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TECHNICAL NOTE 

ASSESSMENT OF IN-PLACE SOLUTION METHANE IN TERTIARY SANDSTONES--TEXAS GULF  COAST^ 

A . R .  Gregory, M.M.  Dodge, J.S. !'iisey, and R . A .  Morton 

Bureau of Economic Geology, U n i v e r s i t y  of Texas-Austin 

ABSTRACT 

The h i g h e r  pr ices  o b t a i n e d  f o r  commercial  
n a t u r a l  g a s  i n  r e c e n t  years have  s t i m u l a t e d  i n t e r -  
es t  i n  me thane - sa tu ra t ed  fo rma t ion  waters of aand- 
s t o n e  r e s e r v o i r s  i n  t h e  Texas Gulf Coast a s  a po- 
t e n t i a l  a l t e r n a t i v e  s o u r c e  of energy .  

t h e  t o t a l  volume of i n -p l ace  methane d i s s o l v e d  i n  
fo rma t ion  w a t e r s  of deep sands tone  r e s e r v o i r s  o f  
t h e  onshore  Texas  Gulf Coas t  w i t h i n  t h e  s t r a t i -  
g r a p h i c  s e c t i o n  e x t e n d i n g  from t h e  base  of s i g n i f -  
i c a n t  hydrocarbon p roduc t ion  (8 ,000  f t )  t o  t he  
deepes t  s i g n i f i c a n t  s ands tone  occur rence .  F a c t o r s  
t h a t  must be e v a l u a t e d  t o  de t e rmine  t h e  t o t a l  
methane r e s o u r c e  are r e s e r v o i r  b u l k  volume, poros- 
i t y ,  and methane s o l u b i l i t y .  The l a t t e r  is  con- 
t r o l l e d  by t h e  t e m p e r a t u r e ,  p r e s s u r e ,  and s a l i n i t y  
of fo rma t ion  waters. 

Regional  a s ses smen t  of t h e  volume and d i s t r i -  
b u t i o n  of p o t e n t i a l  s a n d s t o n e  r e s e r v o i r s  was made 
from a d a t a  base  of 880  e l e c t r i c a l  w e l l  l o g s ,  from 
which a g r i d  o f  2 4  s t r u c t u r a l  d i p  c r o s s  s e c t i o n s  
and 4 s t r i k e  c r o s s  s e c t i o n s  was c o n s t r u c t e d .  
These c r o s s  s e c t i o n s  ex tend  from n e a r  t h e  Wilcox 
o u t c r o p  t o  t h e  c o a s t l i n e .  R e s e r v o i r  h u l k  volume 
was de te rmined  by mapping t h e  s t r u c t u r a l  and s t r a -  
t i g r a p h i c  framework of T e r t i a r y  sands tone  u n i t s .  
S t r u c t u r a l  and s t r a t i g r a p h i c  boundar i e s  were used 
t o  d i v i d e  t h e  Texas Gulf Coast i n t o  24 s u b d i v i -  
s i o n s .  Methane c o n t e n t  i n  each  of n i n e  fo rma t ions  
o r  d i v i s i o n s  of fo rma t ions  w a s  de te rmined  f o r  each  

The t o t a l  i n -p l ace  methane f o r  T e r t i a r y  sand- 

The o b j e c t i v e  of t h i s  p r o j e c t  was t o  a p p r a i s e  

s u b d i v i s i o n .  

s t o n e s  below 8,000 f t  i n  t h e  Texas Gulf Coas t  was 
found t o  be 6 9 0  TCF.2 
ane  f o r  " e f f e c t i v e "  T e r t i a r y  sands tones  ( s a n d s t o n e  
u n i t s  g r e a t e r  t han  30 f t  t h i c k )  below 8,000 f t  w a s  
325 TCF. 

The t o t a l  i n -p l ace  meth- 

INTRODUCTION 

Energy r e s o u r c e s  c o n t a i n e d  i n  geopres su red  
s a n d s t o n e s  a l o n g  t h e  Texas Gulf Coast are  (1) 
the rma l  ene rgy  from ho t  b r i n e s ;  ( 2 )  mechanica l  en- 
e r g y  from h i g h  fo rma t ion  f l u i d  p r e s s u r e ,  and ( 3 )  
ene rgy  from n a t u r a l  g a s  ( m o s t l y  methane) d i s s o l v e d  
i n  fo rma t ion  wa te r .  I n i t i a l  i n t e r e s t  focused  p r i -  
m a r i l y  on  h e a t  t h a t  c o u l d  be e x t r a c t e d  from ho t  
b r i n e s  and conve r t ed  t o  e l e c t r i c a l  energy  through 

l p u b l i c a t i o n  a u t h o r i z e d  by t h e  D i r e c t o r ,  Bureau 
o f  Economic Geology, The U n i v e r s i t y  o f  Texas a t  
Aus t in .  

