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REMOVING METHANE (DEGASIFICATION) FROM THE POCAHONTAS 
NO. 4 COALBED IN SOUTHERN WEST VIRGINIA 

by 

W. M a  Merritts, 1 C. Rw Waine,2 L. P. Mokwa, 3 and M a  J. Ackerman 

Tes t s  were conducted i n  t h e  Pocahontas No. 4 coalbed i n  southern  West 
V i r g i n i a  t o  determine i f  succes s fu l  d e g a s i f i c a t i o n  techniques ,  developed 
dur ing  an  e a r l i e r  s tudy  i n  t h e  P i t t s b u r g h  coa lbed ,  would b e  e f f e c t i v e  i n  
removing methane from those  u s u a l l y  more gaseous c o a l s .  

S p e c i a l l y  designed long-hole  d r i  1 li.ng equipment and Bureau of Mines 
cont inuous record ing  devices  were used t:o measure t h e  q u a n t i t y  and methane 
conten t  of t h e  v e n t i l a t i n g  a i r  during t h e  i n v e s t i g a t i o n .  In fus ions  were made 
w i t h  water  a t  normal w a t e r l i n e  p re s su re s  ranging from 200 t o  220 p s i  o r  a t  
pump p re s su re s  ranging from 400 t o  650 p s i ,  

Resu l t s  of t h e  t e s t s  showed t h a t  methane emissions from f ree- f low b l eede r  
h o l e s  were a s  much a s  131 cfm. In fus ions  of some of t h e  ho l e s  i nc reased  t h e  
methane emission from o the r  ho l e s  and from t h e  exposed coa l  s u r f a c e s  near  t h e  
working a r e a s  a s  much a s  1,540 cfm. The methane conten t  i n  t h e  main r e tu rn -  
a i r  c u r r e n t s  a f t e r  i n fus ion  was reduced more than 86 pe rcen t  of t h e  amount 
recorded b e f o r e  t e s t s  were made. 

INTRODUCTION 

Under a coope ra t i ve  agreement betwesen t h e  Bureau of Mines and t h e  Olga 
Coal Co., a f i e l d  s tudy  was undertaken a , t  t h e  Olga No. 2 mine, opera ted  i n  t h e  
Pocahontas No. 4 coalbed i n  southern  West V i r g i n i a ,  t o  remove methane from 
v i r g i n  c o a l  a r e a s  i n  advance of mining. This  s tudy concerns one phase of a 
broad Bureau program devoted t o  c o a l  mining r e sea rch .  General opinion i s  t h a t  
methane gas  i s  entrapped i n  vo ids  i n  t h e  coa lbed ,  i n  t h e  pores  of t h e  c o a l ,  

'n ining methods r e sea rch  engineer ,  P i t t s b u r g h  Mining Research Center ,  
P i t t s b u r g h ,  Pa. 

2 ~ s s i s t a n t  c h i e f  mining engineer ,  Olga Coal Co., Coalwood, W.  Va. 
3 ~ i n i n g  engineer ,  P i t t s b u r g h  Mining Research Cen te r ,  P i t t s b u r g h ,  Pa. 

Work on manuscript  completed January 1963. 



and i n  t h e  a d j a c e n t  s t r a t a .  I n  many i n s t a n c e s  where t h e  s t r a t a  have been d i s -  
t u rbed  by geo log i c  movements t h e  gas  has  escaped from t h e  coa lbeds  and i s  
conf ined  i n  pocke ts  and v o i d  spaces  i n  t h e  ove r ly ing  s t r a t a ,  u s u a l l y  under 
h igh  p r e s s u r e .  Gas emiss ions  dur ing  mining a r e  n e i t h e r  r e g u l a r  no r  cont inuous 
b u t  u s u a l l y  va ry  w i t h  t h e  r a t e  of c o a l  e x t r a c t i o n .  When methane i s  con ta ined  
i n  c r e v i c e s  under c o n s i d e r a b l e  p r e s s u r e ,  i t  may b e  r e l e a s e d  dur ing  mining i n  
l a r g e  gas  o u t b u r s t s  , 

High methane emiss ions  i n  c o a l  mines c r e a t e  p roduc t ion  problems, caus ing  
o p e r a t i o n a l  downtime of  h igh ly  p roduc t i ve  mining machines,  which i n  t u r n  
causes  s e v e r e  decreases  i n  p roduc t ion  r a t e s  and r e s u l t i n g  i n c r e a s e s  i n  pro- 
duc t i on  c o s t s .  

