
Bureau of Mines Report of Investigations/l983 

Control of Longwall Gob Gas 
With Cross- Measure Boreholes 
(Upper Kittanning Coalbed) 

By A. A. Campoli, J. Cervik, and S. J. Schatzel 

UNITED STATES DEPARTMENT OF THE INTERIOR 



Report of Investigations 8841 

Control of Longwall Gob Gas 
With Cross- Measure Boreholes 
(Upper Kittanning Coalbed) 

By A. A. Campoli, J. Cervik, and S. J. Schatzel 

UNITED STATES DEPARTMENT OF THE INTERIOR 
William P. Clark, Secretary 

BUREAU OF MINES 
Robert C. Horton, Director 



Library of Congress Cataloging in Publication Data: 

Campoli, A. A. (Alan A*) 
Control  of longwal l  g o b  g a s  with c ross -measure  boreho les  (Upper  

Ki t t ann ing  Coa lbed) .  

(Repor t  of i n v e s t i g a t i o n s  / United S t a t e s  Depar tment  of Inter ior ,  Bu- 
reau of Mines ; 8841)  

Bibliography: p. 17. 

Supt. of Docs.  no.: I 28.23:8841. 

1. Fire-damp. 2. C o a l  mines  and  mining-Safety measures .  3. 
Mine vent i la t ion.  4. Boring. I. Cerv ik ,  Joseph .  11. S c h a t z e l ,  Ste- 
ven J. 111. Ti t le .  IV. Series:  Repor t  of  i n v e s t i g a t i o n s  (Uni ted  S ta tes .  
Bureau of Mines)  ; 8841. 

TN23.U43 [TN305] 622s [622',8] 83-600321 

< e 

1 



CONTENTS 
Page -I 

........................................................................ k b s t r a c t  
i In t roduc t ion  ................................................................... 
kcknowledgments ................................................................ 
Study a r e a  ..................................................................... 
~ r o s s - m e a s u r e  borehole  system des ign  ........................................... I 
D r i l l i n g  equipment and procedures  .............................................. 
iPiping system and flow measurement p rocedures  .................................. 
Sur f ace  v e n t i n g  f a c i l i t y  ....................................................... 
Produc t ion  d a t a  ................................................................ ........................................................... Gob gas  p roduc t ion  

Water p roduc t ion  ............................................................. 
P a r t i a l  vacuum a p p l i e d  t o  cross-measure  boreholes  .............................. 
E f f e c t s  of t h e  cross-measure  system ............................................ 
Summary and conc lus ions  ........................................................ 
References  ..................................................................... 

ILLUSTRATIONS 

Genera l ized  s t r a t i g r a p h i c  column of Pennsylvanian system ................... 
S t r a t i g r a p h i c  column above Upper K i t t ann ing  Coalbed ........................ ......... Bethlehem Mines Corp. 's  Cambria 33 Mine (Upper K i t t ann ing  Coalbed) 
Longwall t e s t  pane l  ........................................................ 
Schematic of cross-measure  borehole  de s ign  paramete rs  ...................... 
E l e c t r o h y d r a u l i c  d r i l l i n g  u n i t  ............................................. 
Hydrau l ic  d r i l l  c o n t r o l  u n i t  ............................................... 
Expandable mechanical  packer  ............................................... 
S t u f f i n g  box ............................................................... 
Synthetic diamond wafer  b i t s  ............................................... 
ETA d r i l l  rod be ing  added t o  d r i l l  s t r i n g  .................................. 
P l a s t i c  s t andp ipe  w i t h  socke t s  ............................................. 
Cross-measure  borehole  equipment ........................................... 
Sur f ace  ven t i ng  f a c i l i t y  ................................................... 
Methane flow r a t e s  ......................................................... 
Gob gas  f low r a t e s  ......................................................... 
Hole l i f e  versus  i n c l i n a t i o n  a n g l e  ......................................... 
Hole l i f e  versus  p e n e t r a t i o n  i n t o  gob ...................................... ............... Cross-measure.  longwal l  r e t u r n .  and t o t a l  methane f low r a t e s  .......... E f f e c t  of t h e  cross-measure  system on t h e  mine v e n t i l a t i o n  system 

TABLE 

1 . Produc t ion  h i s  t o r y  of cross-measure  boreholes  .............................. 



UNIT OF MEASURE ABBREVIATIONS USED IN THIS REPORT 

c e n t i m e t e r  kW k i l o w a t t  

d e g r e e  L  l i t e r  

f o o t  ~ / m i n  l i t e r  p e r  minu te  

c u b i c  f o o t  p e r  minu te  m mete r  

g a l l o n  mm m i l l i m e t e r  

g a l l o n  p e r  minu te  m3/s c u b i c  mete r  p e r  second 

hour Pet p e r c e n t  

horsepower r a d  r a d i a n  

i n c h  VAC v o l t  a l t e r n a t i n g  c u r r e n t  

k i l o p a s c a l  



CONTROL OF LONGWALL GOB GAS WITH CROSS-MEASURE BOREHOLES 
(UPPER KITTANNING COALBED) 

By A. A. Carnpoli, ' J. Cervik, and S. J. Schatzel 

ABSTRACT 

The cross-measure boreho le  t e c h n i q u e  i s  be ing  s t u d i e d  by t h e  Bureau of 
Mines a s  an  a l t e r n a t i v e  t o  t h e  u s e  of s u r f a c e  gob b o r e h o l e s  a s  a means 
of  c o n t r o l l i n g  methane i n  gobs d u r i n g  longwal l  mining. Small-diameter 
h o l e s  a r e  d r i l l e d  from underground l o c a t i o n s  i n t o  s t r a t a  o v e r l y i n g  t h e  
mined coalbed.  When t h e  roof s t r a t a  a r e  f r a c t u r e d  by t h e  mining opera- 
t i o n ,  a p a r t i a l  vacuum a p p l i e d  t o  t h e  boreho les  draws t h e  methane o u t  of 
t h e  f r a c t u r e d  s t r a t a  and p r e v e n t s  i t  from e n t e r i n g  t h e  mine v e n t i l a t i o n  
system. 

