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THREE COAL MINE GOB DEGASlFlCATlON STUDIES USING SURFACE 
BOREHOLES AND A BLEEDER SYSTEM 

by 

S. D. Maksirnovic ' and Fred N. K i s s e l l  

I ABS TRACT 

The u s e  of v e r t i c a l  s u r f a c e  d e g a s i f i c a t i o n  boreho les  w i t h  b l e e d e r  systems 
hnd t h e  u s e  of  a t imbered b l e e d e r  sys tem t o  d e g a s i f y  gob a r e a s  were s t u d i e d  by 
( t h e  Bureau o f  Mines. Th is  r e p o r t  d e s c r i b e s  t h r e e  gob d e g a s i f i c a t i o n  s t u d i e s  
,conducted i n  t h e  P i t t s b u r g h  coa lbed .  

One s t u d y  was conducted t o  determine t h e  number of p a n e l s  d e g a s i f i e d  
w i t h  one l a r g e  boreho le  . The s t u d y  showed t h a t  t h e  boreho le  provided d e g a s i -  
( f  i c a  t i o n  f o r  t h r e e  p a n e l s  . 

Another s t u d y  was conducted d u r i n g  t h e  retreat of a 35-acre  p a n e l  w i t h  a 
s i n g l e - e n t r y  and a two-entry  b l e e d e r  sys tem and a l a r g e  s u r f a c e  boreho le .  A 
major  p o r t i o n  of  methane e m i t t e d  from t h e  p a n e l  w a s  c a r r i e d  away by t h e  bore-  
h o l e ,  l e a v i n g  t h e  b l e e d e r  e n t r i e s  r e l a t i v e l y  f r e e  o f  methane. 

The l a s t  s t u d y  was made t o  de te rmine  t h e  e f f e c t i v e n e s s  of a t imbered 
b l e e d e r  system. The b l e e d e r  e n t r i e s  s u c c e s s f u l l y  d e g a s i f i e d  t h e  gob a r e a  when 
enough e n t r i e s  were a v a i l a b l e  and adequa te  p r e s s u r e  was a v a i l a b l e  t o  f o r c e  
t h e  a i r  through roof  f a l l s .  

INTRODUCTION 

The p r o p e r  v e n t i l a t i o n  of  c o a l  mine gobs i s  becoming more d i f f i c u l t  a s  
deeper  coa lbeds  a r e  mined and r e s t r i c t i o n s  on p e r m i t t e d  methane l e v e l s  become 
more s t r i n g e n t .  The Bureau o f  Mines i s  conduct ing r e s e a r c h  i n t o  new ways of 
r e d u c i n g  methane i n  gobs ,  and most of t h i s  e f f o r t  c e n t e r s  on t h e  use  of bore -  

3 
h o l e s  and b e t t e r  b l e e d e r s  f o r  gob d e g a s i f i c a t i o n  (L-3). One of t h e  most 
impor tan t  a s p e c t s  of gob v e n t i l a t i o n  i s  t h e  need t o  v e n t  s a f e l y  t h a t  p o r t i o n  
of gas t h a t  f lows i n t o  a c t i v e  workings when t h e  b a r o m e t r i c  p r e s s u r e  f a l l s .  

l ~ i n i n g  e n g i n e e r .  
2 

Research s u p e r v i s o r .  
Both a u t h o r s  a r e  w i t h  t h e  P i t t s b u r g h  Research C e n t e r ,  Bureau of  Mines, 

P i t t s b u r g h ,  Pa. 
3 ~ n d e r l i n e d  numbers i n  p a r e n t h e s e s  r e f e r  t o  i t ems  i n  t h e  l i s t  of r e f e r e n c e s  

a t  t h e  end of  t h i s  r e p o r t .  



This r e p o r t  d e t a i i s  r e s u l t s  from t h r e e  gob d e g a s i f i c a t i o n  s t u d i e s  con- 
ducted by the  Bureau, two of which involved t h e  use of a borehole,  and the  
t h i r d  the  use of a heav i ly  timbered b leeder  en t ry .  It i l l u s t r a t e s  the  manner 
i n  which th ree  d i f f e r e n t  mines, a l l  i n  t he  P i t t sbu rgh  coalbed,  handled t h e i r  
gob degas i f  i c a t i o n  problems. 

