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DEGASlFlCATlON O F  T H E  MARY L E E  COALBED, BROOKWOOD, A L A .  

By John H a  Perry, Leonard Ja Prosser, Jra, and Joseph Cervik 

ABSTRACT 

The Bureau of Mines has  developed s e v e r a l  t echn iques  f o r  d r a i n i n g  
methane from coa lbeds  i n  advance of mining. D r i l l i n g  long  h o r i z o n t a l  
h o l e s  from an  underground l o c a t i o n  i s  one such t echn ique ,  which was 
s u c c e s s f u l l y  demonstra ted i n  t h e  P i t t s b u r g h  and Sunnyside Coalbeds. 

The same techn ique  has  now been a p p l i e d  i n  t h e  Mary Lee Coalbed a t  
J i m  Wal ter  Resources ,  Inc.  's No. 4  Mine, Brookwood, Ala. , where two 
h o l e s  were d r i l l e d  hor izonta l ly--one t o  a  dep th  of 1,010 f e e t  (308 m) 
and t h e  o t h e r  t o  540 f e e t  (165 m). The 1,010-foot ( 3 0 8 3 )  h o l e  proved 
s u c c e s s f u l  i n  d e g a s i f y i n g  a  p o r t i o n  of t h e  Mary Lee Coalbed. The h o l e  
d r a i n e d  methane f o r  1  y e a r ,  d u r i n g  which time t h e  i n i t i a l  gas  f low of 
200,000 f t 3 / d  (5 ,663 m3/d) d e c l i n e d  t o  65,000 f t 3 / d  (1 ,840 m3/d). T o t a l  
g a s  p roduc t ion  was 40 x lo6 f t 3  (1.1 x lo6 m3 ). The gas  was of commer- 
c i a l  q u a l i t y ,  w i t h  98 p c t  methane and a  h e a t  r a t i n g  of 990 ~ t u / f t ~  
(36.89 ~ j / m ~ ) .  The methane emiss ions  from t h e  f a c e s  of t h e  mine s e c t i o n  
advancing i n t o  t h e  d e g a s i f i e d  zone were reduced by 60 pc t .  The 540-foot 
(165-m) h o l e  was t e rmina ted  prematurely  when i t  became imposs ib le  t o  
m a i n t a i n  an open ho le .  Because of cav ing ,  very  l i t t l e  g a s  was d r a i n e d  
through t h i s  hole .  

' n in ing  eng ineer .  
2 ~ e o l o g i s t .  
3 ~ u p e r v  i s o r y  g e o p h y s i c i s t .  

A l l  a u t h o r s  a r e  wi th  t h e  P i t t s b u r g h  Research Cente r ,  Bureau of Mines, P i t t s b u r g h ,  
Pa. 



INTRODUCTION 

The Bureau of Mines has  demonstrated 
t h a t  l a r g e  q u a n t i t i e s  of methane can be 
removed from underground coalbeds by 
means of long h o r i z o n t a l  ho l e s  d r i l l e d  
i n t o  t h e  coalbed. To d a t e ,  most of t h i s  
r e s e a r c h  has  been concent ra ted  i n  t h e  
Eas t e rn  United S t a t e s ,  wi th  some r e sea rch  

- 7)  .4 i n  t h e  S t a t e  of Vtah (1 ,  3 ,  1, - 
Three primary f a c t o r s  determine t h e  
amount of gas  t h a t  can be dra ined  from a 
coalbed.  The volume of methane i n  t h e  
c o a l ,  t he  i n  s i t u  p r e s su re ,  and t h e  per- 
m e a b i l i t y  of t h e  bed. Coalbeds t h a t  have 
r e l a t i v e l y  high pe rmeab i l i t y  and i n  s i t u  
p r e s s u r e  can be s u c c e s s f u l l y  d ra ined  of 
t h e i r  methane. The P i t t s b u r g h  Coalbed, 
which has  an i n  s i t u  p r e s su re  of 275 p s i g  
(1,896 k ~ a ) ,  is  a  prime example. Three 
demonstrat ion p r o j e c t s  i n  t h i s  coalbed 
have removed more t han  1.8 x  lo9 f t 3  
(51  x 1 0 6 m 3 )  of methane; about  
700 x lo6 f t 3  (19.8 x  lo6 m3) of t h i s  gas  
ha s  been s o l d  (3 ,  5 ) .  A s i n g l e  p r o j e c t  
i n  Utah removed-35x lo6 f t 3  (991,000 m3) 
of methane from t h e  Sunnyside Coalbed 
(l) 