T e s t s  i n  t h e  Upper K i t t a n n i n g  Coalbed showed t h a t  50 p c t  of t h e  meth- 
a n e  produced by t h e  longwal l  mining o p e r a t i o n  was cap tured  by t h e  c r o s s -  
measure boreholes .  Borehole i n c l i n a t i o n  and p e n e t r a t i o n  i n t o  t h e  gob 
a r e  two impor tan t  boreho le  pa ramete rs  t h a t  a f f e c t  t h e  performance of t h e  
cross-measure boreho le  system. 

' Mining e n g i n e e r .  
' s u p e r v i s o r y  - g e o p h y s i c i s t .  

P i t t s b u r g h  Resea rch  C e n t e r ,  Bureau o f  Mines,  P i t t s b u r g h ,  PA. 



INTRODUCTION 

Methane produced by longwall  ope ra t i ons  
i n  t h e  United S t a t e s  i s  c o n t r o l l e d  by 
d i l u t i o n  w i th  v e n t i l a t i o n  a i r  and by sur -  
f  a ce  gob boreholes.  Surface gob bore- 
ho l e s  cannot always be d r i l l e d  because 
mining may be under populated a r e a s ,  
topography may be t o o  s eve re ,  o r  acces s  
t o  p r i v a t e  proper ty  may be denied. Con- 
s equen t ly ,  an a l t e r n a t i v e  method of con- 
t r o l l i n g  gob gas  is  needed t h a t  is  inde- 
pendent of t h e  mine v e n t i l a t i o n  system 
and s u r f a c e  right-of-way problems. 

The s ing l e - en t ry  longwall  is  t h e  pre- 
dominant mining system i n  Europe where 
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FIGURE 1. - Generalized strat igraphic column 

of Pennsylvanian system. Le t te rs  i n  parentheses 

are loca l  seam designations. 

both r e t r e a t i n g  and advancing longwal l s  
a r e  used. However, t h e  propor t ion  of 
f a c e s  u t i l i z i n g  advancing techniques 
dominates,  wi th  8 2  p c t  i n  Great B r i t a i n  
(2)4 and 75 pc t  i n  West Germany (3). 
Post-World War I1 mechanization and min- 
i n g  of deeper  and g a s s i e r  coalbeds forced  
t h e  a p p l i c a t i o n  of gob dra inage  systems 
on European longwalls.  The most commonly 
used method of c o n t r o l l i n g  gob gas  du r ing  
mining i n  Europe is  t h e  cross-measure 
borehole  technique (1). It i s  inde- 
pendent of t h e  mine v e n t i l a t i o n  system 
and s u r f a c e  right-of-way problems. This  
r e p o r t  de sc r ibes  j o i n t  e f f o r t s  by t h e  

4 ~ n d e r l i n e d  numbers i n  paren theses  re-  
f e r  t o  i tems i n  t h e  l i s t  of r e f e r ences  a t  
t h e  end of t h i s  r e p o r t .  
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Bureau and Bethlehem Mines Corp. t o  adapt  r e t r e a t i n g  longwalls  i n  t h e  Upper Ki t tan-  
t h e  cross-measure borehole technique ning Coalbed. 
of gob gas  c o n t r o l  t o  mult iple-entry 
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STUDY AREA 

The s tudy  a r e a  was l oca t ed  i n  Pennsyl- 
van ian  age s t r a t a  of t h e  Allegheny Group, 
s p e c i f i c a l l y  t h e  Ki t tanning  and Freepor t  
Formations ( f i g .  1)  (k, p. 6 ) .  The Upper 
K i t t ann ing  Coalbed, l o c a l l y  c a l l e d  t h e  
C-prime (C')  seam, v a r i e s  from 29 t o  45 
i n  (74 t o  114 cm) i n  he ight  over  t h e  

s tudy  a r e a  (6, pp. 5-7). A d e t a i l e d  
s t r a t i g r a p h i c  column was produced by 
ana lyz ing  d r i l l  c u t t i n g s  from cross-  
measure boreholes  ( f i g .  2). It shows 
t h r e e  coalbeds which a r e  known sources  
f o r  methane. These coalbeds a r e  l oca t ed  
40, 50, and 90 f t  (12, 15, and 27 m) 
above t h e  roof of t h e  Upper Ki t tanning  
Coalbed. 

The test was conducted on a  r e t r e a t i n g  
/ longwall  i n  Bethlehem Mines Corp.'s Cam- 

\ b r i a  33 Mine ( f i g .  3). An en la rged  view 
of t h e  test pane l  i s  shown i n  f i g u r e  4. 
The underground p i p e l i n e  i s  loca t ed  i n  
t h e  c e n t e r  e n t r y  of t h e  three-entry re-  

/" t u r n  a i r  gateroad. A l l  cross-measure 
boreholes  were d r i l l e d  from t h e  c e n t e r  
e n t r y ,  which was supported by a  l i n e  of 
c r i b s  and remained open and passab le  
a f t e r  t h e  panels  on both s i d e s  were 
removed. 

i' 

Eroluor8on 

0Ol"t 

Surfoce borehole 

C. J 

FIGURE 3. - Bethlehem Mines Corp. '~ Cambria FIGURE 4. - Longwall  test panel. 
33 Mine (Upper Kittanning Coalbed). 



