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RETHANE GAS CONTENT OF THE MARY L E E  GROUP OF COALBEDS, 
JEFFERSON, TUSCALOOSA, AND WALKER COUNTIES, ALA. 

by 

W. P. Diamond, 1 G. W. Murrie, 1 and Ce Me McCulloch 1 

ABSTRACT 

It i s  est imated t h a t  more than 1 t r i l l i o n  cubic f e e t  of methane i s  con- 
ta ined  w i t h i n  the  coa ls  of the Mary Lee group i n  J e f f e r s o n ,  e a s t e r n  Tuscaloosa, 
and southern Walker Counties ,  Ala. Most of t h i s  methane w i l l  be encountered 
by mining. Coals of the Mary Lee group a r e  present ly  being mined a t  depths 
exceeding 1,000 f e e t  and w i l l  i n  the near  fu tu re  be mined a t  even g r e a t e r  
depths ,  where the  problem of methane gas a f f e c t i n g  the  mining operat ions w i l l  
be acute .  It i s  ca l cu la t ed  t h a t  approximately 90 pc t  of the  methane i s  a t  
depths g r e a t e r  than 1,000 f e e t ,  and over h a l f  of the  gas i s  contained wi th in  
only 1 2  pc t  of the  study a r e a  which i s  under more than 1,500 f e e t  of over- 
burden. Degas i f ica t ion  i n  advance of mining w i l l  Tncrease mine s a f e t y ,  reduce 
v e n t i l a t i o n  expendi tures ,  increase  p roduc t iv i ty ,  provide an a d d i t i o n a l  energy 
source ,  and make i t  poss ib l e  t o  mine p a r t s  of deep coalbeds t h a t  probably 
could not otherwise be mined. 

INTRODUCTION 

The Mary Lee group contains the  g r e a t e s t  c o a l  reserves  i n  the Warrior 
b a s i n ,  Ala.  (L) .2 These coa ls  have been ex tens ive ly  mined i n  the shallower 
por t ion  of the  b a s i n  and a r e  now being mined under deeper overburden. Desorp- 
t i o n  of methane from coa l  cores  taken a t  var ious  depths wi th in  the bas in  (4)  
i nd ica t ed  t h a t  high concentrat ions of gas were t o  be expected i n  coa ls  of the 
Mary Lee group. The high gas emission r a t e s  a n t i c i p a t e d  f o r  mines t o  be oper- 
a t i n g  i n  the deeper p a r t s  of the Warrior bas in  prompted t h i s  s tudy t o  es t imate  
the  methane gas content  of the  Mary Lee group, d e l i n e a t e  a reas  of high gas 
concent ra t ion ,  and encourage d e g a s i f i c a t i o n  i n  advance of mining. 

The a rea  se i ec t ed  f o r  i n v e s t i g a t i o n  i s  t h a t  p a r t  of the  Warrior bas in  
loca ted  i n  J e f f e r s o n ,  e a s t e r n  Tuscaloosa , and southern  Walker Counties of 
no r th -cen t r a l  Alabama ( f i g .  1 ) .  This a rea  conta ins  a l l  abandoned and oper- 
a t i n g  mines i n  the  Mary Lee group, a s  wel l  a s  those proposed f o r  the  near  
f u t u r e .  

' ~ e o l o g i s t .  
2 Undzrlined numbers i n  parentheses r e f e r  t o  the l i s t  of re ferences  a t  the end 

of t h i s  r e p o r t .  
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GEOLOGY 

Nomenclature 

The Mary Lee group i s  comprised of f i v e  c o a l s  which, i n  ascending o r d e r ,  
a r e  t h e  Ream, Jagge r ,  Blue Creek,  Mary Lee, and New C a s t l e .  The most p e r s i s t -  
en t .  and economically important  member of t h i s  group i s  t he  Mary Lee c o a l .  It 
i s  composed of two predominant benches which s p l i t  and coa lesce  i n  the  nor th-  
e r n  p a r t  of t h e  Warrior  b a s i n  and a r e  o f t e n  mined a s  one bench. As the  Mary 
Lee d i p s  southwest i n t o  the b a s i n ,  the  bottom bench th i ckens ,  the  in te rva l .  
between the  two main benches i n c r e a s e s ,  and the  bottom bench becomes t h e  min- 
ab l e  bed. The d i s t a n c e  between these  two main benches ranges from l e s s  than  
1 f o o t  i n  t he  shal low p a r t s  of the  b a s i n  t o  more than  9 f e e t  i n  t he  deeper 
po r t ion  of t he  b a s i n  where, i n  p l a c e s ,  t he  bottom bench has been named the  
Blue Creek coa l .  