There is a  c o r r e l a t i o n  between t h e  
volume of gas  per  ton  of c o a l  and t h e  
dep th  of t h e  coalbed. The g r e a t e r  t h e  
dep th ,  t h e  more methane t h e r e  w i l l  be i n  
a  t on  of c o a l  (2). The deepes t  c o a l  
mines i n  t h e  United S t a t e s  a r e  mining t h e  

Mary Lee Coalbed a t  a  depth of 2,000 f e e t  
(610 m) . The Mary Lee Coalbed is p a r t  
of t h e  Warrior Coal Basin,  which encom- 
passes  more than  800 m i 2  (2,072 km2) 
of J e f f e r s o n ,  Walker, and Tuscaloosa 
Count ies ,  Ala. ( f i g .  1 ) .  

The overburden of t h e  Warrior Basin 
v a r i e s  from zero  t o  2,500 f e e t  (762 m). 
I n  one a r e a  of t h e  ba s in ,  t h e  overburden 
changes 1,500 f e e t  (457 m) w i t h i n  
0.5 mi l e  (0.8 km) ( 2 ) .  The overburden a t  
J i m  Walter ~ e s o u r c e ~ '  No. 4  Mine is about 
2,000 f e e t  (610 m) ( 4 ) .  - 

The f a c e  c l e a t  of t h e  Warrior Basin 
coalbeds is gene ra l l y  o r i e n t e d  between 
N 53" E and N 68" Em I n  t h e  NO. 4  Mine, 
t h e  f a c e  c l e a t  i s  about N 60" E, and t h e  
coalbed i s  d iv ided  i n t o  two benches, 
s epa ra t ed  by an 18- t o  24-inch (46- t o  
61-cm) b inder .  

The methane conten t  of t h e  Mary Lee 
Group is  es t imated  t o  be almost 
1 x 1012 f t 3  (28 x lo9 m3). Of t h i s  
t o t a l ,  700 x lo6 f t 3  (20 x lo6 m3 ) is  
he ld  i n  t h e  Mary Lee Coalbed. Almost 
90 pc t  of t h i s  gas  is  he ld  i n  t h e  c o a l  
where t h e  overburden exceeds 1,000 f e e t  
(305 m). I n  s i t u  gas  p r e s su re s  a s  high 
a s  8 0 0 p s i g  (5,516 kPa) have been 
measured. 
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LONG-HOLE DRILLING AT NO. 4 MINE 

D r i l l  S i t e  Mary Lee Coalbed i s  d iv ided  i n t o  two 
benches. The upper bench is about 

Th i s  p r o j e c t  was designed t o  degas- 20 i nches  (51 cm) t h i c k  and t h e  lower 
i f y  a  po r t i on  of t h e  Mary Lee Coalbed bench is  about 5  f e e t  (1.5 m) t h i ck .  The 
from t h e  no r theas t  corner  of t h e  NO. 4 b inder  s e p a r a t i n g  t h e  two is about 2  f e e t  
Mine ( f i g .  2). A t  t h i s  l o c a t i o n ,  t h e  (0.6 m) t h i c k .  

Figure  2  shows t h e  l o c a t i o n  of t h e  
e n d e r l i n e d  numbers i n  p a r e n t h e s e s  two d e g a s i f i c a t i o n  ho l e s  d r i l l e d  i n t o  t h e  

r e f e r  t o  i t e m s  in t h e  l i s t  of r e f e r e n c e s  lower bench. The f i r s t  ho l e  was d r i l l e d  
a t  t h e  end of  t h i s  r e p o r t .  t o  a  dep th  of 1,010 f e e t  (308 m) i n  a  
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FIGURE 2. - D r i l l  s i te  at  No. 4 Mine. 



N 15O W d i r e c t i o n  and c r o s s e s  t h e  f a c e  jammed. Hole c o l l a p s e  occurs  predomi- 
c l e a t .  The second h o l e  was d r i l l e d  t o  a  
d e p t h  of 540 f e e t  (165 m) p a r a l l e l  t o  t h e  
f a c e  c l e a t  d i r e c t i o n .  

