  f a l s e l y  e v a l u a t e d  when c a l c u l a t i n g  t h e  g a s s i n g  
o f  t h e  c l a y  mud d u r i n g  t h e  d r i l l i n g  p r o c e s s ,  because  t h e  p h y s i c a l  
p r o p e r t i e s  of  t h e  g a s  have  n o t  been t a k e n  i n t o  accoun t .  I n  f a c t ,  
even  w i t h  a  normal f o r m a t i o n  p r e s s u r e  and a s m a l l  volume of  t h e  
d e p o s i t  uncovered,  t h e  g a s  e a s i l y  p e n e t r a t e s  i n t o  t h e  s t e m  o f  t h e  
w e l l  and, by g a s s i n g  t h e  c l a y  mud, l o w e r s  i t s  s p e c i f i c  we igh t .  
I n  a d d i t i o n ,  d u r i n g  t n e  i n c r e a s e  o f  t h e  s p e c i f i c  we igh t  and 
v i s c o s i t y  o f  t h e  c l a y  mud t h e  c o n d i t i o n s  f o r  i t s  de -gas s ing  
become worse, and a l a r g e  amount o f  g a s  a ccumula t e s  i n  t h e  s t e m  
of t h e  w e l l ,  b o t h  i n  t h e  form o f  s e p a r a t e  b u b b l e s  and i n  t h e  
form o f  "ga s  p i l l o w s " .  F i n a l l y  t h i s  l e a d s  t o  a  s h o r t - t e r m  
open f o u n t a i n ,  c o m p l i c a t i n g  t h e  d r i l l i n g  p r o c e s s .  

4 .  THE REGIONAL CHARACTER OF AHFP 

During t h e  e v a l u a t i o n  o f  t h e  development  o f  AHFP i n  t h e  
uncovered p a r t  o f  t h e  s e d i m e n t a r y  s e c t i o n  o f  t h e  w e s t e r n  rim 
of  t h e  South Casp ian  Bas in ,  it w a s  e s t a b l i s h e d  t h a t  t h e  g r a d i e n t s  
o f  fo rmat ion  p r e s s u r e s  beyond t h e  c o n t o u r s  o f  t h e  o i l -  and 
gas -bear ing  a r e a s  i n  t h e  Upper P l i o c e n e  i n t e r v a l s  d o  n o t  exceed  
1.20-1.25, and t h a t  t h e y  i n c r e a s e  w i t h  s t r a t i g r a p h i c  d e p t h ,  
a t t a i n i n g  v a l u e s  of  1 . 6 0 - 1 . 8 0 ' i i t ' t h e  l o w e r  h o r i z o n s  o f  t h e  
p r o d u c t i v e  t h i c k n e s s  o f  t h e  Mid P l i o c e n e .  I n  a d d i t i o n ,  t h e  
v a l u e  of  t h e  g r a d i e n t s  o f  t h e  i n i t i a l  f o r m a t i o n  p r e s s u r e s  
depends  on t h e  r a t e  o f  t h e  g r a v i t a t i o n a l  compact ion o f  r o c k  



t y p e s  which,  i n  t u r n ,  is  c o n t r o l l e d  by t h e  s p e e d  o f  d i s c h a r g e  o f  
sed imenta ry  w a t e r s  and ,  c o n s e q u e n t l y ,  by t h e  l i t h o f  a c i a l  c o n d i t i o n s  
o f  t h e  s e c t i o n .  I n  t h e  c a s e  o f  n o n - u n i f o r m i t y  and a  h i g h  p e r c e n t a g e  
o f  c l a y  i l l  t h e  s e c t i o n ,  - the r a t e  o f  d i s c h a r g e  o f  s e d i m e n t a r y  w a t e r s  
l a g s  behind t h e  r a t e  o f  t h e  submers ion  o f  t h e  s e d i m e n t s ,  which l e a d s  
t o  an i n c r e a s e  i n  porous  p r e s s u r e ,  and f o r  t h i s  r e a s o n  i n  a  number 
of c a s e s  t h e  d i s t r i b u t i o n  o f  g r a d i e n t s  o f  f o r m a t i o n  p r e s s u r e  h a s  
a  f l u c t u a t i n g  c h a r a c t e r  i n  some s t r a t i g r a p h i c  i n t e r v a l s .  From t h i s  
it f o l l o w s  t h a t ,  i n  o r d e r  t o  f o r e c a s t  t h e  AHFP, u n d e r  o t h e r w i s e  
e y u i v a l e n t  g e o l o g i c a l  c o n d i t i o n s  it i s  n e c e s s a r y  t o  d i s t i n g u i s h  
t h o s e  l i t f i o l o g i c a l l y  n e t e r o g e n o u s  i n t e r v a l s  o f  t h e  s e c t i o n  t h a t  
have a  r e g i o n a l  c h a r a c t e r .  

5. ZONES I N  W H I C H  WATER EXCiIAIqGE I S  DIFFICULT 

I t  i s  known t h a t  t h e  development  o f  AHFP d u r i n g  t h e  d r i l l i n g  
p r o c e s s  i s  c h i e f l y  o b s e r v e d  i n  g e o l o g i c a l l y  r e c e n t  p r e s s u r e  zones  
d u r i n g  t h e  u n c o v e r i n g  o f  d e e p  h o r i z o n s .  The r e s e a r c h  t h a t  w e  have 
conduc ted ,  a s  w e l l  a s  a n a l y s i s  o f  t h e  a v a i l a b l e  d a t a  f rom o u t s i d e  
t h e  U. S. S. R . ,  i n d i c a t e s  t h a t  t h e  l a r g e s t  g r a d i e n t s  o f  f o r m a t i o n  
p r e s s u r e  d u r i n g  g r a v i t a t i o n a l  compact ion  o f  r o c k s  a r e  c o n f i n e d  
t o  zones  where exchange  i s  d i f f i c u l t ,  a t  d e p t h s  below 2500-3000 m. 
I n  a d d i t i o n ,  z o n e s  where w a t e r  exchange i s  d i f f i c u l t  a r e ,  i n  e a c h  
s p e c i f i c  c a s e ,  d e t e r m i n e d  by t h e  g e o l o g i c a l  c o n d i t i o n s  o f  t h e  
r e g i o n  ( e . g . ,  t h e  l i t n o f a c e s  o f  t h e  s e c t i o n ,  t h e  r a t e s  o f  sub- 
mersion o f  t h e  s e d i m e n t s ,  t h e  d i s c h a r g e  o f  s e d i m e n t a r y  w a t e r s ,  
etc.  ) . 