CROSS-MEASURE BOREHOLE SYSTEM DESIGN 

The d e s i g n  of t h e  cross-measure bore- 
hol-es was based on European i n f o r m a t i o n  
and knowledge ga ined  i n  a  p r i o r  Bureau of 
Mines s t u d y  ( 7 ,  pp. 2 ,  4 ,  13).  F i g u r e  5  
shows t h e  f T n a l  boreho le  pa ramete rs ,  
which were determined through in-hole  
su rveys .  

The e n d p o i n t s  of t h e  cross-measure 
b o r e h o l e s  were spaced 250 f t  ( 7 6  m )  
a p a r t .  A l l  bo reho les  were d r i l l e d  o v e r  a  
s u p p o r t  p i l l a r  t o  p r o t e c t  t h e  b o r e h o l e  

when t h e  longwal l  f a c e  passed t h e  co l -  
l a r .  Borehole l e n g t h ,  i n c l i n a t i o n ,  and 
h o r i z o n t a l  d i r e c t i o n  were chosen t o  
accomplish  t h e  fo l lowing :  

1. Mainta in  t h e  h e i g h t  of t h e  boreho le  
over  t h e  f a r  end of t h e  s u p p o r t  p i l l a r  a t  
l e a s t  e i g h t  t imes  t h e  coalbed t h i c k n e s s  
( f i g .  5 ,  E ) .  Est imates  of t h e  h e i g h t  of 
t h e  r u b b l i z e d  zone i n  t h e  gob range f rom 
4  t o  8 t imes  coa lbed  t h i c k n e s s .  

* Cross-measure borehole number 

A - I n c l i n a t i o n ,  degrees 

B - Hor i zon ta l  angle, degrees 

C. - Hole length ,  f e e t  

D - Ter~n i  nal  he igh t  o f  hole,  f e e t  

i - Height  o f  ho le  d t  end o f  supported length ,  f e e t  

F - Pene t ra t i on  over 1  ongwall panel, f e e t  

G - Distance froin endpoint  t o  o r i g i n  of hole,  f e e t  

H  - Distance from s t a r t  o f  panel t o  endpoint  of hole,  f ee t  

Plan view 

Elevation view 

FIGURE 5. - Schematic of cross-measure borehole design parameters. 



2. Terminate t h e  borehole  about  100 f t  4. Angle t h e  borehole  a t  l e a s t  45' 
(30.5 m) i n t o  t h e  gob ( f i g .  5 ,  F) .  Pol- (0.79 r ad )  t o  t h e  a x i s  of t he  longwall  
i s h  s t u d i e s  show h igher  methane concen- ( f i g .  5 ,  2). 
t r a t i o n s  i n  t h e  gob on t h e  r e t h r n  s i d e  
t han  t h e  i n t a k e  s i d e  because of t h e  General ly ,  gas  product ion begins when 
p r e s s u r e  d i f f e r e n t i a l s  of t h e  mine's ven- t h e  f a c e  i s  75 t o  100 f t  (22.9 t o  30.5 m) 
t i l a t i o n  system (5) .  - beyond t h e  end of t h e  borehole but before  

i t  passes  t h e  c o l l a r .  
3. I n t e r c e p t  a l l  coalbeds a t  l e a s t  

100 f t  (30.5 m) above t h e  mined coalbed 
( f i g .  5 ,  2). 

DRILLING EQUIPMENT AND PROCEDURES 

An e l e c t r o h y d r a u l i c  d r i l l  mounted on 3  u n i t  ( f i g .  7) .  The skid-mounted power- 
h y d r a u l i c  jacks  was used t o  d r i l l  t h e  12 pack was l oca t ed  i n  a  f r e s h  a i r  e n t r y  
cross-measure boreholes  ( f i g .  6). B i t  dur ing  d r i l l i n g .  It c o n s i s t s  of a 20- 
t h r u s t  and r o t a t i o n a l  speed were a d j u s t e d  hp (14.9-kW), 460-VAC, three-phase e lec-  
a t  t h e  c e n t r a l  u n i t ,  which was l o c a t e d  10 t r i c  motor, a  hyd rau l i c  pump, and a  35- 
t o  15 f t  (3.0 t o  4.6 m) from t h e  d r i l l  g a l  (132-L) hyd rau l i c  r e se rvo i r .  The 

FIGURE 6. - E l e ~ t r o h ~ d r a u l i c  dri l l ing unit. 



FIGURE 7. - Hydraulic d r i l l  control unit. 

hyd rau l i c  f l u i d  i s  a f i r e - r e s i s t a n t  60/40 
water  emulsion f l u i d .  