D r i l l  Opera t ions  

A h o r i z o n t a l  d r i l l  u n i t ,  powered by 
a n  e l e c t r i c a l l y  d r i v e n  h y d r a u l i c  pump, 
was used f o r  d r i l l i n g .  The power head 
was equipped w i t h  a  3-foot (915-m) f e e d  
l e n g t h .  I n i t i a l l y ,  t h e  s t a n d a r d  long- 
h o l e  d r i l l  s t r i n g  was used ( f i g .  3 ) .  It 
c o n s i s t e d  of a  3-112-inch (88.9-mm) d r a g  
b i t ,  two 3-7116-inch (87.3-mm) OD cen- 
t r a l i z e r s  s e p a r a t e d  by an  18-foot (5.5-m) 
NQ d r i l l  c o l l a r ,  and a  BQ d r i l l  rod 
2-3/16 i n c h e s  (55.6 mm) OD. The NQ d r i l l  
c o l l a r  was 2-314 i n c h e s  (69.9 mm) OD and 
1-718 i n c h e s  (47.6 mm) I D ,  and weighed 
about  200 pounds (90.6 kg) .  

T h i s  s t a n d a r d  d r i l l  s t r i n g  caused 
problems. A f t e r  d r i l l i n g  120 f e e t  
(37 m), t h e  d r i l l  t o o l s  became wedged 
i n  t h e  h o l e  because  of t h e  c o l l a p s i n g  
and /or  squeez ing  of t h e  h o l e .  Hole c o l -  
l a p s e  is  e v i d e n t  when d r i l l i n g  produces 
e x c e s s  c o a l  c u t t i n g s  and l a r g e  f ragments  
o f  c o a l .  These c o a l  f ragments  from t h e  
r e s u l t i n g  o v e r s i z e d  h o l e  wedge t h e  b i t ,  

n a n t l y  i n  s o f t e r  c o a l b e d s ,  such a s  t h e  
Mary Lee. Hole squeez ing  i s  a t t r i b u t a b l e  
t o  overburden p r e s s u r e .  I n  t h i s  c a s e ,  
t h e  h o l e  f l a t t e n s  because  of stresses, 
and t h e  d r i l l  s t r i n g  becomes jammed i n  
t h e  u n d e r s i z e d  ho le .  It i s  p o s s i b l e  f o r  
squeez ing  and c o l l a p s e  t o  occur  i n  
t h e  same ho le .  The Mary Lee i s  bo th  
s o f t  ( f r i a b l e )  and deep ly  d e p o s i t e d  
(2 ,000 f e e t  (610 m)).  

Because of t h i s  s i t u a t i o n ,  a l t e r n a -  
t i v e  d r i l l  s t r i n g s  were employed i n  t h e  
Mary Lee Coalbed. A s t r i n g  c o n s i s t i n g  of 
on ly  a 3-inch (76.2-mm) d r a g  b i t  and RQ 
rod was used ( f i g .  4 ) .  The s m a l l e r  diam- 
e ter  b i t  produces fewer  c u t t i n g s .  
Removal of t h e  d r i l l  c o l l a r  and c e n t r a l -  
i z e r  a l l o w s  more a r e a  around t h e  d r i l l  
rod f o r  t h e  c u t t i n g s  t o  be f l u s h e d .  
Also,  a s  t h e  h o l e  i n c r e a s e s  i n  dep th ,  i t  
i s  f u r t h e r  outby t h e  mine opening,  which 
d e c r e a s e s  t h e  r i s k  of h o l e  squeezing.  

C o n t r o l  During D r i l l i n g  

With t h e  s t a n d a r d  d r i l l  s t r i n g  
( f i g .  3 ) ,  t h e  p a t h  of t h e  b i t  i n  t h e  ver-  
t i c a l  p l a n e  i s  c o n t r o l l e d  i n  t h r e e  ways: 
By t h e  t h r u s t  a p p l i e d  t o  t h e  b i t ,  by t h e  

d r i l l  c o l l a r ,  and c e n t r a l i z e r s  i n  p l a c e .  r o t a t i o n a l  speed of t h e  b i t  ( r e v o l u t i o n s  
Normally, wa te r  i s  used t o  f l u s h  t h e  c o a l  p e r  minu te ) ,  and by c e n t r a l i z e r s  on t h e  
c u t t i n g s  from t h e  h o l e ,  bu t  when c o l l a p s e  heavy NQ d r i l l  c o l l a r .  The d r i l l  c o l l a r  
o c c u r s ,  t h e  l a r g e  c o a l  f ragments  and c u t -  s t i f f e n s  t h e  d r i l l i n g  assembly and 
t i n g s  wedged around t h e  d r i l l  s t r i n g  pre- adds  weight t o  t h e  bottom s i d e  of t h e  
ven t  f l u s h i n g ,  and t h e  t o o l s  become d r a g  b i t .  A d r i l l i n g  assembly w i t h  a  

10- in centralizer, 
3q6- in  OD 

10- in centralizer, 
7/16-in OD 

{BQ drill casing 
\18-ft NQ drill collar / / 

&-in bit 

FIGURE 3. - Standard long-hole d r i l l  string. 