LEGEND 
0 6'' 

=C= Check curtain Scale, feet 

=II= Permanent stopping 
=ID= Permanent stopping with door 
ZIR- Regulator 
=X= Overcast - Intake air - Return air 

FIGURE 1. - Map of the first study area. 
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FIRST STUDY: DEGASIFICATION OF PILLARED 
PANELS THROUGH A SURFACE BOREHOLE 

I n  t h i s  i n s t a n c e ,  the  borehole  was d r i l l e d  
before  mining i n t o  t he  c e n t e r  of a  panel  s o  a s  
t o  d r a i n  methane from the  gob a f t e r  t he  panel  
was r e t r e a t  mined. The c o a l  mine i s  l oca t ed  i n  
Monongalia County, W e  Va., and t h e  s tudy  a r e a  
cons i s t ed  of panels  5-9,  r i g h t  o f f  3 North 
Mains ( f i g .  1 ) .  Each panel  was developed, 
then p i l l a r e d  and r e t r e a t e d  before  s t a r t i n g  t o  
develop the  next  panel .  

The s u r f a c e  d e g a s i f i c a t i o n  borehole  was 
l oca t ed  i n  panel  5 ,  ad j acen t  t o  a  c o a l  ba r -  
r i e r  f .  )  It was d r i l l e d  ahead of the  
approaching p i l l a r  l i n e  t o  a  depth of 616 f t ,  
34 f t  above the  P i t t sbu rgh  coalbed. It was 
28 inches i n  diameter4 and was cased wi th  
24-inch-OD cas ing  t o  a  depth of 602 f t .  The 
ca s ing  i n t e r v a l  between 398 and 602 f t  i n  
depth was s l o t t e d ,  w i th  t h e  remaining uns lo t -  
t ed  cas ing  cemented from 398 f t  t o  t he  s u r -  
f ace  ( f i g .  2 ) .  

Underground methane flow was measured 
dur ing  pe r iod i c  v e n t i l a t i o n  surveys us ing  the  
d i f f e r e n c e  i n  methane concent ra t ions  between 
i n t a k e  and r e t u r n  a i r f l ows .  During r e t r e a t  
mining, t he  volume of t he  i n t a k e  a i r  va r i ed  
from 22,000 t o  40,000 f t3/min.  Roughly h a l f  
of t h i s  a i r  was conducted ac ros s  t h e  gob t o  
t h e  b l eede r  e n t r i e s  and t h e  s u r f a c e  borehole .  

The borehole  was i n t e r s e c t e d  by the  
p i l l a r  l i n e  i n  March 1972. However, f o r  t he  
f i r s t  7 weeks, t he  methane concent ra t ion  i n  
t he  ho l e  d id  n o t  b u i l d  up enough t o  provide 
a  n a t u r a l  d r a f t .  Since no exhaust  f a n  was 
i n s t a l l e d  on the  s u r f a c e ,  t he  ho l e  would no t  
produce. By May, t he  methane concent ra t ion  

FIGURE 2. - D e t a i l  o f  borehole had r i s e n  s u f f i c i e n t l y  t o  provide a  n a t u r a l  

complet ion.  
d r a f t ,  and the  i n i t i a l  product ion was 300 
f t3 /min ,  which was 60 p c t  of t he  t o t a l  
methane flow from panel  5  ( f i g .  3)  . When 

panel  5  was completed, the  borehole flow dropped toge the r  wi th  t he  - underground 
flow. As panel 6  was p i l l a r e d ,  borehole flow increased  t o  200 f t d /min ,  and 

4 0 r d i n a r i l y  such a large-diameter  ho l e  would n o t  be d r i l l e d ,  bu t  i t  was a  t e s t  
ho l e  f o r  a  mine rescue  p r o j e c t .  
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dur ing  the  l i f e  of t h i s  
panel ,  roughly 50 pc t  of 
the  t o t a l  methane re leased  
from panels 5 and 6 combined 
emerged through the  borehole 
( f i g .  3 ) .  