~ T C F  = SCF x 1012 

t u r b i n e s  a t  t h e  s u r f a c e .  In  r e c e n t  y e a r s ,  t h e  
economic c l i m a t e  i n  t h e  Uni ted  S t a t e s  has  changed 
s u b s t a n t i a l l y  because  of t h e  energy  c r i s i s ,  and 
t h e  r e s u l t i n g  i n c r e a s e  i n  t h e  p r i c e  of n a t u r a l  g a s  
has  s h i f t e d  economic i n t e r e s t  from h o t  water  t o  
s o l u t i o n  methane. 

E s t i m a t e s  of t h e  in -p lace  s o l u t i o n  methane 
r e s o u r c e  i n  geopres su red  s a n d s t o n e s  i n  t h e  n o r t h -  
e r n  Gulf of Mexico b a s i n  made by o t h e r  i n v e s t i g a -  
t o r s  ranged from 3 ,000  TCF t o  4 9 , 0 0 0  TCF. A USGS 
assessment  (Wal lace  e t  a l ,  1978) e s t i m a t e d  a d i s -  
so lved  methane r e s o u r c e  of 1 ,792  TCF f o r  geopres-  
su red  sands tones  i n  o f f s h o r e  and onshore  Texas in-  
c l u d i n g  t h e  i n l a n d  upper  Cre t aceous  s a n d s t o n e s .  
These wide ly  r ang ing  e s t i m a t e s  of i n -p l ace  s o l u -  
t i o n  methane i n d i c a t e d  t h a t  a more d e t a i l e d  ana ly -  
s i s  of onshore  T e r t i a r y  sed imen t s  i n  t h e  Texas 
Gulf Coas t  was needed. 

The main o b j e c t i v e  of t h e  p r e s e n t  s t u d y  was 
t o  a p p r a i s e  t h e  t o t a l  volume of i n -p l ace  methane 
d i s s o l v e d  i n  fo rma t ion  waters of deep sands tone  
r e s e r v o i r s  a long  t h e  onshore  Texas Gulf Coas t .  It 
was assumed i n  t h i s  s t u d y  t h a t  a l l  fo rma t ion  wa- 
t e r s  a r e  s a t u r a t e d  w i t h  methane ,  under t h e  e x i s t -  
i n g  s u b s u r f a c e  c o n d i t i o n s  of p r e s s u r e ,  tempera- 
t u r e ,  and s a l i n i t y .  

base  of  o i l  p r o d u c t i o n  i n  t h e  Texas Gulf C o a s t ,  
about  8 ,000  f t  below mean sea l e v e l .  The lower 
l i m i t  o f  t h e  zone o f  i n t e r e s t  i s  t h e  base of t h e  
Wilcox Group, because  i t  is t h e  deepes t  s i g n i f i -  
c a n t  s ands tone  u n i t .  Below t h e  Wilcox t h e  s t r a -  
t i g r a p h i c  section Is almost e n t i r e l y  s h a l e .  The 
a r e a  of i n v e s t i g a t i o n  is  about  50,000 s q u a r e  
miles. 