Before  con t inuous  mining equipment was used i n  American mines ,  under- 
ground ga s  emiss ions  t h a t  cou ld  n o t  b e  d i l u t e d  t o  a  harmless  m ix tu r e  by 
i n c r e a s i n g  t h e  volume of  v e n t i l a t i n g  a i r  occur red  i n  only a  few u l t r a g a s s y  
mines.  I n  a r e a s  where emiss ions  were  exces s ive ,  mining was d i s con t i nued  
u n t i l  t h e  methane cou ld  b e  d i l u t e d  t o  a  harmless  mix ture .  Downtime caused by 
ga s  accumulat ions  r e s u l t e d  i n  l o s s  of p roduc t ion  i n  such a r e a s ,  b u t  o f t e n  
o t h e r  producing a r e a s  of t h e  mine i nc r ea sed  produc t ion  t o  o f f s e t  t h i s  l o s s .  

The i n t r o d u c t i o n  of  t h e  m u l t i p l e  purpose cont inuous mining machines 
c r e a t e d  two a d d i t i o n a l  problems: (1)  The r a t e  of  e x t r a c t i o n  was more r a p i d ,  
u s u a l l y  i n c r e a s i n g  gas  emiss ions  and r e q u i r i n g  g r e a t e r  q u a n t i t i e s  of  v e n t i -  
l a t i n g  a i r  t o  d i l u t e  t h e  gas  and (2 )  t h e  bu lk  of  t h e  cont inuous mining 
machines v i r t u a l l y  p r ec ludes  cont inuous flow of  a i r  a c r o s s  t h e  f a c e ,  where 
ga s  may accumulate.  

Accumulations of methane i n  mine workings and subsequent  i g n i t i o n  have 
caused many coal-mine exp lo s ions ,  r e s u l t i n g  i n  l o s s  of  l i f e  and d e s t r u c t i o n  
of  p rope r ty .  Unless t h e  gas  i s  removed from t h e  f a c e  by some means, t h e  
emi t t ed  ga s  must b e  d i l u t e d  and rendered  harmless  by t h e  working f a c e  v e n t i -  
l a t i n g  a i r  c u r r e n t .  The re fo r e ,  l a r g e  volumes of a i r  must b e  c i r c u l a t e d  i n  
t h e s e  a r e a s  s o  t h a t  t h e  gas  can b e  removed from t h e  mine i n  a  harmless  mix ture .  
The problem of  ma in t a in ing  a  s a f e  c o n d i t i o n  a t  t h e  working f a c e s  r e q u i r e s  con- 
s t a n t  moni to r ing  of  t h e  methane con t en t  of  t h e  v e n t i l a t i n g  a i r .  

I f  d e g a s i f i c a t i o n  techn iques  can b e  a p p l i e d  s u c c e s s f u l l y  t o  remove gas  
from v i r g i n  c o a l  b e f o r e  and dur ing  mining,  they  would dec r ea se  o p e r a t i o n a l  
downtime and minimize t h e  hazards  i n h e r e n t  t o  e x c e s s i v e  gas  emiss ions .  

A survey  of f o r e i g n  p u b l i c a t i o n s  showed t h a t  p r a c t i c a l  and economical 
d e g a s i f i c a t i o n  techn iques  have been developed i n  t h e  Uni ted Kingdom, Europe, 
and o t h e r  major  coal-producing c o u n t r i e s .  A  r e c e n t  r e p o r t  s t a t e d  t h a t  135 
c o l l i e r i e s  removed more t han  17 b i l l i o n  cub i c  f e e t  o f  methane i n  1 9 5 8 . ~  

4 ~ o y d ,  W .  T . ,  and Harry Pe r ry .  D e g a s i f i c a t i o n  of Coalbeds i n  Advance of  
Mining. P r e s .  4 7 t h  Nat. S a f e t y  Cong. and Expos i t ion ,  Chicago, Oct. 20,  
1959, Trans .  Nat. Sa f e ty  Cong., v .  7,  1959, pp. 21-34. 