I n  t h e  a r e a  o f  t h e  S o u t h  C a s p i a n  B a s i n  t h e  g r a d i e n t s  of  
fo rmat ion  p r e s s u r e  f o r  d e p t h s  o f  ' u p  t o  3000-3200 m v a r y  w i t h i n  
t h e  limits 1.12-1.15 and l o w e r ,  and i n c r e a s e  s h a r p l y  up  t o  1 .80  
(see F i g u r e  2 ) .  Thus a t  d e p t h s  lower  t h a n  3000-3200 n-i t h e  
i n i t i a l  f o r m a t i o n  p r e s s u r e  beyond t h e  c o n t o u r s  o f  t h e  o i l -  and 
g a s - b e a r i n g  a r e a s  e x c e e d s  t h e  h y d r o s t a t i c  p r e s s u r e  by  80%,  and 
when g a s  d e p o s i t s  a r e  p r e s e n t ,  t h i s  e x c e s s  w i l l  b e  s t i l l  g r e a t e r .  
T h i s  s h o u l d  b e  t a k e n  i n t o  a c c o u n t  d u r i n g  d r i l l i n g .  

T o g e t h e r  w i t h  a  correct e v a l u a t i o n  o f  t h e  a c t u a l  g e o l o g i c a l  
c o n d i t i o n s ,  t h e  s t u d y  of  t h e  laws g o v e r n i n g  t h e  r e g i o n a l  a p p e a r -  
ance  o f  AHFP i n  l a r g e  p r e s s u r e  zones  h a s  a n  i m p o r t a n t  s i g n i f i c a n c e  
f o r  t h e  f o r e c a s t i n g  o f  AHFP i n  new e x p l o r a t i o n  a r e a s .  

6.  THE LOCAL APPEARANCE OF AHFP 

A s  i s  t h e  c a s e  w i t h  r e g i o n a l  f o r e c a s t s ,  it i s  a l s o  v e r y  
d i f f i c u l t  t o  f o r e c a s t  t h e  l o c a l  a p p e a r a n c e  o f  AHFP. L o c a l  
a b n o r m a l i t i e s  o f  f o r m a t i o n  p r e s s u r e s  may b e  e n c o u n t e r e d  a t  
hydrodynamica l ly  c o n f i n e d  t r a p s  ( t e c t o n i c  and l i t n o l . o c ~ - i c a l l y  
c o n f i n e d  d e p o s i t s ) .  The r e s e a r c h  t h a t  w e  have  c a r r l e d  o u t  h a s  
shown t h a t  h y d r o d y n a m i c a l l y  c o n f i n e d  d e p o s i t s  a r e  s m a l l  i n  

. s i z e ,  and t h a t  t h e y  a r e  c h a r a c t e r i z e d  by s i g n i f i c a n t  i n c r e a s e s  
i n  t h e  f o r m a t i o n  p r e s s u r e  o v e r  t h e  h y d r o s t a t i c  p r e s s u r e .  
During t h e  e x t r a c t i o n  o f  s u c h  d e p o s i t s ,  a n  i n t e n s e  d r o p  o f  
for ina t ion  p r e s s u r e  i s  o b s e r v e d .  ( I n  a  number o f  c a s e s ,  t h i s  
d r o p  h a s  been a s  g r e a t  a s  10-15 kg/cm2 p e r  month . )  



The development of AHFP o f t e n  occur s  d u r i n g  t h e  d r i l l i n g  
processes  connected w i t n  hydrodynamically conf ined  d e p o s i t s ;  
f o r  t h i s  reason ,  due t o  t h e  abnormal i ty  o f  format ion  p r e s s u r e s ,  
t h e  e s t i m a t e s  of t h e  s i z e  of  t h e  d e p o s i t s  t h a t  a r e  o f t e n  suggested 
by r e sea rche r s  a r e  f r e q u e n t l y  n o t  j u s t i f i e d  on t h e  b a s i s  of sub- 
sequent  e x p l o r a t o r y  work. Consider ,  f o r  example, t h e  gas-condensed 
d e p o s i t s  of t h e  V. ho r i zon  of  Duvanny (south-western Kobystan).  
For W e l l  No.43 i n  t h i s  a r e a ,  which e n t e r e d  i n t o  t h e  e x p l o r a t o r y  
s t a g e  with a  d a i l y  y i e l d  o f  1  m i l l i o n  m3 of gas ,  and 125 t o n s  of 
condensate from a  sampling i n t e r v a l  of 2606-2588 m, t h e  format ion 
pressure  was o r i g i n a l l y  430 kg/cm2 and exceeded t h e  h y d r o s t a t i c  
p res su re  by 170 kg/cm3 f o r  t h e  g r a d i e n t  of 1.65; i n  s p i t e  of  t h e  
f a c t  t h a t  t h i s  was t h e  o n l y  w e l l  t h a t  d r a i n e d  t h e  d e p o s i t  du r ing  
t h e  year ,  t h e  format ion  p r e s s u r e  i n  it dec reased  t o  250 k  / cm2  
dur ing  t h e  y e a r ,  and t h e  d a i l y  y i e l d  dec reased  t o  14000 m y  of  
gas  and 5  t o n s  of condensate .  The r e s e r v e s  of  g a s  of t h i s  
d e p o s i t  turned o u t  t o  be o n l y  1  b i l l i o n  m3, i n  s p i t e  of  t h e  
excess ive ly  h igh  format ion  p res su re .  One may c i t e  many s i m i l a r  
examples from f i e l d  work i n  Azerbaidjan.  

7. FORMATION AND LOCATION OF O I L  AND GAS DEPOSITS 

The s tudy  o f  t h e  d i s t r i b u t i o n  of  g r a d i e n t s  of i n i t i a l  
formation p r e s s u r e s  beyond t h e  c o n t o u r s  o f  o i l -  and gas-bear ing 
a r e a s  a t  a  r e g i o n a l  l e v e l ,  makes it p o s s i b l e  t o  s o l v e  a  series 
of most impor tan t  problems of  petroleum geology. I n  p a r t i c u l a r ,  
t h e  g r a d i e n t s  d e f i n e  t h e  dynamics of format ion  w a t e r s ,  which 
have a  s u b s t a n t i a l  s i g n i f i c a n c e  d u r i n g  t h e  e v a l u a t i o n  of  t h e  
cond i t ions  f o r  t h e  format ion  and l o c a t i o n  of  d e p o s i t s  of o i l  
and gas. 

I t  should be noted  t h a t  t h e  hydrodynamic regime of  water  
pressure-head complexes i s  a de te rmining  c o n d i t i o n  f o r  t h e  
migra t ion  and accumulat ion o f  hydrocarbons. From t h i s  w e  can 
assume t h a t  t h e  o r g a n i c  m a t e r i a l  i n  t h e  sed imentary  complex 
t h a t  is  con t inuous ly  t ransformed i n t o  hydrocarbons is  t r a n s -  
por ted  by format ion w a t e r s  ir a d i s s o i v e d  and d i s p e r s e d  s t a t e  
from zones of  h igh  p o t e n t i a l  energy  t o  zones of  low p o t e n t i a l .  
I n  t h i s  way, t h e  hydrocarbons accumulate i n  t r a p s ,  under 
cond i t ions  determined by t h e  dynamics of  t h e  format ion  wa te r s  
i n  t h e  d i r e c t i o n s  of  d e c r e a s i n g  pressure-head g r a d i e n t s ,  bo th  
by means of l a t e r a l  m i g r a t i o n  ( a t  a  r e g i o n a l  l e v e l )  and by 
v e r t i c a l  mig ra t ion  of hydrocarbons a long  t h e  f r a c t u r e  p l ane  
and c racks  ( i n  zones of  d i s c h a r g e ) .  