Borehole e f f ec t iveness  
dropped considerably during 
the  p i l l a r  mining of panel 7 ,  
producing only 30 p c t  of the  
t o t a l  from a l l  t h ree  panels .  
However, t he re  i s  evidence 
t h a t  about one-third of the 
gas from panel 7 was flowing 
t o  the  borehole. A s  panel 
7 was mined, the  borehole 
flow increased about 50 
f t3/min,  whereas the  t o t a l  
flow (borehole and r e t u r n )  
increased about 140 f t3 /mine 
There was no increase  i n  
borehole flow a s  panel 8 
was p i l l a r e d ,  i n d i c a t i n g  
t h a t  no measurable gas from 
panel 8 gob was flowing t o  
the  borehole. 

O ~ ~ I I I I I I I I  I I I ' I I I I I  I I I I I I I I I I 1 1  1 1  I During a l l  of t h i s  
\ A M J J A S o N L y j J F M A M J  J A s o  N D A J ~ F - Y ~ M ~ ~ /  t ime,  the  methane concent-a- 

1 9  7 2  1 9  7 3  1 9 7 4  t i o n  i n  the  borehole e f f l u e n t  
va r i ed  widely. For the  f i r s t  

FlGUR E 3. - Borehole methane concentration, methane flow few months as panel 5 was 
from borehole and all mined panels, borehole p i l l a r  mined, i t  averaged 
flow versus total flow, and gob area in  acres. over 50 pc t  but  f luc tua ted  

considerably on a day-t o-day 
b a s i s  ( f i g .  3 ) .  A f t e r  panel 

5 was completed, the  concent ra t ion  occasional ly dipped i n t o  the 20-pct range,  
wi th  t h e  hole los ing  i t s  n a t u r a l  d r a f t  and beginning t o  in take .  When p i l l a r  
mining of panel 6 s t a r t e d ,  an exhauster  f an  was i n s t a l l e d  on the  s u r f a c e ,  but  
i t s  e f f e c t  was t o  lower the  e f f l u e n t  concentrat ion5.  It was removed 6 months 
l a t e r  ( f i g .  3 ) .  The mining of panel 7 r e s u l t e d  i n  some higher  concentrat ions 
f o r  a s h o r t  per iod ,  wi th  the  hole a l s o  f requent ly  in tak ing .  Af t e r  panel 7 ,  the 
exhauster  was reconnected, and the  e f f l u e n t  concent ra t ion  averaged about 25 
p c t  . 

5Previous experience wi th  degas i f i ca t ion  boreholes ind ica t e s  t h a t  t he  l a r g e r  
hole  o r  the  exhauster  fan  does not  necessa r i ly  increase  the  quan t i ty  of 
methane flow from the  gob a rea .  I n  some cases ,  these  only increase  the 
t o t a l  e f f l u e n t  flow a t  a lower methane concentrat ion.  



Analysis 

The s u r f a c e  borehole provided d e g a s i f i c a t i o n  f o r  t h r e e  panels :  pane l  5,  
i n  which i t  was d r i l l e d ,  and two ad jacen t  ones t o  t he  sou th ,  panels  6 and 7. 
The c o a l  b a r r i e r  t o  the  no r th  of t he  borehole probably prevented any substan-  
t i a l  gas flow from t h a t  d i r e c t i o n .  

From f i g u r e  1, i t  appears  t h a t  t h e  borehole provided d e g a s i f i c a t i o n  up t o  
a r ad ius  of  roughly 1,000 f t .  This  i s  somewhat h ighe r  than  expected, f o r  i n  
longwall panels  where mul t ip l e  ho le s  a r e  used,  t hespac ingva r i e sbe tween  1,000 
and 1,500 f t  f o r  ho les  i n  t h e  same panel ,  which is  equ iva l en t  t o  a degas i f i ca -  
t i o n  r ad ius  o f  500 t o  750 f t .  

Since the  a i r f l o w  through the  gob t o  t h e  b leeder  e n t r i e s  averaged about  
12,000 f t3 /min ,  t he  s a f e  l i m i t  f o r  methane f low t o  t h e  b leeders  was 240 f t3/min 

of methane (12,000 x 2 p c t ) .  
The a c t u a l  gob emission was 
of t e n  twice t h i s ,  i n d i c a t i n g  
t h a t  i f  t he  borehole were n o t  
p r e s e n t ,  t h e  a i r  q u a n t i t y  
through the  gob t o  t h e  
b leeders  would have t o  be 
doubled. This would have no t  
been a simple task .  