Review of t h e  l i t e r a t u r e  i n d i c a t e s  t h a t  European degas i f  i c a t i o n  tech- 
niques probably would no t  b e  adap tab l e  t o  e x i s t i n g  n a t u r a l  condi t ions  o r  
mining methods used by t h e  U.S. coa l  i ndus t ry .  Longwall mining i s  p r a c t i c e d  
ex t ens ive ly  i n  Europe, wh i l e  room-and-pillar mining predominates i n  t h e  United 
S t a t e s .  I n  longwall  mining t h e  roof  subssides  a s  mining p rog re s se s ,  r e s u l t i n g  
i n  r e d i s t r i b u t i o n  of roof  p r e s s u r e s ,  and breaking and cracking of t h e  overlying 
s t r a t a .  When t h e  p r e s s u r e  on t h e  longwall  f a c e  i s  r e l i e v e d  by t h e  breaking of 
t h e  over ly ing  s t r a t a ,  much of t h e  gas i n  t h e  coalbed i s  r e l e a s e d ,  some coming 
out  of t h e  working f a c e  and p e r c o l a t i n g  through c racks  i n  t h e  over ly ing  s t r a t a .  
I n  room-and-pillar mining, t h e  roof  p r e s s u r e  remains f a i r l y  s t a b l e  u n t i l  t h e  
p i l l a r s  a r e  removed dur ing  r e t r e a t  mining and t h e  gas  e n t e r s  t h e  mine workings,  
o r  remains i n  t h e  c o a l  p i l l a r s  and immediate ad j acen t  s t r a t a .  Other d i f f e r -  
ences i n  mining cond i t i ons  and p r a c t i c e s  such a s  t h e  number of beds worked 
s imultaneously , i n t e r v a l  between workable coa lbeds ,  a t t i t u d e  of t h e  beds ,  and 
t h e  c h a r a c t e r  of t h e  ad j acen t  s t r a t a  have a  marked e f f e c t  on t h e  success  of 
a l l  d e g a s i f i c a t i o n  techniques.  

An i n i t i a l  s t udy  of d e g a s i f i c a t i o n  methods a t  t h e  Humphrey No. 7 mine, 
opera ted  i n  t h e  P i t t s b u r g h  coalbed i n  no r the rn  West V i r g i n i a  was completed and 
t h e  r e s u l t s  publ ished.5 Because of t h e  encouraging r e s u l t s  of t h e s e  t e s t s ,  i t  
was decided t o  make a  s i m i l a r  s tudy  i n  t h e  Pocahontas No. 4 coalbed i n  southern  
West V i r g i n i a .  

The coopera t ion  and a s s i s t a n c e  of t h e  fol lowing mine o f f i c i a l s  of t h e  Olga 
No. 2 mine a r e  g r a t e f u l l y  acknowledged: D. C .  Ridenour,  gene ra l  manager; 
Homer Hickam, gene ra l  super in tendent ;  Adam Robinet t , ch ie f  mining and indus- 
t r i a l  engineer ;  Clarence  Hickam, gene ra l  mine foreman; R .  W .  Wotring, s a f e t y  
d i r e c t o r ;  and C .  A. Beasley, mining engineer .  

DEGASIFICATION TEST SITE 

Location 

The 5 L e f t  s e c t i o n  of t h e  Olga No. 2 mine, a  pen insu l a r  a r e a  of v i r g i n  
c o a l ,  Olga Coal Co., C a r e t t a ,  McDowell County, West Va., was s e l e c t e d  a s  a  
s tudy  s i te .  A t  t h i s  mine i r r e g u l a r  peninsula-shaped a r eqs  of c o a l  a r e  n e a r l y  
c u t  o f f  from t h e  main coalbed by want a r e a s  of s h a l e  and sandstone,  and 
usua l ly  t h e s e  a r e a s  a r e  ve ry  gassy.  