I f  w e  examine t h e  c o n d i t i o n s  f o r  t h e  format ion  o r  accumu- 
l a t i o n  of hydrocarbons,  s t a r t i n g  from t h e  e x i s t i n g  dynamics of  
t h e  formation wa te r s  and ex tending  t h i s  t o  t h e  e n t i r e  h i s t o r y  
of  t h e  g e o l o g i c a l  development of t h e  o i l -  and gas-bear ing a r e a s  
of a  reg ion ,  it i s  p o s s i b l e  t o  d i s t i n g u i s h  t h e  f e a t u r e s ' o f  
l o c a t i o n  o r  t h e  r e a s o n s  f o r  t h e  presence  o r  absence of d e p o s i t s  
of o i l  and gas  i n  each  p a r t i c u l a r  case. 



Based on t h e  d a t a  f o r  t h e  w e s t e r n  r i m  o f  t h e  Sou th  C a s p i a n  
B a s i n ,  it h a s  been e s t a b l i s h e d  t h a t  h i g h  p r e s s u r e - h e a d  g r a d i e n t s  
o f  f o r m a t i o n  waters are  n o t  d e s i r a b l e  c o n d i t i o n s  f o r  t h e  p r e s e r -  
v a t i o n  o f  d e p o s i t s  o f  o i l  and  g a s  i n  t r a p s .  

A s  e a r l y  as  t h e  1950s ,  t h e  removal  o f  t h e  d e p o s i t s  f rom t h e  
Apsheronsk i  P e n i n s u l a  r e s e r v e s  w a s  c o r r e c t l y  e x p l a i n e d  by t h e  
p r e s e n c e  o f  a  h i g h  p r e s s u r e - h e a d  o f  t h e  f o r m a t i o n  waters.  T h i s  
e x p l a n a t i o n  h a s  been s u b s e q u e n t l y  c o n f i r m e d  by s t u d i e s  o f  d e p o s i t s  
i n  o t h e r  r e g i o n s .  

Thus,  we see t h a t  AHFP i s  n o t  a lways  a p o s i t i v e  f a c t o r  f o r  
t h e  e v a l u a t i o n  o f  t h e  p r o s p e c t i v e  y i e l d s  o f  o i l -  and g a s - b e a r i n g  
areas, and t h a t ,  i n  a  number o f  cases, it l e a d s  t o  d e s t r u c t i o n  
o f  t h e  d e p o s i t s  o f  o i l  a n d  g a s .  T h i s  i s  a l s o  c o n f i r m e d  by t h e  
f a c t  t h a t  t h e  l a r g e s t  o i l  d e p o s i t s  i n  A z e r b a i d j a n  a r e  c o n c e n t r a t e d  
i n  zones  o f  r e l a t i v e l y  low g r a d i e n t s  ( c l o s e  t o  t h e  h y d r o s t a t i c  
g r a d i e n t s )  i n  t h e  p r e s s u r e  head  o f  t h e  f o r m a t i o n  s y s t e m  i n  t h e  
Apsheronsk i  o i l -  and  g a s - b e a r i n g  r e g i o n .  

CONCLUSION 

To summarize,  t h e  s t u d y  o f  AHFPis i i n p o r t a n t  f o r  a l l  t h e  
f o l l o w i n g  s t a g e s :  d u r i n g  t h e  c l a s s i f i c a t i o n  o f  t h e  dynamics  o f  
f o r m a t i o n  w a t e r s  a n d  t h e  n a t u r e  o f  w a t e r  p r e s s u r e - h e a d  s y s t e m s  
t h a t  d e t e r m i n e  t h e  c o n d i t i o n s  f o r  t h e  m i g r a t i o n  and  a c c u m u l a t i o n  
o f  hydroca rbons ;  d u r i n g  t h e  f o r e c a s t i n g  o f  t h e  s e c t i o n  i n t e r v a l s  
where AHFP may o c c u r ,  w i t h  t h e  o b j e c t i v e  o f  a v e r t i n g  p o s s i b l e  
c o m p l i c a t i o n s  i n  t h e  p r o c e s s  o f  d r i l l i n g ;  a n d ,  f i n a l l y ,  d u r i n g  
t h e  e v a l u a t i o n  o f  t h e  thermodynamic reg ime  a t  g r e a t  d e p t h s  i n  
o i l -  and g a s - b e a r i n g  r e g i o n s ,  i n  c o n n e c t i o n  w i t h  t h e  problem 
of  s e a r c h i n g  f o r  new d e p o s i t s .  
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Figure  3 .  The wes te rn  r i m  o f  t h e  South Caspian Basin  
Schematic g r a d i e n t  map o f  t h e  d e r i v e d  forma- 
t i o n  p r e s s u r e s  o f  t h e  p r o d u c t i v e  t h i c k n e s s  
of  t h e  Middle P l i o c e n e  pe r iod .  
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Table 2. Gas co~densate deposits 
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Surplus pressure 
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s P  
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fa) 

kg/cm2 
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68,8 

66,8 

(bJ 
Pform.p 
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CONCERNING THE FORECASTING OF THE AVAILABILITY 
AND THE DEPTH OF ABNORMALLY H I G H  PRESSURE 
STRATA D U R I N G  DRILLING 

Malevansky, V. D.  

I n  g e o l o g i c a l  s t r u c t u r e s  i n  many p a r t s  o f  t h e  wor ld ,  and 
p a r t i c u l a r l y  i n  mobi le  n e o t e c t o n i c  a c t i v e  zones  on l a n d  and 
on c o n t i n e n t a l  s h e l v e s ,  f l u i d s  ( such  a s  w a t e r ,  o i l  and g a s )  a r e  
found which c o n t a i n  l a r g e  s t o r e s  o f  e n e r g y  i n  t h e  form of  h i g h  
p r e s s u r e s  o r  t e m p e r a t u r e s  t h a t  e n a b l e  t h e  f l u i d s  t o  permeate  
porous  l a y e r s .  