St ruc tu re  and Overburden 

The Warrior b a s i n  d ips  t o  the southwest,  and i t s  major s t r u c t u r e s ,  t he  
Warrior and Caalburg syncl ines  and Sequatchie a n t i c l i n e ,  trend northeast  t o  
southwest ( f i g .  2) .  The major f a u l t  t rends  a r e  near ly  perpendicular t o  the 
s t r u c t u r a l  axes and a r e  genera l ly  or iented  northwest t o  southeas t .  Thrust 
f a u l t s  a r e  present  along and p a r a l l e l  t o  the  southeas tern  f l ank  of the bas in .  

The overburden th ickness  t rend follows the  r eg iona l  southwestern s t r u c -  
t u r a l  d i p  and ranges from 0 f e e t  a t  outcrop t o  g r e a t e r  than 2,300 f e e t  a t  the 
southern l i m i t  of the  s tudy a rea  ( f i g .  3 ) .  The most rapid  t r a n s i t i o n  i n  over- 
burden th ickness ,  from 0 t o  1,500 f e e t  i n  approximately 1/2 mi le ,  occurs i n  
an  e a s t  t o  west d i r e c t i o n  across  the  southeas tern  f l ank  of the Warrior bas in .  
The d i s t r i b u t i o n  of the var ious  overburden i n t e r v a l s  i s  given i n  t a b l e  1. 

TABLE 1. - Overburden d i s t r i b u t i o n  

Coal Thickness 

Two isopachs of the o r i g i n a l  coalbed were cons t ruc ted  f o r  use i n  calcu- 
l a t i n g  methane gas volumes. The pub l i ca t ion  of these isopachs has been with- 
held owing t o  the  c o n f i d e n t i a l i t y  of the da ta .  The Mary Lee c o a l  isopach 

Area, pc t  

34 
33 
21 

9 
3 

100 

Overburden 
th i ckness ,  f t  
.......................... 0- 500 

500-1,000 .......................... 
1,000-1,500 .......................... 
1,500-2,000 .......................... 
2,000-2,500 .......................... 

Tota l . . .  ...*.................... 

included the two predominant benches of coa l  t h a t  a r e  of g r e a t e s t  i n t e r e s t  t o  
the mining i n d u s t r y ,  commonly known a s  the  Mary Lee i n  the nor th  and the Mary 
Lee and/or Blue Creek i n  the  south.  The t o t a l  c o a l  isopach included the coa l  
of the  f i r s t  isopach and the New C a s t l e ,  plus the  Blue Creek coalbed where 
da ta  i s  complete. The t o t a l  coa l  isopach represented a conservat ive es t imate  
of coa l  present  i n  the Mary Lee group because most core holes  were not  d r i l l e d  

Area, mi2  

282 
277 
174 
79 
27 

839 

deep enough t o  i n t e r c e p t  the lower members of the  group. 



WALKER COUNTY 

FlGUR E 2. - Structure map. 



FIGURE 3. - Overburden map. 



METHANE GAS 
C ONTE NT 

Method of 
C a l c u l a t i o n  

Coal samples were 
ob ta ined  from seven core  
ho l e s  ranging i n  depth from 
600 t o  2,200 f e e t .  The 
methane con t en t  of a u n i t  
weight of c o a l  was d e t e r -  
mined f o r  t he  12 samples by 
t he  d i r e c t  method (3-4). - - 
A graph f o r  e s t i m a t i o n  o.f 
gas con t en t  was cons t ruc t ed  
( f i g .  4)  by p l o t t i n g  t h e  
measured gas con t en t  ve r sus  - 

OVERBURDEN, f t  depth  f o r  each sample and 
f i t t i n g  a l i n e  t o  t h e  p o i n t s  
u s ing  l e a s t  squares  s t a t i s -  

FIGURE 4. - Depth o f  coalbed versus gas content. t i c a l  a n a l y s i s .  The over- 
burden i sopach  was over l a i d  

on t h e  c o a l  i sopachs  t o  determine t h e  amount of c o a l  con ta ined  under each over- 
burden i n t e r v a l .  The methane con t en t  f o r  each overburden i n t e r v a l  was obtained 
by m u l t i p l y i n g  t h e  volume of c o a l  under a n  i n t e r v a l  by t he  e s t ima ted  methane 
c o n t e n t  of  t he  median depth of  each i n t e r v a l .  