The areas of s i g n i f i c a n t  s ands tone  develop-  
ment i n  t h e  T e r t i a r y  fo rma t ions  ( f i g .  1) c o n t a i n  
s u b s t a n t i a l  q u a n t i t i e s  of s o l u t i o n  methane. Fac- 
t o r s  t h a t  must he e v a l u a t e d  t o  de t e rmine  t h e  t o t a l  
s o l u t i o n  methane r e s o u r c e  are r e s e r v o i r  bu lk  vol -  
ume, p o r o s i t y ,  and methane s o l u b i l i t y ;  t h e  l a t t e r  
i s  c o n t r o l l e d  by t e m p e r a t u r e ,  p r e s s u r e ,  and s a l i n -  
i t y  of t h e  fo rma t ion  water. R e s e r v o i r  h u l k  volume 
i s  de termined  by mapping t h e  s t r u c t u r a l  and 
s t r a t i g r a p h i c  framework o f  T e r t i a r y  sands tone  
u n i t s .  F o r o s i t y  i s  de termined  from c o r e  a n a l y s e s  
o r  d e r i v e d  from i n d u c t i o n  and  SP l o g s .  Formation 
f l u i d  p r e s s u r e  i s  de termined  from d r i l l  s t e m  t es t s  
o r  from s h a l e  r e s i s t i v i t y  l o g  d a t a ;  s a l i n i t y  i s  
c a l c u l a t e d  from t h e  spontaneous  p o t e n t i a l  l o g  
d a t a ;  and e q u i l i b r i u m  t empera tu re  i s  c a l c u l a t e d  
from we l l - log  heade r  t empera tu res .  

The t o p  of t h e  zone examined i s  t h e  a v e r a g e  

REGIONAL ASSESSMENT 

Reg iona l  a s ses smen t  of t h e  volume and d i s t r i -  
b u t i o n  of p o t e n t i a l  r e s e r v o i r s  was made us ing  a 
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F ig .  1. Cenozoic s t r a t i g r a p h i c  s e c t i o n ,  Texas Gu 
Coas t .  
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d a t a  base  o f  880 e l e c t r i c a l  w e l l  l o g s ,  from which 
a g r i d  of c r o s s  s e c t i o n s  w a s  c o n s t r u c t e d  ( f i g .  2 )  
Twenty-four s t r u c t u r a l  d i p  c r o s s  s e c t i o n s ,  u s i n g  
sea leve l  as t h e  datum, were spaced  15 t o  20 miles 
a p a r t  a l o n g  t h e  Texas  C o a s t ,  e x t e n d i n g  from n e a r  
t h e  Wilcox o u t c r o p  t o  t h e  c o a s t l i n e .  Four  s t r u c -  
t u r a l  s t r i k e  c r o s s  s e c t i o n s  t i e d  t o  w e l l s  on d i p  
s e c t i o n s  were c o n s t r u c t e d  t o  e n s u r e  c o n s i s t e n c y  of 
c o r r e l a t i o n .  

The Gulf Coast w a s  segmented i n t o  2 4  s u b d i v i -  
s i o n s  ( f i g .  2 )  f o r  d e t a i l e d  mapping and c a l c u l a -  
t i o n  of t h e  i n - p l a c e  methane r e s o u r c e .  L o c a t i o n s  
of Wilcox, V icksburg ,  and F r i o  f a u l t  zones ,  as  de- 
te rmined  on each  d i p  c r o s s  s e c t i o n ,  d e l i n e a t e d  
f o u r  bands  p a r a l l e l i n g  t h e  c o a s t .  These bands en- 
compass (1) t h e  a r e a  upd ip  of t h e  Wilcox f a u l t  
zone ,  i n c l u d i n g  S u b d i v i s i o n s  19 th rough  2 4 ,  ( 2 )  
t h e  Wilcox f a u l t  zone, i n c l u d i n g  S u b d i v i s i o n s  13 
th rough  18, ( 3 )  t h e  a r e a  between t h e  Wilcox f a u l t  
zone and t h e  Vicksburg  and  F r i o  f a u l t  zones ,  i n -  
c l u d i n g  S u b d i v i s i o n s  7 th rough  1 2 ,  and ( 4 )  t h e  
area between t h e  Vicksburg  and F r i o  f a u l t  zones  
and t h e  c o a s t ,  i n c l u d i n g  S u b d i v i s i o n s  1 th rough  6. 
Boundary l i n e s  p e r p e n d i c u l a r  t o  t h e  c o a s t  were 
drawn t o  s e p a r a t e  and b i s e c t  t h e  t h r e e  s t r u c t u r a l  
p rov inces .  For ease of c a l c u l a t i o n ,  t h e  l a t t e r  
boundar i e s  were drawn a l o n g  n e a r e s t  coun ty  l i n e s .  
Each fo rma t ion  i n  each  s u b d i v i s i o n ,  t h e r e f o r e ,  may 
be c h a r a c t e r i z e d  by i t s  s t r u c t u r a l  as w e l l  as i t s  
d e p o s i t i o n a l  s e t t i n g  . 