According t o  t h e  t e rmino logy  wide ly  used i n  t h e  U.S.S.R. 
[ 2 ] ,  t h e  f o r m a t i o n  (po rous )  p r e s s u r e  i s  g raded  a c c o r d i n g  t o  
i t s  magnitude,  a s  f o l l o w s :  

-- S p e c i f i c  h y d r o s t a t i c  p r e s s u r e - - r e p r e s e n t e d  by t h e  
h y d r o s t a t i c  p r e s s u r e  of  a  h y p o t h e t i c a l  f r e s h - w a t e r  
column between t h e  w e l l  head and t h e  d e p t h  conce rned ,  
w i t h  an  a v e r a g e  g r a d i e n t  o f  0.1 atm/m; 

-- normal f o r m a t i o n  p r e s s u r e  (NFP)-- represented  by t h e  
h y d r o s t a t i c  p r e s s u r e  o f  a  column o f  m i n e r a l - c o n t a i n i n g  
w a t e r ,  w i t h  an  a v e r a g e  g r a d i e n t  o f  0.105 atm/m; 

-- i n c r e a s e d  f o r m a t i o n  p r e s s u r e  ( I F P ) ,  w i t h  a  g r a d i e n t  of  
0.106-1.29 a t m / m ;  

-- abnormal ly  h i g h  fo rma t ion  p r e s s u r e  (AHFP), w i t h  a  
g r a d i e n t  o f  1 . 3  atm/m o r  more; 

-- abnormal ly  low fo rma t ion  p r e s s u r e  (ALFP) w i t h  a 
g r a d i e n t  o f  less t h a n  0.1 atm/m. 

The d e g r e e  o f  a b n o r m a l i t y  o f  f o rma t ion  p r e s s u r e  i s  shown 
by how many t i m e s  t h e  measured f o r m a t i o n  (po rous )  p r e s s u r e  i s  
l a r g e r  o r  s m a l l e r  t h a n  t h e  s p e c i f i c  h y d r o s t a t i c  p r e s s u r e .  



Usually t h e  te rm g r a d i e n t  of  fo rmat ion  p r e s s u r e  ( ave rage )  
c h a r a c t e r i z e s  t h e  r e l a t i o n s h i p  of t h i s  p r e s s u r e  t o  t h e  d e p t h  
of t h e  d r i l l  h o l e  of  t h e  s e c t i o n  under  c o n s i d e r a t i o n ,  i . e . ,  it 
i s  numer ica l ly  e q u a l  t o  t h e  g r a d i e n t  o f  t h e  h y d r o s t a t i c  p r e s s u r e  
of t h e  dr i l l ing-mud column t h a t  b a l a n c e s  t h e  g iven  format ion  
p re s su re .  

In c o n t r a s t  t o  t h e  a v e r a g e  g r a d i e n t  of  t h e  i n t e r v a l ,  t h e  
Local format ion p r e s s u r e  e x p r e s s e s  t h e  r e l a t i o n s h i p  between t h e  
i n c r e a s e  of t h e  format ion  p r e s s u r e  on any g iven  segment a long  
t h e  d r i l l  h o l e  t o  t h e  l e n g t h  of  t h i s  segment. 

In  t h e  U.S.S.R., AHFP and IFP d e p o s i t s  have been encounte red  
a t  dep ths  of 400-500 m i n  t h e  Kerchensk, Tamarisk, and Apsheron 
Pen insu la s ,  and a t  d e p t h s  of 7000 m and more i n  t h e  p l i c a t e d  
Carpa th ians .  These d e p o s i t s  are more f r e q u e n t l y  found,  a t  
d e p t h s  of more t h a n  2000 m, i n  t e r r i g e n o u s  sed iments  covered  
w i t h  very t h i c k  c l a y  s t r a t a  ( i n  areas such as t h e  e x t e r n a l  
zone of  t h e  Pre-Carpathian bend, t h e  E a s t  Pre-Caucasian,  t h e  
Viluysky s y n c l i n e ,  e t c . ) .  I n  p a r t i c u l a r ,  h i g h l y  p r e s s u r i z e d ,  
thermal ,  s t r o n g l y  m i n e r a l i z e d  waters w i t h  l a r g e  f low r a t e s  are 
encountered i n  South-West T a d z h i k i s t a n  a t  d e p t h s  o f  2000-2500 m. 

There are a l s o  abnormal p r e s s u r e  d e p o s i t s  i n  s a l t e d  o r  
moderate ly  s a l t e d  t e r r i g e n o u s  and c a r b o n a t e  s ed imen t s  i i n  t h e  
Pr ipya tskaya ,  Dneprovsko-Donetakaya and Pre-Caspian d e p r e s s i o n s ,  
i n  t h e  I r k u t s k  amph i thea t r e ,  and i n  W e s t  Uzbekis tan and W e s t  
Turkmenis tan) .  Many i n s t a n c e s  o f  ALFP have been found i n  s a l t e d  
carbona te  and t e r r i g e n o u s  sed imen t s  of  South-West Yakut ia  and i n  
some p a r t s  of t h e  d e p o s i t s  o f  t h e  I r k u t s k  amph i thea t r e .  

There are a number of  well-known . b u t  d i f f e r i n g  o p i n i o n s  
concerning t h e  n a t u r e  o f  AHFP and t h e  r e a s o n s  f o r  i t s  appearance.  
The accumulation of  v a r i o u s  d a t a ,  and t h e  a n a l y s i s  o f  a g r e a t  
d e a l  of  complex g e o l o g i c a l  and i n d u s t r i a l  i n f o r m a t i o n ,  r e f e r r i n g  
t o  many d i f f e r e n t  d e p o s i t s  123, have l e d ,  i n  t h e  U.S.S.R., t o  
t h e  fo l lowing  op in ions :  namely, t h a t  t h e  AHFP ar ises  mainly  
from l o c a l i z e d  p r o c e s s e s  i n v o l v i n g  t h e  h inde red  v e r t i c a l  migra- 
t i o n  of  f l u i d s  th rough  f a i r l y  imperv ious  o v e r l y i n g  beds  under  
t h e  i n f luence  b o t h  o f  p r o c e s s e s  o f  n e o t e c t o g e n e s i s  and o f  t h e  
e x c e s s i v e l y  h igh  format ion  p r e s s u r e s  which r e f l e c t  t h e  n e o t e c t o n i c  
energy of t h e  d e p t h  of  t h e  abyss .  

AHFP and IFP d e p o s i t s  are r e g u l a r l y  d i s t r i b u t e d  i n  t h e  d e p t h s  
of d e p o s i t s  w i t h i n  v e r y  t h i c k  s t r a t a  and undernea th  t h e s e  t h i c k  
l a y e r s .  

High-pressure f l u i d s  t h a t  are c o n t a i n e d  i n  massive  d e p o s i t s  
p e n e t r a t e  g r a d u a l l y  from t h e  bot tom i n t o  t h e  o v e r l y i n g  l a y e r s ,  
forming i n t r u s i o n  h a l o e s ,  i n  which IFP o r  AHFP i s  observed .  

The permeable l a y e r s  and l e n s e s  w i t h i n  t h e  i n t r u s i o n  h a l o e s  
are a l s o  s a t u r a t e d  w i t h  f l u i d s ,  g e n e r a t i n g  s m a l l  s a te l l i t e  IFP 
and AHFP accumulat ions .  