BQ rod 

FIGURE 4. - Modified d r i l l  string with 3-inch bit. 



3-518-inch (92.1-m) b i t  t ends  t o  wear TABLE 1. - D r i l l i n g  paramete rs  
t h e  bottom s i d e  of t h e  h o l e  and a r c  down- f o r  s t a n d a r d  d r i l l  
ward more r e a d i l y  t h a n  one w i t h  a  
3-112-inch (88.9-m) b i t ,  and t h r u s t  

s t r i n g  

l e v e l s  must be h i g h e r  t o  compensate f o r  
t h i s  tendency. Because t h e  d r i l l i n g  of 
t h e  Mary Lee r e q u i r e d  removing t h e  d r i l l  
c o l l a r  and c e n t r a l i z e r s  and u s i n g  a  
3-inch (76.2-m) b i t ,  t h e  normal c o n t r o l  
t e c h n i q u e s  were n o t  a p p l i c a b l e .  

TABLE 2. - D r i l l i n g  paramete rs  

T h r u s t  

400-600 Holding. 

Hole 1 was d r i l l e d  i n  t h e  r e t u r n  t o  
a  d e p t h  of 1,010 f e e t  (308 m) ( f i g .  2 ) .  
The f i n a l  890 f e e t  (271 m) were d r i l l e d  
u s i n g  on ly  a  3-inch (76.2-m) b i t  and BQ 
rod. C o n t r o l l i n g  t h e  b i t  i n  a  v e r t i c a l  
p l a n e  was a t t empted  by a d j u s t i n g  b i t  
t h r u s t  and r o t a t i o n a l  speed,  bu t  w i t h o u t  
t h e  d r i l l  c o l l a r  and s t a b i l i z e r s ,  c o n t r o l  
was n o t  ob ta ined .  However, because of 
t h e  s o f t n e s s  of t h e  c o a l  and t h e  ha rdness  
o f  t h e  f l o o r  r o c k ,  t h e  h o l e  t r a j e c t o r y  
n a t u r a l l y  fol lowed t h e  bottom of t h e  
coalbed f o r  i t s  e n t i r e  l e n g t h  ( f i g .  5 ) .  

Tab le  1  shows c o n t r o l  pa ramete rs  f o r  
a  s t a n d a r d  d r i l l  s t r i n g .  These can  be 
compared w i t h  t h e  d r i l l i n g  paramete rs  i n  
t a b l e  2  f o r  t h e  modif ied d r i l l  s t r i n g  
c o n s i s t i n g  o f  a  3-inch (76.2-m) b i t  and 
BQ rod. I n c r e a s i n g  t h r u s t  and lower ing  
r o t a t i o n a l  speed normal ly  t ends  t o  b r i n g  
t h e  s t a n d a r d  d r i l l  s t r i n g  upward 
( t a b l e  1 ) ;  no response  was exper ienced  
w i t h  t h e  modif ied d r i l l  s t r i n g  ( t a b l e  2 ) ,  
r e g a r d l e s s  of t h r u s t  and r o t a t i o n a l  
speeds .  

f o r  modif ied d r i l l  
s t r i n g  

Because t h e  modif ied d r i l l  s t r i n g  
w i t h  t h e  3-inch (76.2-m) b i t  could  n o t  
be c o n t r o l l e d ,  t h e  b i t  d iamete r  was re-  
duced t o  2-518 i n c h e s  (66.7 mm) i n  a n  
a t t e m p t  t o  p reven t  t h e  b i t  from undercut-  
t i n g  t h e  h o l e  and a r c i n g  downward. 
Hole 2  was d r i l l e d  w i t h  t h e  2-518-inch 
(66.7-m) b i t ,  bu t  t h e  h o l e  t r a j e c t o r y  
s t i l l  cou ld  n o t  be c o n t r o l l e d .  The b i t  
a r c e d  toward t h e  f l o o r  and fol lowed t h e  
bottom of t h e  coalbed.  D r i l l i n g  was 
s topped  a t  330 f e e t  (101 m), and a  
2-112-inch (63.5-m) d i a m e t e r  c e n t r a l i z e r  
was added d i r e c t l y  behind t h e  b i t  

LEGEND 
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FIGURE 5. - Plot of hole 1. 
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z5/8-in bit, 

FIGURE 6. - Upwardly cocked d r i l l  assembly. 