EVALUATION OF FORMATION PARAMETERS 

R e s e r v o i r  b u l k  volume was de te rmined  by map- 
p ing  t h e  s t r u c t u r a l  and s t r a t i g r a p h i c  framework of 
T e r t i a r y  s a n d s t o n e  u n i t s .  P o r o s i t y  was de te rmined  
from c o r e  a n a l y s e s  o r  d e r i v e d  from i n d u c t i o n  and 
SP w e l l  l o g s .  The p o r o s i t y  a t  t h e  midpoin t  of 
f o r m a t i o n s  of i n t e r e s t  i n  each  w e l l  was de te rmined  
by u s i n g  p o r o s i t y  v e r s u s  dep th  r e l a t i o n s h i p s  es- 
t a b l i s h e d  f o r  each  s u b d i v i s i o n  shown i n  F i g u r e  2 .  
F l u i d  p r e s s u r e  a t  t h e  midpoin t  of fo rma t ions  was 
de t e rmined  from d r i l l  stem test measurements o r  
from s h a l e  r e s i s t i v i t y  d a t a .  Formation e q u i l i b r i -  
um t e m p e r a t u r e s  were o b t a i n e d  a t  t h e  midpoin t  o f  
f o r m a t i o n s  by c o r r e c t i n g  wel l - log-header  tempera- 
tu res  t o  e q u i l i b r i u m  v a l u e s .  S a l i n i t y  was d e r i v e d  

from wa te r  r e s i s t i v i t y  o b t a i n e d  from the  SP log  
u s i n g  mud f i l t r a t e  r e s i s t i v i t y  v a l u e s  from w e l l  
l og  h e a d e r s .  The improved method (Dunlap and 
Dorfman, 1981) dev i sed  f o r  de t e rmin ing  s a l i n i t y  i n  
deep h o t  wells d r i l l e d  w i t h  l i g n o s u l f o n a t e  mud was 
n o t  a v a i l a b l e  in t i m e  t o  be used i n  t h i s  s t u d y .  

The e m p i r i c a l  e q u a t i o n  of Blount e t  a1 (1979)  
w a s  used f o r  c a l c u l a t i n g  methane s o l u b i l i t y .  The 
r anges  of methane s o l u b i l i t y  were c a l c u l a t e d  f o r  
t h e  ave rage  v a l u e s  of p r e s s u r e ,  t e m p e r a t u r e ,  and 
s a l i n i t y  t h a t  r e p r e s e n t  T e r t i a r y  n e t  s ands tones  
and e f f e c t i v e  s a n d s t o n e s  t h a t  occu r  below 8 , 0 0 0  f t  
f o r  each  of 9 fo rma t ions  i n  each  of 24  s u b d i v i -  
s i o n s ,  o n s h o r e  Texas Gulf Coas t .  Values o f  meth- 
ane  s o l u b i l i t y  i n  fo rma t ion  waters of T e r t i a r y  
s a n d s t o n e s  range  from 10 t o  120  SCF/bbl. The new 
e q u a t i o n s  of Blount e t  a1 (1981)  g i v e  lower  v a l u e s  
of methane s o l u b i l i t y  bu t  were n o t  a v a i l a b l e  i n  
t i m e  t o  be used i n  t h i s  work. 

EVALUATION OF METHANE IN-PLACE RESOURCE 

A r e g i o n a l  n e t  s ands tone  d i s t r i b u t i o n  map of 
each  o f  9 fo rma t ions3  ( o r  d i v i s i o n s  of forma- 
t i o n s )  was p repa red  u s i n g  a v a i l a b l e  w e l l  c o n t r o l  
and s t r i v i n g  f o r  a minimum of one w e l l  l o g  pe r  
Tobin g r i d .  Sands tone  b u l k  volume, po re  volume, 
median t e m p e r a t u r e ,  p r e s s u r e ,  s a l i n i t y ,  and meth- 
a n e  s o l u b i l i t y ,  w e r e  t a b u l a t e d  ( G r e g o r y  e t  a l ,  
1980)  by fo rma t ion  f o r  each  w e l l  on c r o s s  s e c t i o n s  
w i t h i n  t h e  2 4  s u b d i v i s i o n s  shown i n  F i g u r e  2 .  The 
t o t a l  s o l u t i o n  methane in -p lace  r e s o u r c e  f o r  a l l  
T e r t i a r y  n e t  s a n d s t o n e s  below 8,000 f t  i n  t h e  
Texas Gulf Coast w a s  de te rmined  t o  be 690 TCF. A 
r e s o u r c e  estimate of 325 TCF was de te rmined  f o r  
a l l  e f f e c t i v e  s a n d s t o n e s  ( s a n d s t o n e s  g r e a t e r  t h a n  
30 f t  t h i c k ) .  A l l  po re  spaces  were assumed t o  be 
f i l l e d  c o m p l e t e l y  w i t h  me thane - sa tu ra t ed  water. 