The g r a d i e n t  o f  f o r m a t i o n  p r e s s u r e  w i t h i n  l a r g e  r e s e r v o i r s  
of g r e a t  h e i g h t  which are f i l l e d  w i t h  o i l  o r  g a s  i n c r e a s e s  from 
t h e  bot tom t o  t h e  t o p ,  r e a c h i n g  a  maximum a t  t h e  t o p  o f  t h e  bed 
on t h e  a r c h  o f  t h e  s t r u c t u r e .  

I n  a d d i t i o n ,  even  u n d e r  t h e  p r e s s u r e  o f  c o n t o u r  w a t e r s  
which a r e  c l o s e  t o  t h e  h y d r o s t a t i c  p r e s s u r e ,  t h e  maximum 
p r e s s u r e  a t  t h e  a r c h  o f  mass ive  d e p o s i t s  may be  h i g h l y  abnormal .  
Thus,  f o r  example ,  i n  t h e  g a s - c o n d e n s a t e  d e p o s i t  o f  Kara-Dag 
(U.S.S.R.), which i s  1850 m h i g h  t h e  p r e s s u r e  i n c r e a s e  a t  t h e  
a r c h  (under  s p e c i f i c  h y d r o s t a t i c  p r e s s u r e )  w a s  o b s e r v e d ,  a t  t h e  
b e g i n n i n g  o f  t h e  deve lopment ,  t o  be  145 a t m  a t  a  d e p t h  o f  2000 m; 
and a t  t h e  Lakk d e p o s i t s  ( F r a n c e )  it was 660 a tm a t  a  d e p t h  o f  
4000 m,  e t c .  

These c o n s i d e r a b l e  e x c e s s  p r e s s u r e s  l e a d  t o  a n  i n t e n s i f i e d  
i n j e c t i o n  o f  f l u i d s  i n t o  t h e  c o v e r i n g  r o c k s  and c a u s e  t h e  f l u i d s  
t o  p e n e t r a t e  t h r o u g h  t h e  r o c k s ,  e s p e c i a l l y  a l o n g  t h e  t e c t o n i c  
zones  which d e f i n e  t h e  s h a p e  o f  t h e  s o - c a l l e d  i n t r u s i o n  h a l o .  
The a b n o r m a l i t y  d e c r e a s e s  s u b s t a n t i a l l y  f rom t h e  a r c h  t o  t h e  
p e r i p h e r y  a n d ,  a s  a  r e s u l t ,  t h e  i n f i l t r a t i o n  o f  f l u i d s  i n t o  t h e  
o v e r l y i n g  r o c k s  s l o w s  down. 

Because t h e  s t r u c t u r e  o f  t h e  a r c h  o f  a  d e p o s i t  i s  more 
prone  t o  d i s r u p t i o n  by f a u l t s  t h a n  are t h e  wings  o f  t h e  d e p o s i t ,  
t h e  p e r m e a b i l i t y  o f  t h e  a r c h  i s  i n c r e a s e d ,  which p e r m i t s  a  more 
i n t e n s i v e  i n t r u s i o n  o f  c a r b o n  d i o x i d e  and t h e  w a t e r  t h a t  
accompanies it from t h e  l a r g e  d e p o s i t s .  I t  f o l l o w s  f rom t h i s  
t h a t  t h e  maximum g r a d i e n t  o f  p o r o u s  p r e s s u r e  i s  o b s e r v e d  j u s t  
above t h e  d e p o s i t ,  a t  t h e  bo t tom o f  t h e  c o v e r i n g  l a y e r s .  T h i s  
h a s  been c o n f i r m e d ,  f o r  example ,  f rom e x p e r i e n c e  o f  e x t r a c t i o n  
from t h e  Karadag d e p o s i t s ,  where,  i n  t h e  a r c h e s  o f  w e l l s ,  a 
l o w e r i n g  o f  t h e  d e n s i t y  o f  t h e  d r i l l i n g  mud from 2 . 3  - 1.75 g/cm3 
l e d  t o  t h e  o c c u r r e n c e  o f  g a s  and b l o w o u t s ,  w h i l s t  a t  t h e  same 
t i m e  t h e  s i n k i n g  o f  o t h e r  w e l l s  i n  t h e  a r e a  p roceeded  n o r m a l l y  
u s i n g  mud o f  a  d e n s i t y  o f  7.4 1 .45  

When d e p o s i t s  o c c u r  i n  complex g e o l o g i c a l  s t r u c t u r e s  which 
may be  c l a s s i f i e d  i n t o  b l o c k s  h a v i n g  d i f f e r e n t  a b s o l u t e  mark ings ,  
t h e  t y p e  o f  d i s t r i b u t i o n  o f  a b n o r m a l i t i e s  o f  f o r m a t i o n  p r e s s u r e  
may d i f f e r  i n  e a c h  b l o c k .  U s u a l l y ,  however,  some g e n e r a l  
f e a t u r e s  may be  n o t e d  f o r  AHFPs: t h e y  t e n d  t o  i n c r e a s e  r a p i d l y  
a t  t h e  t o p  o f  t h e  d e p o s i t s  ( i n  t h e  i n t r u s i o n  h a l o )  and t h e n  
( w i t h i n  t h e  l i m i t  o f  t h e  m a s s i v e  l a r g e  d e p o s i t s )  t h e i r  growth 
d e c r e a s e s  s i g n i f i c a n t l y ,  w i t h  a  f a l l  i n  t h e  g r a d i e n t  t o  a  
minimum a t  t h e  bo t tom o f  t h e  d e p o s i t s ,  t h i s  b e i n g  d u e  t o  a  
v e r t i c a l  m i g r a t i o n  o f  f l u i d s  t h r o u g h  c o v e r i n g  l a y e r s  t h a t  a r e  
d i f f i c u l t  t o  pe rmea te .  The t h e o r e t i c a l  b a s i s  f o r  t h i s  phenomenon 
h a s  been d i s c u s s e d  f o r  t h e  f i r s t  t i m e  i n  r e f .  [ 5 ] .  

The p r e s e n c e  o f  IFP and  AHFP r e q u i r e  t h e  u t i l i z a t i ' o n  o f  more 
c o n c e n t r a t e d  d r i l l i n g  f l u i d s ,  w i t h  a n  i n c r e a s e d  c o n t e n t  o f  s o l i d  
phase  m a t e r i a l ,  which ,  o f t e n  i n  c o m b i n a t i o n  w i t h  complex geo- 
l o g i c a l  c o n d i t i o n s  ( s u c h  a s  t h e  b l o c k  c o n s t r u c t i o n  o f  d e p o s i t s )  
can  c o m p l i c a t e  t h e  p r o c e s s  o f  w e l l  d r i l l i n g  i f  t h e  IFP and AHFP 
have n o t  been s u f f i c i e n t l y  s t u d i e d .  