( f i g .  6 ) .  The c e n t r a l i z e r  cocked t h e  TABLE 3. - D r i l l  l o g  of --- h o l e  2  
d r i l l i n g  assembly ( b i t ,  c e n t r a l i z e r ,  and 
BQ rod)  abou t  0'54' upward. Table  3  
shows t h e  r e s u l t s  of b i t  t h r u s t  and r o t a -  
t i o n a l  speed on h o l e  t r a j e c t o r y  d u r i n g  
d r i l l i n g  from 330 t o  480 f e e t  (101 t o  
146 m). Some c o n t r o l  o v e r  b i t  t r a j e c t o r y  
was e x e r c i s e d .  However, t h e  d a t a  a r e  
i n c o n c l u s i v e  because t h e  test  t e rmina ted  
when t h e  h o l e  c o l l a p s e d  o r  squeezed a t  
540 f e e t  (165 m). 

SURVEYING 

A Sper ry  sun5 s i n g l e - s h o t  su rvey  i n -  
s t r u m e n t  was used t o  su rvey  d u r i n g  d r i l l -  
i n g .  I n  most d r i l l i n g  o p e r a t i o n s ,  t h e  
i n c l i n a t i o n  of t h e  b i t  and l e n g t h  of t h e  
h o l e  a r e  used t o  compute t h e  l o c a t i o n  of 
t h e  h o l e  w i t h i n  t h e  coa lbed .  From t h i s  
i n f o r m a t i o n ,  t h e  d r i l l i n g  pa ramete r s  a r e  
de te rmined  t o  b e t t e r  keep t h e  h o l e  w i t h i n  
t h e  coalbed.  However, s i n c e  t h e  hor izon-  
t a l  h o l e  t r a j e c t o r y  n a t u r a l l y  fo l lowed 
t h e  Mary Lee Coalbed,  t h e  su rvey  informa- 
t i o n  was used i n  t h i s  c a s e  t o  de te rmine  
t h e  c o n t o u r  of t h e  coalbed.  

B i t  
r o t a -  
t i o n ,  

rpm 
62 
75 
7 5  

100 
100 

The Sper ry  Sun has  a  magnet ic  com- 
p a s s  t o  de te rmine  t h e  az imuth of t h e  
h o l e .  Th i s  i s  used t o  p l o t  t h e  l o c a t i o n  
of  t h e  h o l e  w i t h  r e s p e c t  t o  t h e  mine 
p r o j e c t i o n s .  I t  i s  impor tan t  t o  know 
t h e  l o c a t i o n  of t h e  h o l e ,  s o  t h a t  i t  
w i l l  n o t  be i n a d v e r t e n t l y  mined through.  

Depth 

The u n c o n t r o l l e d  gas  f low from such  a  
s i t u a t i o n  could  p r e s e n t  a  haza rd  t o  
mining.  

V e r t i c a l  
i n c l i n a -  
t i o n ,  deg. 

89.8 
91.5 
NAP 
NAP 
89.5 

f t  

380 
430 
440 
450 
480 

U s u a l l y ,  a  1,000-foot (305-m) h o l e  
can be p l o t t e d  w i t h  a n  accuracy  of 
2 5  f e e t  (1.5 m). However, t h i s  was n o t  
t h e  c a s e  he re .  Mine s e c t i o n  3  was abou t  
20 f e e t  c l o s e r  t o  h o l e  1  t h a n  a n t i c i -  

m 

116 
131 
134 
137 
146 

p a t e d ,  and t h e  h o l e  was mined i n t o  j u s t  
a s  g r o u t i n g  had s t a r t e d .  There a r e  two 
p l a u s i b l e  e x p l a n a t i o n s  f o r  t h i s .  E i t h e r  
t h e  magne t i c  c o r r e c t i o n  was n o t  3' a t  t h e  
underground d r i l l  s i t e ,  o r  t h e  s u r v e y  i n -  
s t r u m e n t  was o f f  by 3 " .  However, t h e r e  
i s  no ev idence  t o  s u p p o r t  t h e s e  assump- 