DISTRIBUTION OF METHANE IN-PLACE RESOURCE 

More t h a n  75 p e r c e n t  of t h e  s o l u t i o n  methane 
r e s o u r c e  o c c u r s  i n  t h e  Wilcox and Vicksburg-Fr io  
f a u l t  zones ;  5 0  percent of t h e  r e s o u r c e  o c c u r s  i n  
t h e  Vicksburg-Fr io  f a u l t  zone a l o n e ,  where T e r t i -  
a r y  sand d e p o c e n t e r s  a r e  c o n c e n t r a t e d  (Tab le  1). 
S i g n i f i c a n t  sand  development o c c u r s  upd ip  of t h e  
Wilcox f a u l t  zone ,  bu t  v e r t i c a l  accumula t ion  of 
sand  i s  less r e l a t i v e  t o  t h a t  w i t h i n  t h e  f a u l t  
zones due t o  l a c k  o f  growth  f a u l t i n g .  Also ,  where 
sand h a s  accumula ted  a t  s h a l l o w e r  d e p t h s ,  methane 
s o l u b i l i t y  i s  lower  because  of lower  p r e s s u r e s  and 
t e m p e r a t u r e s .  I n  s u b d i v i s i o n s  downdip of t h e  
Wilcox f a u l t  zone and updip  of t h e  Vicksburg-Fr io  
f a u l t  zone o n l y  minor ,  t h i n  sands  were d e p o s i t e d  
i n  p r o d e l t a  and s h e l f  muds s i n c e  C la ibo rne  and 
Jackson  d e l t a s  d i d  n o t  prograde  o u t  t o  t h e  s h e l f  
margins .  The Wilcox and Vicksburg-Fr io  f a u l t  
zones ,  t h e r e f o r e ,  a r e  of pr imary  i n t e r e s t  i n  eva l -  
u a t i n g  t h e  s o l u t i o n  methane r e s o u r c e .  

3Upper F r i o ,  lower  F r i o ,  Vicksburg-Jackson ,  
upper  C l a i b o r n e  (Yegua),  lower  C l a i b o r n e ,  upper  
Wilcox ,  middle  Wilcox ,  lower  Wilcox, and upper  
Ol igocene -P le i s  t o c e n e  Format ions  . 
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METHANE ASSESSMENT 

Fig .  2 .  
m e  t hane  r e s o u r c e .  

S u b d i v i s i o n s  d e l i n e a t e d  f o r  d e t a i l e d  mapping and c a l c u l a t i o n  of i n -p l ace  s o l u t i o n  

Tab le  1. D i s t r i b u t i o n  of i n -p l ace  methane 
d i s s o l v e d  i n  fo rma t ion  waters ,  T e r t i a r y  
s a n d s t o n e s  below 8,000 f t ,  onshore  Texas 
Gulf Coas t .  

Net Sandstone Effect ive Sandstone. 

Methane % Tota l  Methane Qln Tota l  
SCF) methane ( lo t2  SCF) methane 

50 4 142 43 7 Vicksburg-Frio faul t  zone 348 
(Subdivisions 1-6) 

Updip of Vicksburg-Frio 
fault zone 33 4 8  13 4 0  
(Subdivisions 7-12) 

(Subdivisions 13-16) 183 

126 

26 5 92 28 3 

1 8 3  - 24 0 

Tota l  690 100 0 325 100 0 

Wilcox fault zone 

Updip of Wilcox fault zone 
(Subdiv is ions 19-24) __ ~ 78 ~ 

'Sandstones more  than 30 f t  th ick 
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- f t  x 0.3048 m 
SCF x 0.02831685 = m3 

SCF/bbl x 0.1801175 = s t d  m 3 / m 3  
sq m i l e  x 2.589988 = b 2  
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