The c r e a t i o n  of  s i g n i f i c a n t  f l u c t u a t i o n s  i n  t h e  p r e s s u r e s  
of t h e  well-bed when c o n c e n t r a t e d  water-based muds are used 
o f t e n  l e a d s  t o  t h e  a b s o r p t i o n  of  t h e  d r i l l i n g  f l u i d s ,  t h e  cave- in  
of uns t ab l e  c l a y s ,  t h e  s h r i n k i n g  o f  t h e  bo reho le ,  t h e  t r a p p i n g  o f  
p i p e s ,  and o t h e r  a c c i d e n t s .  The i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  
of t h e  mud, used t o  s u p p r e s s  AHFP a t  g r e a t e r  d e p t h s ,  o f t e n  
produces d i f f i c u l t i e s  i n  t h e  c o n t r o l  o f  t h e  f l u c t u a t i o n s  i n  t h e  
p re s su re  of t h e  bo reho le ,  s e l f - i nduced  hydro - rup tu re s  of  weak 
l a y e r s ,  and an i n c r e a s i n g  r i s k  o f  t h e  a b s o r p t i o n s  t h a t  accompany 
blowouts. 

It  should be  no ted  t h a t ,  as a  r u l e  c o n s i d e r a b l e  e x p e n d i t u r e  
of  m a t e r i a l s ,  t i m e ,  and e f f o r t  are r e q u i r e d  t o  b r i n g  t h e s e  
problems under c o n t r o l .  Take, f o r  example, t h e  d r i l l i n g  of  one 
o f  t h e  e x p l o r a t o r y  w e l l s  i n  t h e  d i s t r i c t  o f  T a d j i k i s t a n ,  a t  a 
dep th  of more t h a n  2200 m, i n  wate r -bear ing  sands tone  w i t h  a 
format ion p r e s s u r e  o f  o v e r  400 kg/cm2. During a p e r i o d  when 
water  was be ing  r e l e a s e d  from t h e  w a l l ,  t h e  i n t e r m e d i a t e  column 
was d i s t u r b e d  a t  a d e p t h  of  approximate ly  1200 m ,  t h u s  making 
it imposs ib le  t o  s e a l  o f f  t h e  w e l l .  Over a long  p e r i o d ,  t h e  
w e l l  emi t t ed  h i g h l y  min r a l i z e d  w a t e r  o f  a c o n c e n t r a t i o n  of  
a  proximately  1.19 g/cmg a t  a ra te  of  approximate ly  8 .5  thousand 
m y  d a i l y ,  and a t  a t empera tu re  o f  92-94O~;  t o  d r a i n  o f f  t h i s  
wate r ,  it was n e c e s s a r y  t o  d r i l l  a s p e c i a l  i n c l i n e d  w e l l .  

I f  t h e  d r i l l i n g  p r e s s u r e s  used are a good d e a l  h i g h e r  t h a n  
t h e  porous p r e s s u r e s  o f  t h e  rock  t y p e s  encounte red  ( e s p e c i a l l y  
c l a y s ) ,  t h e  mechanica l  r a te  of  d r i l l i n g  i s  g r e a t l y  reduced;  
t h i s  compl ica tes  s t i l l  f u r t h e r  t h e  equipment o f  w e l l s  i n  t h e  
AHFP zones. 

T h i s  shows t h e  u r g e n t  need f o r  t i m e l y  f o r e c a s t i n g  o f  bo th  
t h e  presence of  zones o f  IFP and AHFP and a l s o  t h e i r  magni tudes ,  
s o  t h a t  t h e  f e a s i b i l i t y  o f  b o r i n g  w e l l s  under  c o n d i t i o n s  c l o s e  
t o  t h e  e q u i l i b r i u m  p r e s s u r e  of  t h e  bo reho le  can  b e  a s s e s s e d  
[2t41 - 

For such f o r e c a s t s  it i s  impor t an t  t o  s t u d y  t h e  l a w s  
governing t h e  g r a d i e n t s  of  f c r m a t i o n  p r e s s u r e  and t h e  i n t e n s i t y  
of t h e  v e r t i c a l  m i g r a t i o n  o f  f l u i d s ;  such f o r e c a s t s  shou ld  a l s o  
t a k e  i n t o  account  any s i g n s  o f  t h e  a c t i v e  i n f l u e n c e  o f  l a r g e -  
s c a l e  accumulat ions  of  f l u i d s  bounded by s t r a t a  w i t h  e x c e s s i v e l y  
high energy,  p a r t i c u l a r l y  f o r  c l a y  l a y e r s ,  i n  which, a s  a r e s u l t  
of  t h i s  e f f e c t ,  condensed zones  ( i n t r u s i o n  h a l o e s )  a r e  formed on 
i n c r e a s i n g  t h e  d r i l l i n g  p r e s s u r e .  I n  t h e s e  zones t h e  f o l l o w i n g  
phenomena a r e  observed:  i n c r e a s e d  h e a t i n g ,  t h e  appea rance  of  
montmorillonite-hydromica n e o g e n e s i s ,  t h e  p r e s s u r e  o f  s i l i c e o u s  
l imes tone  l i t h o l o g i c a l  b a r r i e r s ,  t h e  development of condensed 
( d e s a l i n a t e d )  w a t e r s  i n  t h e  i n t r u s i o n  h a l o e s  under  gas -condensa te  
accumulat ions ,  etc. [2]  . 

It has  been shown e x p e r i m e n t a l l y  [12] t h a t ,  when do lomi t e ,  
l i m e ,  sodium sa l t s ,  and s e v e r a l  o t h e r  mineral s a l t s  a v a i l a b l e  
i n  t h e  i n t e r m e d i a t e  l a y e r s  i n  c l a y s  are added t o  t h e  d r i l l i n g  
mud, a r g i l l i t e  i s  t u r n e d  i n t o  p l a s t i c  mon tmor i l l on i t e .  During 
t h e  a c t i v e  a b s o r p t i o n  o f  w a t e r  by t h e  m o n t m o r i l l o n i t e s ,  a 
s w e l l i n g  of  an  osmot ic  c h a r a c t e r  t a k e s  p l a c e  [7]  . Montmor i l l on i t e  



i n  t h e  i n t r u s i o n  h a l o e s  becomes s a t u r a t e d  w i t h  w a t e r  d u e  t o  t h e  
p r e s e n c e  of  condensed ( d e s a l i n a t e d )  w a t e r  and c a r b o n  d i o x i d e .  
T h i s  e f f e c t  i s  u s e d  i n  p r a c t i c e  t o  s t r e n g t h e n  t h e  w a l l s  o f  w e l l s  
i n  t h e  zones  where t h e y  p a s s  t h r o u g h  t h e  i n t r u s i o n  h a l o ,  b u t  a t  
t h e  expense  of  t h e  p r e c i s e  r e g u l a t i o n  of  t h e  s a l t  c o m p o s i t i o n  
o f  t h e  w a t e r  phase  o f  s p e c i a l  o i l  e m u l s i o n s  t h a t  a r e  used  a s  a  
f l u s h i n g  f l u i d  d u r i n g  d r i l l i n g .  