T h r u s t  

t i o n s .  The e r r o r  was no t  r ecogn ized  
u n t i l  e v e r y  p o i n t  of t h e  s e c t i o n  i n t e r -  
c e p t e d  by t h e  h o l e  was surveyed.  Fig- 
u r e  7  shows t h e  h o l e  a s  p r o j e c t e d  by t h e  
Sper ry  Sun and i t s  a c t u a l  l o c a t i o n .  

l b  

2,975 
3,400 
3,400 
2,550 
2,550 

GAS FLOW AND PRESSURE MEASUREMENTS FOR HOLE 1  

N 

13,233 
15,124 
15,124 
11,343 
11,343 

Hole 1  was s h u t  i n  s o  t h a t  an  i n  d r i l l e d  100 f e e t  (30.5 m) t o  t h e  west .  
s i t u  p r e s s u r e  moni to r ing  h o l e  could  be Th i s  h o l e  was d r i l l e d  t o  a  h o r i z o n t a l  

were a l lowed t o  r e a c h  e q u i l i b r i u m  pres -  
5 ~ e f e r e n c e  t o  spec i f i c  equipment does d e p t h  of 100 f e e t  (30.5 m) and g r o u t e d ,  

not imply endorsement by the  Bureau of s o  t h a t  t h e  i n  s i t u  p r e s s u r e  a t  t h a t  
Mines. d e p t h  cou ld  be moni tored.  Both h o l e s  



SECT I0 

LEGEND 
667 Mine spad number 
4 Entry number 
x Locations of hole 

intercept 

Projected hole 

OLD WORK1 NGS 
0 100 

Scale, f t  
FIGURE 7. - Plain view-hole 1. 



were a l lowed  t o  r e a c h  e q u i l i b r i u m  p r e s -  
s u r e .  The l o n g  h o l e  r e a c h e d  a  s t e a d y  
p r e s s u r e  of a b o u t  70 p s i g  (483 kPa) and 
t h e  i n  s i t u  p r e s s u r e  h o l e  l e v e l e d  o f f  a t  
22.5 p s i g  (155 kPa) .  

When t h e  l o n g  h o l e  was reopened,  i t s  
f l o w - r a t e  and t h e  i n  s i t u  p r e s s u r e  began 
d e c l i n i n g  r a p i d l y .  I n  1 8  d a y s ,  t h e  g a s  
f l o w  dropped from a n  i n i t i a l  v a l u e  of 
200,000 t o  155,000 f t 3 / d  ( 5 , 6 6 3  t o  
4 ,389 m3/d) ,  and t h e  i n  s i t u  p r e s s u r e  
dropped from 22.5 t o  9  p s i g  (155  t o  
66  kPa) .  Both t h e  p r e s s u r e  and f low con- 
t i n u e d  t o  d e c l i n e  s l o w l y  f o r  t h e  n e x t  

6  months. The i n  s i t u  p r e s s u r e  d e c l i n e d  
t o  1.7 p s i g  (12  kPa) .  The g a s  f low was 
62 ,000 f t 3 / d  (1 ,752  m3/d) when s e c t i o n  3  
was 500 f e e t  (152 m) from t h e  h o l e .  The 
f low r e a d i n g  t a k e n  t h e  day b e f o r e  t h e  
h o l e  was mined th rough  and t h e n  g r o u t e d  
was 68,000 f t 3 / d  (1 ,926  m3/d).  F i g u r e  8  
shows t h e  f low and p r e s s u r e  d a t a  f o r  
h o l e  1. T o t a l  g a s  f low from t h e  h o l e  f o r  
a  y e a r  was 40 x lo6 f t 3  (1 .1  x lo6 m3). 
The p e r c e n t a g e  of methane i n  t h e  g a s  was 
between 98 and 99 p c t .  The g a s  was ana- 
l y z e d  t o  have  a  h e a t  r a t i n g  of  
990 ~ t u / f t ~  (3 ,689  ~ j / r n ~ )  . 