The f i r s t  26 f t  (7.9 m) of each bore- 
ho l e  was d r i l l e d  w i t h  a 4-in (102-mm) 
diamond co re  b i t ,  and t h e  cores  were re-  
moved i n  30-in (76.2-cm) sec t ions .  The 
remainder of t h e  ho l e  was d r i l l e d  wi th  a 
1.9-in (48-mm) b i t .  Because abnormal 
methane flows could be encountered dur ing  

d r i l l i n g  of t h e  1.9-in (48-mm) ho le ,  a l l  
d r i l l i n g  was conducted through a s t u f f i n g  
box a t t ached  t o  a 4-in (1021nm) expand- 
a b l e  mechanical packer ( f i g .  8 ) .  Return 
water  and d r i l l  c u t t i n g s  were t r anspo r t ed  
t o  a we l l -ven t i l a t ed  a r e a  30 f t  (9.1 m) 
downstream from t h e  d r i l l  s i t e  through a 
hose connected t o  t h e  mechanical packer 
( f i g .  9 ) .  The packer,  s t u f f i n g  box, and 
va lve  a t  t h e  end of t he  dra inage  hose 



FIGURE 8. - Expandable mechanical packer. 

FIGURE 9. - Stuffing box. 

provided t h e  means t o  shut- in  t h e  bore- A s y n t h e t i c  diamond wafer b i t  [1 .9  i n  
h o l e  i f  abnormal methane flows were (48 mm)] was used t o  d r i l l  t h e  c ross -  
encountered during d r i l l i n g .  However, no measure boreholes  ( f i g .  10). Pene t r a t i on  
abnormal flows occurred dur ing  t h e  d r i l l -  r a t e  through t h e  sandstones and s h a l e s  
i n g  of any of t h e  ho l e s  on t h e  t e s t  averaged 70 f t  (21.3 m) per  s h i f t ,  and 
panel.  b i t  l i f e  was except iona l .  Only one b i t  



FIGURE 10. - Synthetic diamond wafer bits. A, New; B,  worn. 

was used t o  d r i l l  a l l  cross-measure bore- 
h o l e s  on t h e  test  panel.  Figure 10 com- 
p a r e s  a  new b i t  (A) t o  one t h a t  had 
d r i l l e d  over  3,100 f t  (945 m) of rock 
(B). The diamond wafers  a r e  chipped and 
worn t o  t h e  po in t  where t h e  mat r ix  had 
been rubbing on t h e  rock s u r f a c e  dur ing  
d r i l l i n g .  The worn b i t  (B) can be s a l -  
vaged by removing t h e  diamoxd wafers  and 
r o t a t i n g  them about 180" (3.1 r ad ) .  The 
c o s t  t o  sa lvage  t h e  b i t  i s  about ha l f  t h e  
c o s t  of a  new b i t .  

The d r i l l  u n i t  was l i m i t e d  t o  a  l eng th  
of about 54 i n  (137 cm) ( f i g .  6) because 
coalbed he igh t  i s  about 45 i n  (114 cm) 
and ho le s  w e r e  i n c l i n e d  upward 23" t o  33" 
(0.40 t o  0.58 rad) .  D r i l l  rods a r e  1.6 
i n  (41 mm) i n  diameter  and 15 i n  (381 mm) 

long  ( f i g .  l l ) ,  which requi red  f r equen t  
i n t e r r u p t i o n s  i n  d r i l l i n g  t o  i n s e r t  d r i l l  
rods.  The rods were screwed i n t o  one 
another  wi th  a  s p e c i a l  coa r se  t a p e r  
th read  (ETA) f o r  r ap id  connection and 
dismantl ing.  No c e n t r a l i z e r s  were used 
dur ing  d r i l l i n g  because of t h e  smal l  d i f -  
f e r ence  i n  diameter  between t h e  d r i l l  
rods and b i t .  Downhole surveys showed 
l i t t l e  v a r i a t i o n  i n  borehole t r a j e c t o r y .  

P l a s t i c  s tandpipes  were cemented i n t o  
each cross-measure borehole a f t e r  t h e  
completion of t h e  d r i l l i n g  phase. The 
cementing phase is  important  because i f  
no t  completed proper ly ,  mine a i r  could 
s h o r t - c i r c u i t  i n t o  t h e  cross-measure 
borehole ,  reducing i t s  a b i l i t y  t o  draw 
methane from t h e  gob. 



FIGURE 11. - ETA d r i l l  rod be ing  added to d r i l l  s t r ing.  



Two g r o u t i n g  p rocedures  were t e s t e d  t o  
de te rmine  t h e  b e s t  method of g r o u t i n g  t h e  
s t a n d p i p e s .  I n  h o l e s  1 through 7, 9 ,  and 
10,  5 - f t  ( 1 . 5 9 )  l e n g t h s  of 2.25-in (57- 
mm) d i a m e t e r  p l a s t i c  p i p e  were j o i n e d  
w i t h  s o c k e t s .  T o t a l  l e n g t h  of s t a n d p i p e  
was abou t  20 f t  (6.1 m) ( f i g .  12) .  Shor t  
15-in (38-cm) plugs  of cement were em- 
p l a c e d  every 30 i n  (76 cm) a l o n g  t h e  
p l a s t i c  p ipe .  I f  roof movements d u r i n g  
mining c a u s e  a misalignment of t h e  h o l e ,  

t h e  p l a s t i c  p i p e  bends a t  t h e  s o c k e t  
j o i n t s  and because  t h e  cement i s  emplaced 
i n  s h o r t  p l u g s ,  c r a c k i n g  would be mini-  
mal. I n  h o l e s  , , and 12, 1.25-in 
(32-mm), 2.5-in (64-mm), and 2-in (51-mm) 
d iamete r  p l a s t i c  p i p e s ,  r e s p e c t i v e l y ,  
were g r o u t e d  18 f t  (5.5 m) i n t o  t h e  
h o l e s .  D r i l l i n g  t h e  h o l e  and g r o u t i n g  
t h e  p l a s t i c  s t a n d p i p e  r e q u i r e d  abou t  f i v e  
8-h s h i f t s  by a th ree -person  crew. 