For t h e  d r i l l i n g  o f  w e l l s  under  c o n d i t i o n s  where t h e  forma- 
t i o n  ( p o r o u s )  p r e s s u r e  and t h e  h y d r o s t a t i c  p r e s s u r e  are c l o s e  t o  
e q u i l i b r i u m ,  it i s  n e c e s s a r y  t o  d e t e r m i n e  t h e  zone o f  development  
of  AHFP o v e r  a  p e r i o d  o f  t i m e  and t o  pe r fo rm a q u a n t i t a t i v e  
e v a l u a t i o n  o f  t h e  f o r m a t i o n  p r e s s u r e s .  With t h e s e  o b j e c t i v e s  
i n  mind, a  number o f  methods have  been d e v i s e d  i n  t h e  U . S . S . R .  
and i n  o t h e r  c o u n t r i e s .  The methods are based  on t h e  u s e  o f  
p a r a m e t e r s  and c h a r a c t e r i s t i c s  n o t e d  d u r i n g  o b s e r v a t i o n  o f  t h e  
d r i l l i n g  p r o c e s s ,  and on t h e  r e s u l t s  o f  t h e  a n a l y s i s  o f  d r i l l  
c o r e s  and bore-mud, a i d e d  by f i e l d  s t u d i e s  o f  t h e  mud a t  t h e  
mouth o f  t h e  w e l l .  I n  a d d i t i o n ,  t h e  v a r i a b l e s  chosen  f o r  
o b s e r v a t i o n  s h o u l d  r e f l e c t  t h e  c h a n g e s  i n d i c a t e d  a b o v e ,  a t  t h e  
r e l e v a n t  d e p t h  f o r  e a c h  p a r a m e t e r ,  under  c o n d i t i o n s  c a u s e d  by 
prolonged and a c t i v e  AHFP. 

I n  s o l v i n g  t h e  problem o u t l i n e d  above,  one  s h o u l d  t a k e  i n t o  
a c c o u n t  two p o s s i b i l i t i e s  c o n c e r n i n g  t h e  n a t u r e  o f  t h e  c o v e r i n g  
l a y e r s ,  namely,  w h e t h e r  t h e y  a r e  composed o f  c l a y  o r  o f  t i g h t l y  
packed impermeable s a l t s  o r  a n y d r a t e s .  

Before  d r i l l i n g ,  a n  a t t e m p t  i s  made t o  f o r e c a s t  t h e  p r e s e n c e  
o f  d e p o s i t s  w i t h  an  abnormal ly  h i g h  f o r m a t i o n  e n e r g y ,  w i t h  t h e  
o b j e c t i v e  o f  c h o o s i n g  t h e  c o r r e c t  d e s i g n  o f  w e l l  f o r  t h e  l o c a l  
p r e s s u r e  c o n d i t i o n s ;  t h i s  t y p e  o f  f o r e c a s t  i s  g e n e r a l l y  based  on 
t h e  i n t e r p r e t a t i o n  o f  g e o l o g i c a l ,  g e o p h y s i c a l ,  and geochemica l  
d a t a  f o r  t h e  r e g i o n  and a r e a  concerned .  I n  cases where  t h e  
d e p o s i t  h a s  n o t  r e c e i v e d  s u f f i c i e n t  s t u d y ,  t h e  n e c e s s a r y  d a t a  
may be o b t a i n e d  w i t h  t h e  h e l p  o f  seismic s u r v e y s  o f  t h e  i n t r u s i o n  
h a l o e s  and t h e  rest o f  t h e  d e p o s i t  i n  c o m b i n a t i o n  w i t h  q u a n t i t a -  
t i v e  methods i n v o l v i n g  d i r e c t  geochemica l  s t u d i e s ,  g r a v i t a t i o n a l  
p r o s p e c t i n g ,  e tc .  

During t h e  d r i l l i n g  p r o c e s s ,  a  c o n t i n u i n g  a p p r o x i m a t e  
f o r e c a s t  o f  t h e  r e s e r v e s  o f  AHFP and t h e i r  q u a n t i t a t i v e  
s i g n i f i c a m e m a y  b e  produced by o b s e r v i n g  a l l  o f  t h e  p a r a m e t e r s  
i n d i c a t e d  above.  

For t h e  c l a y  l a y e r s ,  a l l  o f  t h e  means o f  e v a l u a t i o n  o f  
AHFP a r e  based  f i r s t  on d e t e r m i n i n g  t h e  normal  r e l a t i o n s h i p s  
between t h e  d e n s i t y  o f  t h e  l a y e r s  and t h e  d e p t h s  c o n c e r n e d ,  and 
t h e n  on c h e c k i n g  f o r  s p e c i f i c  l a y e r s  i n  which t h e s e  r e l a t i o n -  
s h i p s  a r e  v i o l a t e d .  The decompact ion  o f  c l a y s  i n  t h e  i n t r u s i o n  
h a l o ,  under  t h e  i n f l u e n c e  o f  AHFP, l e a d s  t o  a  d e c r e a s e  i n  t h e i r  
mechan ica l  s t r e n g t h  and d e n s i t y  a s  w e l l  a s  t o  an  i n c r e a s e  i n  
t h e i r  p o r o s i t y .  I n  a d d i t i o n ,  it i s  found t h a t  t h e  e lec t r ica l  
r e s i s t a n c e  and t h e  speed  o f  t h e  p r o p o g a t i o n  o f  t h e  r e s i l i e n t  
waves d e c r e a s e ,  t h e  g a s e o u s  c o n t e n t  i n c r e a s e s ,  e tc .  



In  o rde r  t o  p r e d i c t  t h e  appearance of  zones of  AHFP and t o  
e v a l u a t e  t h e  r e l e v a n t  fo rmat ion  p r e s s u r e s  t h e  fo l lowing  parameters  
and c h a r a c t e r i s t i c s  may be used:  

1 . DATA FROM BORING [ I ,  61 

This  may be d i v i d e d  i n t o  t h r e e  groups:  

1.1 Methods based on t h e  occur rence  o f  g a s - c o l l e c t i n g  l a y e r s  
which have a  p r e s s u r e  h i g h e r  t h a n  t h e  p r e s s u r e  i n  t h e  
w e l l s ;  t h i s  m a n i f e s t s  i t s e l f  i n  an i n c r e a s e  i n  g a s  s a t u -  
r a t i o n  of  t h e  d r i l l i n g  mud and t h e  changes  i n  t h e  p r e s s u r e s  
a t  t h e  o u t l e t  of  t h e  d r i l l i n g  pump; a l s o ,  i f  m i n e r a l i z e d  
wate rs  a r e  encounte red ,  t h e  c o n t e n t  of  s a l t s  i n  t h e  f l u s h i n g  
f l u i d  i n c r e a s e s ;  