REDUCTION OF FACE EMISSIONS 

V e n t i l a t i o n  s u r v e y s  were made of 
s e c t i o n  3  a f t e r  i t  t u r n e d  e a s t  and 
s t a r t e d  t o  mine toward t h e  1 ,010-foot  
(308-m) d e g a s i f i c a t i o n  h o l e ,  t o  d e t e r m i n e  
t h e  b e n e f i t  of  d e g a s i f i c a t i o n  t o  mining.  
A l l  methane and a i r  r e a d i n g s  were made 
a p p r o x i m a t e l y  150 f e e t  (46  m) back of 
e a c h  r e t u r n  from t h e  l a s t  open c r o s s c u t .  
Wherever p o s s i b l e ,  c o n t i n u o u s - r e c o r d i n g  
methanometers  were set a t  each  l o c a t i o n .  
Methane s u r v e y s  were t a k e n  each  month 
f rom June  1979 t o  J a n u a r y  1980, w i t h  t h e  

e x c e p t i o n  of December 1979. Each monthly 
s u r v e y  l a s t e d  a b o u t  4  days .  

The r e c o r d i n g  methanometers  were 
used  t o  measure t h e  methane peak concen- 
t r a t i o n s  t h a t  o c c u r r e d  b r i e f l y  a s  t h e  
mining machine sumped i n t o  t h e  c o a l  f a c e .  
The re  was a marked i n c r e a s e  i n  t h e s e  
peaks  a f t e r  t h e  s e c t i o n  had advanced 
th rough  t h e  d e g a s i f i c a t i o n  zone. F ig-  
u r e  9  shows t y p i c a l  methane c o n c e n t r a t i o n  
r e c o r d i n g s  t a k e n  d u r i n g  t h e  August 1979 

1979 

FIGURE 8. - Flow and pressure data for hole 1. 
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FIGURE 9. - Methane recordings, August 1979, in the degasified zone. 
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FIGURE 10. - Methane recordings, January 1980, beyond the degasified zone. 

survey.  Sec t ion  3  had advanced t o  w i th in  
500 f e e t  (152 m) of t h e  degas i f i c a -  
t i o n  ho l e  and was i n  t h e  degas i f i ed  zone. 
The b a s e l i n e  read ings  f o r  t h e  l e f t  and 
r i g h t  r e t u r n s  were 0.38 and 0.22 p c t ,  
r e s p e c t i v e l y .  The methane peaks ( A % )  
were only 0.07 and 0.16 pc t  above t h e  
ba se l i ne s .  This  compares favorab ly  with  
t h e  record ings  taken  dur ing  t h e  January 
1980 survey when t h e  s e c t i o n  had advanced 
7 0 0 f e e t  ( 213m)  beyond t h e  ho l e  
( f i g .  10).  The methane peaks recorded i n  
t h e  l e f t  r e t u r n  i nc r ea sed  0.32 p c t ,  from 
a  b a s e l i n e  of 0.58 t o  0.9 pc t .  To de t e r -  
mine t h e  o v e r a l l  methane r educ t i on  due t o  

d e g a s i f i c a t i o n ,  handheld methanometer, 
a i r ,  and b a s e l i n e  methane record ings  were 
c a l c u l a t e d  and averaged f o r  each monthly 
survey and compared. B o t t l e  samples were 
a l s o  taken  t o  check t h e  methanometer. 

When t h e  s e c t i o n  was 840 f e e t  
(256 m) from t h e  ho l e ,  t h e r e  was a  
172-f t3 /min (4.9-m3 /min) flow from t h e  
f a c e s  ( f i g .  11).  A t  a  d i s t a n c e  of 
40 f e e t  (12 m), t h e  flow was 67 f t 3 /min  
(1.9 m3/min), a  r educ t i on  of 60 pc t .  
When t h e  s e c t i o n  passed 700 f e e t  (213 m) 
beyond t h e  ho l e ,  t h e  methane coming from 
t h e  f a c e s  was 230 f t 3  /min (6.5 m3 /min). 
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FIGURE 11. - Methane history of degasified section. 
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FIGURE 12. - Methane recordings, October 1979. 
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D e g a s i f i c a t i o n  cou ld  t h e n  be c o n s i d e r e d  mined i n t o ,  t h e  methane i n  t h e  r e t u r n  a i r  
t o  have reduced f a c e  e m i s s i o n s  by 71 p c t .  i n c r e a s e d  by o n l y  a  few hundred ths  of a 

p e r c e n t ,  from 0.20 p c t  t o  about  0.39 p c t  
As a l r e a d y  mentioned,  t h e  h o l e  w a s  ( f i g .  12) .  T h i s  w a s  much l e s s  t h a n  t h e  

i n t e r c e p t e d  b e f o r e  i t  cou ld  be g rou ted .  0.32-pct i n c r e a s e  when t h e  mine sumped 
There  w a s  concern  t h a t  t h i s  would g a s  i n t o  n o n d e g a s i f i e d  v i r g i n  c o a l  ( f i g .  10) .  
o f f  t h e  s e c t i o n ,  bu t  when t h e  h o l e  w a s  

GROUTING 

When t h e  h o l e  was i n t e r c e p t e d  as 
g r o u t i n g  began, a l l  t h e  g r o u t i n g  equip-  
ment had t o  be moved t o  t h e  p o i n t  where 
i n t e r c e p t i o n  occur red .  The p o i n t  of 
i n t e r c e p t i o n  was at  a  h o l e  d e p t h  of about  
300 f e e t  (91 m), a t  e n t r y  3 of s e c t i o n  3  
( f i g .  7 ) .  