PIPING SYSTEM AND FLOW MEASUREMENT PROCEDURES 

Access t o  t h e  s u r f a c e  was p rov ided  by a 
688-f t ( 2 1 0 9 )  long ,  12-in (30.5-cm) 
d i a m e t e r  s u r f a c e  boreho le  ( f i g .  4) .  The 
b o r e h o l e  was cased  w i t h  8-in (20.3-cm) 
s t e e l  p i p e  and cemented t h e  e n t i r e  
l e n g t h .  A 6-in (15.2-cm) crushproof  
p l a s t i c  p i p e l i n e  [4 ,750  f t  (1 ,448 m)] 
connec ted  t h e  s u r f a c e  boreho le  t o  t h e  
c r o s s - m e a s u r e  boreho les .  

Movement of a gas  through a p l a s t i c  
p i p e l i n e  can cause  a s t a t i c  charge  b u i l d -  
up  on t h e  p i p e l i n e .  A s t a t i c  charge  can 
i g n i t e  e x p l o s i v e  methane-air  mixtures .  
To d i s s i p a t e  t h e  s t a t i c  charge ,  t h e  en- 
t i r e  p i p e l i n e  was wrapped w i t h  ba re  cop- 
p e r  w i r e ,  which was a t t a c h e d  t o  copper 
grounding rods .  These rods  were p l a c e d  
i n  10-f t (3-m) h o l e s  d r i l l e d  i n t o  t h e  
bot tom and packed w i t h  charcoa l .  The 

grounding rods  were spaced 500 f t  (152 m) 
a l o n g  t h e  p i p e l i n e .  

The p i p e l i n e  e n t r y  a d j a c e n t  t o  t h e  t e s t  
pane l  ( f i g .  4) s l o p e d  about  1 p c t  down- 
ward from h o l e  12 t o  1 ;  a t  t h e  r i g h t -  
a n g l e  bend, t h e  s l o p e  i n c r e a s e d  t o  3 
p c t  downward toward t h e  v e r t i c a l  bore- 
hole .  Water f low from t h e  c ross -measure  
boreho les  was d i scharged  d i r e c t l y  i n t o  
t h e  main p i p e l i n e ;  a t  t h e  r i g h t - a n g l e  
bend, t h e  w a t e r  was c o l l e c t e d  i n  a 2-in 
(51-mrn) meta l  p i p e l i n e  i n s t a l l e d  d i -  
r e c t l y  below t h e  main p i p e l i n e .  Water 
was d r a i n e d  from t h e  meta l  p i p e l i n e  
p e r i o d i c a l l y .  

Gas f low (methane p l u s  a i r )  from each  
c ross -measure  boreho le  was c a l c u l a t e d  
from gas  p r e s s u r e  drop measurements w i t h  

P' 
FIGURE 12. - P las t i c  standpipe wi th  sockets. 
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FIGURE 13. - Cross-measure borehole equipment. 

a  mercury manometer a c r o s s  a  v e n t u r i ,  and 
t h e  c o n c e n t r a t i o n  of methane i n  t h e  g a s  
f low was measured w i t h  a  0- t o  100-pct 
methanometer ( f i g .  13). The p a r t i a l  
vacuum a t  each  h o l e  was measured w i t h  a  
mercury manometer a t  a  p r e s s u r e  t ap .  

Re turn  a i r  from t h e  longwal l  min- 
i n g  o p e r a t i o n  was channeled through a  
s i n g l e  e n t r y  b e f o r e  i t  e n t e r e d  t h e  
main r e t u r n s  ( f i g .  4--evaluation p o i n t ) .  

P e r i o d i c a l l y ,  t h e  volume of a i r  was mea- 
su red  w i t h  an anemometer a t  t h e  evalua-  
t i o n  p o i n t .  Gas b o t t l e  samples were a l s o  
t a k e n  s imul taneous ly  and analyzed w i t h  a  
gas  chromatograph t o  determine methane 
c o n c e n t r a t i o n  i n  t h e  r e t u r n  a i r .  Thus 
t h e  t o t a l  methane f low from t h e  longwal l  
mining o p e r a t i o n  i s  t h e  sum of t h e  f lows 
from t h e  cross-measure boreho les  and 
i n  t h e  r e t u r n  a i r  from t h e  longwal l  
( f i g .  4--evaluation p o i n t ) .  

SURFACE VENTING FACILITY 

The s u r f a c e  v e n t i n g  f a c i l i t y  ( f i g .  14) producing f lows up t o  200 f t 3 j m i n  (0.09 
was p r o t e c t e d  by a  f lame a r r e s t o r ,  l i g h t -  m3/s) and a  p a r t i a l  vacuum up t o  3.5 i n  
n i n g  a r r e s t o r ,  and check damper t o  of mercury (11.8 kPa) ,  removed t h e  gob 
p r e v e n t  backflow i n t o  t h e  p i p e l i n e .  gas.  The e x h a u s t e r  was d r i v e n  by a  5-hp 
An ign i t ion-proof  e x h a u s t e r ,  capab le  of (3.7-kW) 440-VAC motor. 



FIGURE 14. - Surface venting faci l i ty. 