SECOND STUDY: BLEEDER 
ENTRY VENTILATION 
THROUGH A SURFACE 

BOREHOLE 

A large-diameter bore- 
h o l e  was d r i l l e d  t o  t h e  
i n t e r s e c t i o n  of b leeder  
e n t r i e s  l oca t ed  a t  t h e  back 
end of  a l a r g e  panel.  The 
purpose of t h e  ho le  was t o  
s e r v e  as a v e n t i l a t i o n  sup- 
plement t o  t h e  convent ional  
b leeder  system. The back end 
of t h e  panel  was ad jacen t  t o  
a proper ty  l i n e  and was 
d i f f i c u l t  t o  v e n t i l a t e .  

The panel ,  denoted 61  
But t ,  was loca ted  i n  a c o a l  
mine i n  Washington County, 

LEGEND 
P SloPDlnq 

Pa. It was bounded on t h e  
SR Rapulamr - Intakmair 

s i d e s  by 7 E a s t  e n t r i e s  and - b N r n  08, 
~ P , I I o , I I . .  a c o a l  b a r r i e r .  A t  t h e  back 

was a proper ty  l i n e .  Access 
was from 61 West e n t r i e s  
loca ted  on t h e  no r th  s i d e  

\ " ( f i g .  4). 
FIGURE 4. - Map of the second study area. 



V e n t i l a t i o n  was provided w i th  i n t a k e  and r e t u r n  airways t o  61 West 
e n t r i e s .  The s i d e  and back were provided wi th  b l eede r  e n t r i e s ,  w i th  t h e  
b l eede r  a i r  pass ing  t o  t he  borehole  and 7 Eas t  e n t r i e s .  

The borehole  was d r i l l e d  640 f t  deep,  28 inches  i n  d iameter ,  and cased 
w i th  24-inch casing.  Two exhaus te rs  l oca t ed  on t h e  s u r f a c e  served t o  move 
an average of 9,000 f t3 /min  up t h e  borehole .  

R e t r e a t  mining of 61 Bu t t  s t a r t e d  i n  October 1972 and was completed i n  
November 1973. During t h i s  pe r iod ,  t h e  Bureau of Mines made p e r i o d i c  v e n t i -  
l a t i o n  surveys t o  measure t h e  methane emission and determine what f r a c t i o n  was 
e x i t i n g  t o  61 West r e t u r n s ,  7 E a s t  e n t r i e s ,  o r  t h e  borehole .  The v e n t i l a t i o n  
p i c t u r e  was complicated somewhat by t he  i n t r o d u c t i o n  of methane from t h e  ad j a -  
c e n t  60 But t  ( f i g .  4 ) .  However, i n  t h e  survey ,  i t  was p o s s i b l e  t o  d i s t i n g u i s h  
t h e  methane amounts con t r i bu t ed  by 60 Bu t t  and 61 B u t t ,  r e s p e c t i v e l y .  

The r e s u l t s  of t he se  surveys a r e  shown i n  t a b l e  1, Methane emerging from 
t h e  f r o n t  of t h e  pane l  passed t o  61 West r e t u r n s ,  and from t h e  s i d e  and r e a r  
t o  7 E a s t  and t h e  borehole .  Genera l ly ,  t h e  borehole  c a r r i e d  most of t h e  load 
a t  t h e  s i d e s  and r e a r ,  l e av ing  7 E a s t  f r e e  of l a r g e  amounts of methane. This 
i n d i c a t e s  t h a t  t h e  borehole  worked we l l .  However, t h e  major ques t i on  t o  be  
r e so lved  i s  whether 7 E a s t  could have handled t h e  methane load w i thou t  t h e  
borehole ,  Table 2 g ives  methane concen t r a t i ons  t h a t  would have been found i n  
7 E a s t  had t h e  borehole  n o t  been p re sen t .  Three d i f f e r e n t  a i r f l o w s  were used: 
t h e  a c t u a l  measured a i r f l o w  from t a b l e  1, an assumed a i r f l o w  of 5,000 f t 3 /min ,  
and a n  assumed a i r f l o w  of 10,000 f t3/min.  A g lance  a t  t a b l e  2 shows t h a t  i f  
t h e  borehole  had n o t  been p r e s e n t ,  an a i r f l o w  of 10,000 f t 3 /min  o r  more would 
have been c o n s i s t e n t l y  r equ i r ed  i n  7 Eas t  t o  main ta in  s a f e  methane l e v e l s .  