Grou t ing  of  t h e  remaining 600 f e e t  
(183 m) of h o l e  r e q u i r e d  30 s a c k s  of 
c l a s s  A p o r t l a n d  cement. Each 96-pound 

(43.5-kg) sack  of cement w a s  mixed w i t h  
5  g a l  (19 l i t e r s )  of  water and about  
2  pounds (0.9 kg) of f l u i d i f i e r .  The 
g r o u t  mix w a s  pumped t o  t h e  back of t h e  
h o l e  th rough  t h e  remaining 600 f e e t  
(183 m) of p l a s t i c  p i p e ,  and r e t u r n e d  
through t h e  annu lus  between t h e  p i p e  and 
c o a l .  An a i r - d r i v e n  moyno pump was used. 

Th i s  g r o u t  m i x t u r e  proved t o  be v e r y  
s u c c e s s f u l .  Grou t ing  was s t a r t e d  by 

FIGURE 13. - Grouted hole. 



thorough ly  mixing f o u r  s t a c k s  of cement,  
w a t e r ,  and f l u i d i f i e r  i n  a 55-gal 
( 2 , 0 8  l i t e r )  drum. The g r o u t  was dipped 
f rom t h e  drum w i t h  a bucket  and poured 
i n t o  t h e  hopper of t h e  moyno g r o u t  pump. 
As t h e  mix i n  t h e  drum decreased  by t h e  
e q u i v a l e n t  of one s a c k  of cement, t h e  
cor respond ing  amounts of cement, wa te r ,  
and f l u i d i f i e r  were added. By con t inu-  
a l l y  r e p e a t i n g  t h i s  p rocedure ,  t h e  g r o u t  
pump cou ld  be run c o n t i n u o u s l y  , which 

reduced t h e  p r o b a b i l i t y  of t h e  g r o u t  s e t -  
t i n g .  Mixing was con t inuous  d u r i n g  t h e  
g r o u t i n g ,  which took  1.5 hours  t o  com- 
p l e t e .  Once g r o u t i n g  was completed,  o n l y  
a s l i g h t  amount of methane was p e r c e p t i -  
b l e  coming from t h e  h o l e .  

A check of t h e  g r o u t e d  p o r t i o n s  of 
t h e  h o l e  t h a t  were l a t e r  mined th rough  
showed t h e  annu lus  between t h e  p i p e  and 
c o a l  t o  be comple te ly  f i l l e d  ( f i g .  13).  

CONCLUSIONS 

The Mary Lee Coalbed can  be success -  
f u l l y  d e g a s i f i e d  u s i n g  l o n g  h o r i z o n t a l  
h o l e s .  The 1,010-foot (308-m) h o l e  
removed 40 x lo6 f t 3  (1 .1  x lo6 m3) of 
methane from t h e  coa lbed  i n  1 yea r .  The 
methane f a c e  e m i s s i o n s  of t h e  mine sec -  
t i o n  be ing  d r i v e n  th rough  t h e  d e g a s i f i e d  
zone were reduced by 60 p c t .  

of  t h e  s o f t n e s s  of t h e  c o a l  and t h e  hard-  
n e s s  of t h e  f l o o r  r o c k ,  t h e  b i t  bounces 
o f f  t h e  rock ,  s t a y i n g  i n  t h e  h o l e  a s  i t  
is  d r i l l e d .  Only a 3-inch (76.2-mm) 
d i a m e t e r  d r a g  b i t  and BQ rod shou ld  be 
used,  because  e x p e r i e n c e  h a s  shown t h a t  
when c e n t r a l i z e r s  are used ,  t h e y  become 
wedged i n  t h e  h o l e .  

Long h o r i z o n t a l  h o l e s  can  be d r i l l e d  
q u i c k l y  i n  t h e  Mary Lee Coalbed. Because 
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