This  a r e a  was p a r t l y  mined b e f o r e  t h e  d e g a s i f i c a t i o n  s tudy  was begun, 
b u t  cons ide rab l e  opera t ing- t ime de lays  were experienced because of high-gas 
emissions.  Consequently t h e  s e c t i o n  was i d l e d  f o r  about  6 months t o  a l low 
gas  t o  d r a i n  from t h e  f a c e  a r e a s .  When mining was resumed, l a r g e  gas  emissions 
aga in  caused ope ra t i ng  de l ays ,  and soon t h e r e a f t e r  t h e  degas i f  i c a t i o n  work was 
begun. 

' ~ e r r i t t s ,  W. M . ,  W. N.  Poundstone, and B. A. L ight .  Removing Methane (Degasi- 
f i c a t i o n )  From t h e  P i t t s b u r g h  Coalbed i n  Northern West V i rg in i a .  BuMines 
Rept. of Inv. 5977, 1962, 39 pp. 



Coalbed 

T 
Mined 

andy shale 

Coal 

Binder 

Coal 

Shale and coal 

Dark sandy fireclay 

The Pocahontas No, 4 coalbed 
occurs i n  t h e  P o t t s v i l l e  series 
of t h e  Pennsylvanian period. It 
extends over an a r e a  of 155 square 
m i l e s  i n  Wyoming and McDowell Coun- 
t i e s ,  West Va., where i t  i s  about 
28 f e e t  below t h e  Pocahontas No. 5 
and 85 f e e t  above t h e  Pocahontas 
No. 3 coalbed. 

This coalbed is about 72 
inches t h i c k  and has a slabby 
s t r u c t u r e  a t  t h e  Olga No. 2 mine, 
where it lies about 600 f e e t  below 
t h e  su r face  i n  t h e  va l l eys  and 
approximately 1,600 f e e t  below t h e  
tops of t h e  mountains. The coal  
i s  s o f t ,  f r i a b l e ,  and tends t o  
slough from t h e  r i b s  a f t e r  being 
exposed t o  a i r .  A 112- t o  1-inch 
binder occurs i n  t h e  bed from 12 
t o  46 inches below t h e  roof. 
Figure 1 shows a t y p i c a l  columnar 
sec t ion  of t h e  immediate roof ,  
t h e  coalbed, and t h e  bottom i n  a 
minable area.  

In  want areas  t h e  coal  may be 
very t h i n  o r  e n t i r e l y  replaced by 
sha les  and sandstones. Figure 2 
shows a columnar sec t ion  of t h e  
immediate roof ,  t h e  coalbed, and 
t h e  bottom i n  a want area. The 
main roof usually is  sandy sha le  FIGURE 1. - Section of Pocahontas No. 4 Coal bed 
but may be laminated and contain 

at Olga No. 2 Mine. coal  par t ings  near  t h e  want areas .  

The f l o o r  i s  not  a f f e c t e d  by water but  w i l l  break during development and 
w i l l  heave excessively during p i l l a r  ex t rac t ion  i n  some areas.  

A t y p i c a l  ana lys i s  of coal  a t  t h i s  mine is  a s  follows: 

Moisture......... . . . . . . . . . . . . . . p  ercent  1.5 
V o l a t i l e  matter..................do... 16.0 
Fixed carbon.....................do... 77.5 
A~h.,............................do... 5.0 
Sulfur.................,........,do,.. 0.5 
C a l o r i f i c  value..........Btu per  pound 14,600 
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FIGURE 2. - Section of Pocahontas No. 4 
Coalbed in a Want Area at  
Olga No. 2 Mine. 

Mine Development 

The coalbed was en t e r ed  through f i v e  
s h a f t s ,  each approximately 680 f e e t  deep, 
and a  mu l t i p l e - en t ry  block system was 
used t o  develop t h e  coalbed. Main 
e n t r i e s  were developed i n  s e t s  of 8  t o  12 
except  i n  a r e a s  between wants where fewer 
were dr iven .  E n t r i e s  were dr iven  about  
16 f e e t  wide,  on 90-foot c e n t e r s ;  c ross -  
c u t s  were dr iven  on 80-foot  c e n t e r s ,  and 
p i l l a r s  were e x t r a c t e d  on r e t r e a t .  