TABLE 1. - Me thane emission survey  from 61 Wes t r e t u r n s ,  
7 E a s t  e n t r i e s ,  and borehole ,  f t3/min 

D a t e o f  
survey  

10-02-72 
11-02-72 
11-21-72 
12-06-72 
12-20-72 
01-11-73 
02-06-73 
02-22-73 
03-15-73 
04-12-73 
05-17-73 
08-09-73 
10-30-73 

F r o n t  of Panel 
61WestReturns  

A i r  
(thou- 
sands)  
42 
51  
44 
37 
45 
52 
53 
52 
48 
44 
42 
39 

7.1 

Methane from 
7 Eas t  and 
borehole  

25 
111 

70 
82 

124 
147 
140 
294 
291 
166 
291 
210 
281 

S ides  and r e a r  of pane l  

Meth- 
ane 

55 
32 
30 
49 
63 
36 
18 
53 
10 
22 
23 
19 
0 

7 E a s t  
A i r  

(thou- 
sands)  

12 
2.5 
1.9 
1.7 
2.2 
1.6 
1.7 
9.4 
3.6 
0 
8.5 

11 
8.2 

Rorehole 
Meth- 

ane 

25 
26 
18 
17 
18 
22 
14 

160 
69 

0 
89 
74 
66 

A i r  
(thou- 
sands)  

0 
6.8 
6.5 
7.2 
8.5 
8.6 

10 
11 
10 
10 
11 
10 
11 

Methane 
from 61  
Bu t t  

0 
85 
52 
65 

106 
121 

95 
0 

73 
141 
185 
128 
207 

Methane 
from 60 
Bu t t  

0 
0 
0 
0 
0 
4 

31  
134 
149 

25 
17 

8 
8 



TABLE 2. - concentrat ions1 in 7 Eas t i f  borehole  were i n o p e r a t i v e ,  pc t 

' c a l cu l a t ed  by F. N. K i s s e l l .  

Analysis  

Date of 
survey 

10-02-72 
11-02-72 
11-21-72 
12-06-72 
12-20-72 
01-11-73 
02-06-73 
02-22-73 
03-15-73 
04-12-73 
05-17-73 
08-09-73 
10-30-73 

A major f r a c t i o n  of t h e  methane emit ted from 61  But t  was c a r r i e d  away by 
t h e  horehole ,  l eav ing  7 F a s t  r e l a t i v e l y  f r e e  of methane, Without t h e  borehole ,  
7  Eas t  could no t  have s a f e l y  handled t h e  methane wi thout  major changes i n  t h e  
v e n t i l a t i o n  plan.  

Assuming a i r f l o w  
of 5,000 f t3 /min  

i n  7  Eas t  
0.5 
2.2 
1.4 
1.6 
2.5 
2.9 
2.8 
5.9 
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5.8 
4.2 
5.6 

Using measured 
a i r f l o w  i n  7 

Eas t 
0.2 
4.41 
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5.6 
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8.3 
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3 04 
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Assuming a i r f l o w  
of 10,000 f t3 /min  

i n  7  Eas t  
0.25 
1.1 
0.7 
0.8 
1.2 
1.4 
1.4 
2.9 
2.9 
1.6 
2.9 
2.1 
2.8 

A more common approach t o  gob v e n t i l a t i o n  i s  t o  depend e n t i r e l y  on the  
b l eede r  system, wi thout  t h e  use  of supplementary boreholes .  I f  n o t  badly 
blocked by f a l l s ,  such a  system i s  capable  of s a f e l y  ca r ry ing  a  cons iderab le  
amount of methane. 

One e f f e c t i v e  convent ional  b leeder  system i s  loca t ed  i n  a  mine i n  t h e  
P i t t sbu rgh  coalbed i n  Monongalia County, W. Va. It i l l u s t r a t e s  what volumes 
of methane can be handled wi thout  t he  use  of supplementary boreholes .  