Methods based on t h e  occur rence  o f  c l a y s  which have a  
porous p r e s s u r e  h i g h e r  t h a n  t h e  h y d r o s t a t i c  p r e s s u r e  i n  
t h e  w e l l ;  i f  t h e s e  u n s t a b l e  rock  t y p e s  a r e  encoun te red  
dur ing  d r i l l i n g ,  t h e y  f low i n t o  t h e  bo reho le ,  l e a d i n g  
t o  an i n c r e a s e  i n  d r i l l i n g  t o r q u e  and d e l a y s  i n  t h e  
r a i s i n g  and lowering of  t h e  d r i l l i n g  column; f r e q u e n t l y ,  
t h e  expu l s ion  of an i n c r e a s e d  amount o f  fragmented bo re  
mud from t h e  w e l l  i s  observed;  

1 .3  Methods based on n o t i n g  t h e  i n c r e a s e  i n  t h e  v e r t i c a l  
r a t e  of d r i l l i n g  when pas s ing  th rough  t h e  i n t r u s i o n  
halo;  t h i s  i s  p a r t i c u l a r l y  e v i d e n t  i n  zones  where t h e r e  
i s  a  d i f f e r e n c e  i n  t h e  porous and t h e  h y d r o s t a t i c  

2 p r e s s u r e s  i n  t h e  w e l l  (sometimes a s  l a r g e  a s  35 kg/cm ) .  
The d r i l l i n g  r a t e  r e a c h e s  a  maximum when t h e  two pres -  
s u r e s  are a t  e q u i l i b r i u m ,  b u t  t h e  a x i s  l o a d s  a r e  f i x e d  
according t o  t h e  t y p e  of d r i l l ,  i t s  r a t e  o f  r o t a t i o n ,  
and i t s  v e r t i c a l  d r i l l i n g  r a t e .  The r e s u l t i n g  d a t a  a r e  
processed acco rd ing  t o  t h e  e x p o n e n t i a l  method [ I l l ,  
t a k i n g  t h e  d e n s i t y  o f  t h e  f l u s h i n g  l i q u i d  i n t o  account .  

2 .  RESULTS FROM ANALYSES 

The r e s u l t s  of  a n a l y s e s  o f  t h e  bore  mud and c o r e  samples 
i n  t e r m s  of  t h e i r  d e n s i t y ,  p o r o s i t y ,  d e g r e e  of  s a t u r a t i o n  
wi th  f l u i d s  and e l e c t r i c a . 1  r e s i s t a n c e ,  and s t u d i e s  o f  t h e  
speed w i t h  which t h e  h o r i z o n t a l  waves a r e  p ropaga ted  i n  
t h e  samples,  and of  t h e i r  e l a s t i c  deformat ion  c h a r a c t e r -  
i s t i c s .  The l a s t  method i s  p a r t i c u l a r l y  u s e f u l  f o r  
f o r e c a s t i n g  AHFP i n  t h e  presence  o f  t h i c k  cove r ing  l a y e r s  
of s a l t s  and anhydra t e s .  

3. HYDROPHYSICAL STUDIES [ I ,  3 ,8 ,9]  

Hydrophysical  s t u d i e s  are made a t  a l l  s t a g e s  i n  t h e  
e x p l o r a t i o n  of  d e p o s i t s  ( e s p e c i a l l y  se ismology and 
grav imet ry)  and w e l l s  ( l ogg ing  o f  e l e c t r i c a l  , 



i n d u c t i o n ,  a c o u s t i c ,  and d e n s i t y  d a t a ) ;  g e o p h y s i c a l  methods 
a r e  e s p e c i a l l y  u s e f u l  f o r  s ands tone -c l ay  s e c t i o n s .  Graphs 
a r e  a v a i l a b l e  which show how t h e s e  p h y s i c a l  p r o p e r t i e s  
normal ly  v a r y  w i t h  d e p t h :  l a y e r s  w i t h  a  normal  porous  
p r e s s u r e  can  be matched t o  t h e  d e p t h  dependenc i e s  shown 
i n  t h e  g r a p h s ,  and any remain ing  d e v i a t i o n s  from t h e s e  
dependenc i e s  (e .  g . ,  a  l ower ing  o f  t h e  r e l a t i v e  e l e c t r i c a l  
r e s i s t a n c e  o r  d e n s i t y  o f  t h e  rock  t y p e s ,  o r  an  i n c r e a s e  i n  
t h e i r  c o n d u c t i v i t y )  a r e  e v i d e n c e  of t h e  p r e s e n c e  o f  AHFP. 
The methods g e n e r a l l y  used [ I ]  f o r  d e t e r m i n i n g  po rous  
p r e s s u r e  from g e o p h y s i c a l  d a t a  and t h e  s t u d y  o f  t h e  bo re  
mud t a k e  i n t o  a c c o u n t  t h e  i n f l u e n c e  o f  t h e  t e m p e r a t u r e  o f  
t h e  rock  t y p e s  c o n s i d e r e d ,  t h e  d e g r e e  o f  m i n e r a l i z a t i o n  o f  
t h e  muds, and t h e  change o f  p e t r o - p h y s i c a l  p r o p e r t i e s  under  
t h e  i n £  l u e n c e  o f  AHFP. The a c t u a l  c a l c u l a t i o n  o f  porous  
p r e s s u r e s  i s  c a r r i e d  o u t  by r educ ing  t h e  v a l u e s  t h a t  
c h a r a c t e r i z e  t h e  l a y e r  be ing  s t u d i e d ,  t o  t h o s e  a t  an  
e q u i v a l e n t  d e p t h  under  s p e c i f i c  h y d r o s t a t i c  p r e s s u r e  
t h i s  c o n s i d e r a b l y  s i m p l i f i e s  t h e  c a l c u l a t i o n  p rocedu re  
and l ower s  t h e  e r r o r  i n  t h e  e v a l u a t i o n  o f  t h e  p r e s s u r e .  

4 .  GEOCHEMICAL STUDIES 

Geochemical s t u d i e s  o f  t h e  b o r e  mud and t h e  f i l t r a t e s  o f  
d r i l l i n g  muds [ I  ,31 .  I t  h a s  been e s t a b l i s h e d  t h a t ,  i n  
comparison t o  t h e  g e n e r a l  background v a l u e s ,  t h e  zones  
of AHFP show a n  i n c r e a s e  i n  pH and geo the rmic  g r a d i e n t ,  
and a  s i g n i f i c a n t  d e c r e a s e  i n  o x i d a t i o n  r e d u c t i o n  
( r edox )  p o t e n t i a l .  

The most s u c c e s s f u l  f o r e c a s t s  o f  t h e  appea rance  and magni tude  
of  AHFP have been o b t a i n e d  by u s i n g  a complex c o - a p p l i c a t i o n  
o f  a l l  t h e  methods d e s c r i b e d  above.  
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