The t o t a l  f low of gob gas  (methane p l u s  gas  ana lyzer .  The ins t rument  was s e t  t o  
a i r )  a t  t h e  s u r f a c e  was c a l c u l a t e d  from sound an  a la rm i n  t h e  mine o f f i c e  when 
i n d i v i d u a l  cross-measure borehole  gas  methane c o n c e n t r a t i o n  dropped below 25 
f lows.  The methane c o n c e n t r a t i o n  i n  t h e  pc t .  The p a r t i a l  vacuum a t  t h e  i n t a k e  
g a s  f low a t  t h e  s u r f a c e  was measured and t o  t h e  exhaus t e r  was a l s o  measured 
recorded  con t inuous ly  w i th  an  i n f r a r e d  p e r i o d i c a l l y .  

PRODUCTION DATA 

GOB GAS PRODUCTION 

Gob gas  was e x t r a c t e d  from 11 of t h e  12 
cross-measure boreholes .  Hole 1,  t h e  
only borehole  t h a t  f a i l e d  t o  produce gob 
g a s ,  was d r i l l e d  w i t h  i t s  endpoint  on ly  
27 f t  (8.2 m) from t h e  s t a r t i n g  p o i n t  of 
t h e  pane l  ( f i g .  5 ,  - H). Apparent ly  t h e  
s t r a t a  i n  t h i s  a r e a  d i d  no t  f r a c t u r e ;  
t h u s  no f low pa ths  were c r e a t e d  t o  permit  
gob g a s  movement toward t h e  ho le .  

No f r e e  f low of methane occur red  from 
any cross-measure borehole .  Even w i t h  an  
a p p l i e d  p a r t i a l  vacuum, f low d i d  no t  
occur  u n t i l  t h e  f a c e  passed 75 t o  100 f t  
( 23  t o  30 m) beyond t h e  end of t h e  ho l e ;  
i t  d i d  occur  be fo r e  t h e  f a c e  passed t h e  
c o l l a r  of t h e  h o l e ,  however. 

F igures  15 and 16 show methane and gob 
ga s  (methane p lu s  a i r )  f low r a t e s ,  re-  
s p e c t i v e l y ,  f o r  each  cross-measure bore- 
hole .  Genera l ly ,  t h e  flow r a t e  curves  
f o r  each  cross-measure borehole  fo l low 
t h e  same p a t t e r n  excep t  f o r  h o l e s  4 and 
8. For t h e s e  two h o l e s ,  t h e  methane f low 
r a t e s  dec l i ned  t o  z e r o  bu t  t h e  a i r  f low 
from each  h o l e  i n c r e a s e d ,  which i n d i c a t e d  
d i r e c t  communication w i t h  t h e  mine ven t i -  
l a t i o n  a i r .  For h o l e s  2 ,  3, 5 ,  6 ,  7 ,  and 
9 ,  when gob gas  f low dec l i ned ,  t h e  meth- 
ane f low a l s o  dec l ined .  Eventua l ly  t h e  
ho l e s  were shu t - i n  because t h e  methane 
concen t r a t i on  i n  t h e  gob gas  f low dropped 
below 25 pc t .  Subsequent ly ,  t h e  gob gas  
flow dec l i ned  t o  a  n e g l i g i b l e  q u a n t i t y ,  
i n d i c a t i n g  gob compaction and f r a c t u r e  
system c lo su re .  A complete p roduc t ion  
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FIGURE 15. - Methane flow rates. 



120 I l i f e  i s  g r e a t e r  f o r  i n c l i n a t i o n s  ranging 

110 
- from 26O t o  31° (0.45 t o  54 r ad )  than f o r  

i n c l i n a t i o n s  of 21' t o  25O (0.37 t o  0.44- 
I 0 0  - rad) .  Boreholes w i t h  h ighe r  i n c l i n a t i o n  

angles  a l s o  tended t o  produce h igher  
KEY 

-TO,UI average methane flow r a t e s  than lower 
Hole 
NO i n c l i n a t i o n  boreholes.  

+-+ 2 - 3 
- 4  
-5 Borehole pene t r a t i on  i n t o  t h e  gob 

- - ( f i g .  5, F) ranged from 90 t o  136 f  t (27 - 7  - 
- 8  t o 4 1 m ) ,  w h i c h i s  only 16 t o  2 5 p c t ,  
- 9  
- 1 0  r e s p e c t i v e l y ,  of t h e  width of t h e  long- - I1 - 12 w a l l  panel. Figure 18 shows boreholes  

t h a t  p e n e t r a t e  t o o  f a r  i n t o  t h e  gob pro- 
duce gas  f o r  s h o r t e r  per iods  than those  
t h a t  a r e  d r i l l e d  a  s h o r t  d i s t a n c e  i n t o  
t h e  gob. Optimum borehole i n c l i n a t i o n  
and pene t r a t i on  i n t o  t h e  gob appear t o  

O C ~  Nov ~ r c  Jan Feb Mar Apr be a t  l e a s t  31' (0.54 r a d )  and 100 f t  
(30 m), r e spec t ive ly .  

FIGURE 16. - Gob gas flow rates. 

h i s t o r y  was no t  obtained f o r  ho les  10, 
11, and 12 because t h e  ho l e s  were shut - in  
and t h e  s tudy  was terminated when mining 
of t h e  pane l  was completed. 