The a r e a  ( f i g .  5) included fou r  ad j acen t  longwall  pane ls  t h a t  were mined 
i n  sequence. Each was circumscribed by t h r e e  panel  e n t r i e s  on t h e  s i d e ,  South 
Bleeders  a t  t he  back, and 2 South Mains. Daily product ion ranged from 1,000 
t o  4,000 tons of coa l .  I n t ake  a i r  t o t a l i n g  40,000 t o  90,000 f t3 /min  was con- 
ducted from 2 South Mains through t h e  panel  e n t r i e s  and t o  t h e  South Bleeders .  
The South Bleeders c a r r i e d  an  a d d i t i o n a l  20,000 t o  40,000 f t3 /min  t o  1 L e f t  
Gob on the  o t h e r  s i d e .  

I n  the  South Bleeders ,  e n t r y  3 was timbered down t h e  c e n t e r  of most of 
i t s  length  wi th  c l o s e l y  spaced c r i b s .  Most of t h e  t ime,  e n t r i e s  3  and 4 served 
a s  b l eede r s  f o r  t h e  long&ll  pane l s ,  wi th  e n t r i e s  1 and - 2  se rv ing  a s  i n t akes  
f o r  1 L e f t  Gob. A t y p i c a l  a i r  volume i n  e n t r i e s  3  and 4 t o t a l e d  65,000 f t3 /min .  
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As pane l  4 was mined, 
a l l  of t h e  South Bleeder  

a. e n t r i e s  were converted t o  
r e t u r n s  , a l lowing  a boos t  
i n  t he  a i r  t o  95,000 f t3/min.  

700 70 The methane f low r a t e  from 
\ 

Longwalls \\ 
gob area 

Underground 
, methane emission 

/ 
/ 

/ 

t he  e n t i r e  f o u r  panel  a r e a  

60 f ( f i g .  6 )  i nc r ea sed  s t e a d i l y  
" over  a 3-year per iod  t o  
5 850 f t3 /min  and then 

5 0  dec l i ned ,  t h e  d e c l i n e  due 
m 
o t o  slow mining of pane l  4. 
(3 

Panel 1 'panel 2 $400[ ,-:,A,,A,/ = ; - ~ a n e 1 3 +  p a n e 1 4  I 4 O 2  a Analysis  
a 5 3 0 0  

E 
30 Z 

z x 9 Conventional b l eede r  
e n t r i e s  can s a f e l y  c a r r y  

2 0 0 k  ;' / 2 0  away cons ide rab l e  amounts of  
me thane ,  provided enough 

lo e n t r i e s  a r e  a v a i l a b l e  and 
enough p re s su re  i s  a v a i l a b l e  
t o  f o r c e  t h e  a i r  through 

I I I  I l l  1 I I I I I  

- 1 9 7 3 ~ 1 9 7 4 ~ 1 9 7 5  /\ 1 9 7 6 ~ 1 9 7 7  roof  f a l l s .  Because of 
heavy t imber ing ,  e n t r y  3 d i d  

FIGURE 6 ,  - Methane f low rate  and longwal ls  gob area, n o t  provide t h e  completely 
unobs t ruc ted  v e n t i l a t i o n  

a i r c o u r s e  t h a t  was hoped f o r ;  however, i t  was s t i l l  p o s s i b l e  t o  move 65,000 
f t3 /min  through e n t r i e s  3 and 4 wi th  a p r e s su re  l o s s  of 2 inches  wate r  gage i n  
t h e  b l eede r .  The underground emission peaked a t  about  850 f  t3/min of methane, 
which was much more gas t han  was measured i n  t h e  two s t u d i e s  where boreholes  
were used. The b l eede r  system e f f e c t i v e l y  handled t h i s  l a r g e r  gas emission,  
a l though  f o u r  b l eede r  e n t r i e s  were r equ i r ed .  

I n  p r a c t i c e ,  i t  i s  no t  o f t e n  easy  t o  d r a i n  methane adequa te ly  us ing  t h i s  
type of  b l e e d e r ,  because of t h e  d i f f i c u l t i e s  involved w i th  main ta in ing  t he  
neces sa ry  a i r  p r e s su re  d i f f e r e n t i a l s .  
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