R e s u l t s  

The methane gas  con t en t  of t h e  Mary Lee group,  w i t h i n  t he  s t udy  a r e a ,  i s  
e s t i m a t e d  t o  be approximately 1 t r i l l i o n  cub i c  f e e t .  Approximately 700 
b i l l i o n  cub i c  f e e t  of methane i s  conta ined  w i t h i n  t he  Mary Lee coalbed a lone .  
Table  2 l i s t s  t h e  gas  p o t e n t i a l s  of t he  Mary Lee and t h e  Mary Lee group f o r  
each  overburden i n t e r v a  1. 

TABLE 2.  - Methane p o t e n t i a l s  



DISCUSS I O N  

It i s  est imated t h a t  near ly  70 pc t  of the  1 t r i l l i o n  cubic f e e t  of meth- 
ane present  i n  the  Mary Lee group i s  contained wi th in  t h a t  po r t ion  l i k e l y  t o  
be encountered by mining opera t ions .  Based on the  amount of coa l  known t o  
have been previously removed, pr imar i ly  from shallow ( l e s s  than 500 f e e t )  
dep ths ,  and the  expected l o w  gas content  of t h a t  c o a l ,  98 pc t  of the calcu-  
l a t e d  methane content  probably remains. The ca l cu la t ed  methane content  i s  
probably conserva t ive  because only the gas i n  the c o a l  has 'been ca l cu la t ed  
and no assessment of t h a t  which may be contained i n  the roof and f l o o r  rocks 
has been included.  

Mining opera t ions  a r e  gradual ly  progressing t o  g r e a t e r  depths i n  the Mary 
Lee group, wi th  mines now opera t ing  i n  excess of 1,000 f e e t .  The da ta  derived 
from coa l  samples obtained from var ious  depths ,  a s  p l o t t e d  on the graph 
( f i g .  4 ) ,  i n d i c a t e  an  inc rease  i n  gas content  w i th  inc reas ing  depth. Table 3 
i n d i c a t e s  approximately 90 pc t  of the  t o t a l  methane content  e x i s t s  a t  depths 
g r e a t e r  than  1,000 f e e t .  The Mary Lee group i s  a t  depths of g r e a t e r  than  
1,500 i n  l e s s  than  12 p c t  of the  study a r e a ,  y e t  more than ha l f  of the meth- 
ane i s  est imated t o  be wi th in  t h a t  por t ion .  

TABLE 3 .  - Methane d i s t r i b u t i o n  

The present  s tudy does no t  include the  t o t a l  e x t e n t  of the Mary Lee group 
i n  the  deeper p a r t  of the  Warrior b a s i n ,  owing t o  the  lack  of da ta .  However, 
i t  should be noted t h a t  the  methane p o t e n t i a l  of the Mary Lee group i n  the 
deeper p a r t  of the  Warrior b a s i n  i s  enormous. Every a d d i t i o n a l  square mile  of 
c o a l  6 f e e t  t h i c k ,  a t  a  depth of 2,000 f e e t ,  would con t r ibu te  another  3.3 b i l -  
l i o n  cubic f e e t  of gas t o  the  l - t r i l l i o n - c u b i c - f o o t  t o t a l .  

Experimental methods t o  remove methane i n  advance of mining have been 
conducted i n  the  Mary Lee coalbed. Production from d e g a s i f i c a t i o n  boreholes 
a t  a  depth of approximately 1,000 f e e t  i n  J e f f e r s o n  County, A la . ,  sus ta ined  a  
flow r a t e  of 70,000 f t 3  /day a f t e r  hydraul ic  s t i m u l a t i o n  (2). The gas produc- 
t i o n  averaged 93 pc t  methane, wi th  H2 and CO, making up the  g r e a t e s t  p a r t  of 
the remaining 7 p c t .  The B r i t i s h  thermal u n i t  value of the  gas ranged from 
970 t o  990. 

C ONCLUS LON AND RECOMMENDATIONS 

The Mary Lee c o a l  group of t he  Warrior b a s i n ,  Ala . ,  contains s u b s t a n t i a l  
q u a n t i t i e s  of methane, est imated t o  be i n  excess of 1 t r i l l i o n  cubic f e e t .  
Most of  t h i s  methane w i l l  be encountered i n  mining ope ra t ions ,  with the  



g r e a t e s t  concent ra t ion  being i n  the deeper por t ions  of the bas in .  Bureau of 
Mines research  (2) has shown t h a t  d e g a s i f i c a t i o n  i n  advance of mining i s  
f e a s i b l e  i n  the  Mary Lee coalbed and can produce commercial q u a n t i t i e s  of 
p ipe l ine -qua l i ty  methane. It i s  recommended t h a t  d e g a s i f i c a t i o n  i n  advance 
of mining be considered a s  p a r t  of a  complete mine development p lan  f o r  a reas  
having g r e a t e r  than 1,000 f e e t  of overburden. 
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