The gob gas product ion l i f e  of t he  
cross-measure boreholes  ranged from 14 t o  
149 days ( t a b l e  1) .  Borehole i n c l i n a t i o n  
( f i g .  5 ,  F )  and p e n e t r a t i o n  i n t o  t h e  gob 
( f i g .  5 ,  F) were two important parameters  
t h a t  appear  t o  a f f e c t  gas product ion l i f e  
of  boreholes.  Figure 17 shows borehole  

No conclusions could be drawn regard ing  
t h e  procedures used t o  grout  t h e  p l a s t i c  
s tandpipes  i n t o  t h e  cross-measure bore- 
holes .  Both procedures worked equa l ly  
well .  D r i l l i n g  t h e  boreholes  over  a  p i l -  
l a r  prevented t h e  roof from f r a c t u r i n g  
around t h e  c o l l a r s  of t h e  boreholes  and 
drawing mine a i r  i n t o  t h e  boreholes.  
Grouting of t h e  s tandpipe  18 f t  (5.5 m) 
o r  more i n t o  a  ho le  i s  recommended over  
t h e  use of socket  j o i n t s  and plugs of 
cement because t h e  c o s t  i s  l e s s  and t h e  
procedures a r e  s impler .  

TABLE 1. - Production h i s t o r y  of cross-measure boreholes  

Reason gas  product ion was terminated 

Hole never  produced gob gas. 
Gob compacted and flow dec l ined  t o  zero. 

Do. 
Methane concen t r a t i on  f e l l  below 25 pc t  
w i th  dramat ic  i n c r e a s e  i n  gas f low r a t e .  

Gob compacted and flow dec l ined  t o  zero. 
Do. 
Do. 

Methane concen t r a t i on  f e l l  below 25 pc t  
w i t h  dramat ic  i nc rease  i n  gas  flow r a t e .  

Gob compacted and flow dec l ined  t o  zero. 
Complete product ion h i s t o r y  no t  obtained.  

Study was terminated when mining of 
pane l  was completed. 

Do. 
Do. 

Hole 

1  
2  
3  
4  

5 
6 
7  
8 

9  
10 

11 
12 

Gas product ion 
l i f e ,  days 

0  
7 3  
32 

149 

16 
7  1  
5  6  
14 

3  7  
45 

2  0  
8  
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FIGURE 17. - Hole l i f e  versus inc l inat ion angle, 
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produced wate r  when i n i t i a l l y  d r i l l e d .  
Water p roduc t ion  was 1.5 and 10 gal /min FIGURE 18. - Hole l i fe  versus penetration in to  gob. 

(5.7 and 37.9 L/min), r e s p e c t i v e l y .  When 
undermined, wa te r  f low from ho l e  3  i n -  (3.8 t o  30.3 L/min). Holes 1 ,  5 ,  9 ,  10,  
c r ea sed  t o  6  gal /min (22.7 L/min) and and 12 d i d  no t  produce wate r  a t  any time. 
f low from ho l e  8  decreased t o  1  ga l /min  No c o r r e l a t i o n  appears  t o  e x i s t  between 
(3.8 L/min). Holes 2, 4,  6 ,  7,  and 11 water  p roduc t ion  and t e rmina l  h e i g h t  of 
s t a r t e d  t o  produce wate r  a f t e r  undermin- t h e  boreholes  ( f i g s .  4  and 5 ,  D). - 
i n g ;  f low ranged from 1 t o  8  gal /min 

PARTIAL VACUUM APPLIED TO CROSS-MEASURE BOREHOLES 

The exhaus t e r  l o c a t e d  on t h e  s u r f a c e  
borehole  opera ted  a t  maximum p a r t i a l  
vacuum [3.5 i n  mercury (11.8 k ~ a ) ]  
throughout  t h e  s tudy .  Because of f r i c -  
t i o n a l  l o s s e s  i n  t h e  p i p e l i n e ,  t h e  par- 
t i a l  vacuum a t  t h e  cross-measure bore- 
h o l e s  was always l e s s  and w i l l  vary among 
t h e  ho les .  For example, t h e  maximum par- 
t i a l  vacuum measured a t  a  cross-measure 
borehole  was 3.0 i n  Hg (10.1 kPa) and gob 
g a s  f low was 27 f t3 /min  (0.013 m3/s). A t  
a n o t h e r  ho l e ,  t h e  p a r t i a l  vacuum was 0.9 
i n  Hg (3.0 kPa) and gas  flow was 107 
f t 3 / m i n  (0.050 m3/s). Gob pe rmeab i l i t y  
i s  t h e  dominant f a c t o r  a f f e c t i n g  flow 
and p a r t i a l  vacuum a t  a  cross-measure 

P re s su re  measurements w i th  a  U-tube 
wate r  manometer i n d i c a t e d  t h e  p a r t i a l  
vacuum i n  t h e  gob a t  each cross-measure 
borehole  d i s s i p a t e d  i n  l e s s  t han  a  minute 
a f t e r  t h e  s u r f a c e  exhaus t e r  was tu rned  
o f f  . Subsequent ly ,  a l l  cross-measure 
boreholes  were pu t  on produc t ion  excep t  
one which remained shut- in .  Gas p r e s su re  
i n  t h e  gob was measured i n  t h e  shu t - in  
ho l e  over  a  24-h per iod.  The p a r t i a l  
vacuum i n  t h e  gob remained zero.  These 
d a t a  i n d i c a t e  t h a t  no communication 
e x i s t s  between a d j a c e n t  ho l e s  and t h a t  
a r e a s  e x i s t  i n  t h e  gob t h a t  a r e  no t  being 
dra ined  by t h e  cross-measure boreholes .  
E i t h e r  t h e  cross-measure boreholes  should 

borehole .  Flow i s  high and p a r t i a l  be spaced c l o s e r  t o  one ano the r ,  o r  a  
vacuum i s  low i n  a  l o o s e  gob; i n  a  t i g h t  s u r f a c e  exhaus t e r  capab le  of a  l a r g e r  
gob flow i s  low and p a r t i a l  vacuum i s  f low a t  a  g r e a t e r  p a r t i a l  vacuum should 
high. be used. 



EFFECTS OF THE CROSS-MEASURE SYSTEM 

Methane e n t e r s  mine workings d u r i n g  
l o n g w a l l  mining from f r a c t u r e d  roof and 
f l o o r  s t r a t a  and from t h e  mined coalbed.  
V e n t i l a t i o n  and methane s u r v e y s  conducted 
a t  t h e  t a i l g a t e  of t h e  longwal l  showed 
t h a t  t h e  f low of methane from t h e  mined 
coa lbed  d u r i n g  mining was about  20 f t 3 /  
min (0.01 m3/s). During nonmining p e r i -  
o d s ,  t h e  f low was n e g l i g i b l e .  The con- 
t r i b u t i o n  of f l o o r  s t r a t a  t o  methane 
i n  t h e  gob i s  unknown. Coalbeds i n  t h e  
roof  s t r a t a  a r e  known methane s o u r c e  
beds. 

F i g u r e  19 shows t h a t  t h e  cross-measure 
b o r e h o l e  sys tem c a p t u r e d  abou t  50 p c t  of 

t h e  methane produced by t h e  mining 
o p e r a t i o n .  The o t h e r  h a l f  was removed by 
t h e  mine v e n t i l a t i o n  system. Methane 
f lows  i n  bo th  systems d e c l i n e d  d u r i n g  t h e  
l i f e  of t h e  panel .  

The e f f e c t  of t h e  cross-measure bore- 
h o l e  sys tem on methane i n  t h e  mine v e n t i -  
l a t i o n  sys tem was dramat ic .  F igure  20 
shows t h a t  t h e  methane f low i n  t h e  r e t u r n  
a i r  from t h e  longwal l  i n c r e a s e d  by a  
f a c t o r  of over  2  when t h e  cross-measure 
boreho le  system was n o t  i n  o p e r a t i o n .  
These d a t a  c l e a r l y  demons t ra te  t h e  e f f e c -  
t i v e n e s s  of t h e  boreho les  i n  c o n t r o l l i n g  
methane i n  t h e  gob. 

SUMMARY AND CONCLUSIONS 

The cross-measure boreho le  t e c h n i q u e  i s  
a  v i a b l e  method of c o n t r o l l i n g  methane i n  
gobs of r e t r e a t i n g  longwal l s  i n  t h e  Upper 
K i t t a n n i n g  Coalbed. About 50 p c t  of t h e  
methane produced by t h e  mining o p e r a t i o n  
was c a p t u r e d  by t h e  cross-measure bore- 
h o l e  system. Use of a n  e x h a u s t e r  w i t h  a  
h i g h e r  f low c a p a c i t y  and p a r t i a l  vacuum 
would i n c r e a s e  t h e  q u a n t i t y  of methane 
c a p t u r e d  by t h e  cross-measure boreho le  
system. 

Depth of p e n e t r a t i o n  i n t o  t h e  gob and 
i n c l i n a t i o n  of a  cross-measure bore- 
h o l e  a r e  two impor tan t  parameters  t h a t  
a f f e c t  t h e  q u a l i t y  and q u a n t i t y  of gob 
g a s  produced by a  borehole .  Borehole 
i n c l i n a t i o n  shou ld  be a t  l e a s t  31° (0.54 
r a d ) ,  and l a r g e r  a n g l e s  shou ld  be t e s t e d  
t o  de te rmine  i f  performance can be i m -  
proved f u r t h e r .  Borehole p e n e t r a t i o n  
i n t o  t h e  gob ( f i g .  5 ,  F) shou ld  be l i m -  
i t e d  t o  about  100 f t  ( 3 5  m). 
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Seven of t h e  12 c r o s s l n e a s u r e  boreho les  
produce w a t e r  r a n g i n g  from 1 t o  10 g a l / -  
min (3.8 t o  37.9 L/min). Gas-water sep-  
a r a t i o n  d e v i c e s  w i l l  be r e q u i r e d  on each  
boreho le  i f  t h e  main p i p e l i n e  i s  n o t  
s l o p e d  t o  d r a i n  water .  No c o r r e l a t i o n  
a p p e a r s  t o  e x i s t  between w a t e r  produc- 
t i o n  and t e r m i n a l  h e i g h t  of boreho les  
( f i g .  5, 2). 

The c ross -measure  boreho les  were spaced 
250 f t  (76 m) a l o n g  t h e  t e s t  panel .  
Communication t e s t s  between boreho les  

i n d i c a t e d  t h e  s p a c i n g  shou ld  be reduced 
o r  a l a r g e r  c a p a c i t y  e x h a u s t e r  shou ld  be 
employed t o  improve t h e  performance of 
t h e  c ross -measure  borehole  s y s  tem. The 
f i r s t  c r o s s l n e a s u r e  borehole  shou ld  be 
d r i l l e d  s o  t h a t  t h e  end of t h e  boreho le  
i s  about  100 f t  (30 m) from t h e  s t a r t i n g  
end of t h e  panel .  The end of h o l e  1 was 
about  27 f t  ( 8  m) from t h e  s t a r t i n g  end 
of t h e  t e s t  p a n e l  and i t  produced n e i t h e r  
a i r  nor  methane. Apparent ly  no f r a c t u r -  
i n g  o c c u r r e d  around h o l e  1. 
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