The 5 L e f t  s e c t i o n  was developed by 
e i t h e r  f i v e  o r  seven e n t r i e s  ( f i g .  3 ) .  
A f t e r  t h e  main e n t r i e s  were advanced t o  
t h e  want a r e a ,  a  s e t  of f i v e  e n t r i e s ,  
des igna ted  a s  Right  S ide  e n t r i e s ,  were 
dr iven  t o  t h e  r i g h t  from e n t r y  1 of t h e  
5 L e f t  Main e n t r i e s .  When t h e  Right  
S ide  e n t r i e s  were extended t o  t h e  want 
a r e a ,  a  set  of f i v e  e n t r i e s ,  des igna ted  
a s  L e f t  S i d e  e n t r i e s ,  were dr iven  t o  t h e  
l e f t  from e n t r y  5 of t h e  5 L e f t  Main 
e n t r i e s .  Af t e r  t h e  L e f t  S ide  e n t r i e s  
were developed t o  t h e  want a r e a ,  f i v e  
roans were dr iven  t o  t h e  l e f t  from e n t r y  
1 of t h e  L e f t  S i d e  e n t r i e s .  A f t e r  t h e  
rooms were d r iven  160 f e e t ,  p i l l a r  
e x t r a c t  ion was begun. 

One r i p p e r -  t ype  cont inuous mining machine mined t h e  c o a l ,  loaded it 
d i r e c t l y  i n t o  c a b l e - r e e l  s h u t t l e  c a r s  t h a t  t r a n s p o r t e d  t h e  c o a l  t o  a  ramp,and 
then d ischarged  i t  i n t o  10-ton s t e e l  mine c a r s .  T r o l l e y  locomotives moved 
t h e  mine c a r s  t o  t h e  s h a f t  bottom, where self-dumping s k i p s  h o i s t e d  t h e  c o a l  
t o  t h e  su r f ace .  

During development, t h e  roof  w a s  supported by 4-foot- long roof  b o l t s  on 
4- foot  c e n t e r s  ac ros s  t h e  f a c e  and i n  t h e  d i r e c t i o n  of advance w i t h  r i b  b o l t s  
2  f e e t  from each r i b .  Percuss ion  d r i l l : ;  were used t o  d r i l l  t h e  roo f -bo l t  
ho l e s .  A f t e r  t h e  continuous miner advanced 20 f e e t ,  i t  was moved t o  another  
working p l a c e  w h i l e  roof  b o l t s  were i n s t a l l e d .  

During p i l l a r  mining, pos t s  w i t h  cr:ossbars were set  on 5-foot  c e n t e r s  t o  
suppor t  t h e  roof  i n s t e a d  of us ing  roof  b o l t s .  A f t e r  a p i l l a r  c u t  was mined, 
t h e  roof  w a s  supported temporar i ly  by two rows of pos t s  on 4-foot  c e n t e r s  
a c r o s s  t h e  f a c e ,  w i t h  two o r  more s teel  s a f e t y  jacks between t h e  last  row of 
p o s t s  and t h e  f ace .  

The mine w a s  c l a s s e d  gassy by t h e  West V i r g i n i a  Department of Mines and, 
a t  t h e  t ime  of t h e  s tudy ,  w a s  l i b e r a t i n g  about  6  m i l l i o n  cubic  f e e t  of methane 





pe r  day. About 872,000 cfm of a i r  was c i r c u l a t e d  through t h e  mine by two 
exhaust  f ans  and two f o r c e d - a i r  f ans .  

A s p l i t  system of  v e n t i l a t i o n  was used t o  d e l i v e r  9,300 t o  50,000 cfm of 
a i r  t o  t h e  l a s t  c r o s s c u t  i n  each s e c t i o n  and from 28,000 t o  75,000 c h  of a i r  
t o  t h e  i n t a k e  end of t h e  p i l l a r  l i n e s .  

I n  t h e  5  L e f t  s e c t i o n ,  120,000 c h  of a i r  was a v a i l a b l e  f o r  v e n t i l a t i o n .  
I n t a k e  a i r  was coursed through t h e  c e n t e r  e n t r i e s ,  s p l i t  nea r  t h e  a c t i v e  f a c e s ,  
and r e t u r n e d  through t h e  o u t s i d e  e n t r i e s  t o  a  78-inch-diameter upcas t  s h a f t  
(borehole)  shown i n  f i g u r e  3. This  s h a f t  was 700 f e e t  deep and equipped on 
top  w i t h  an  exhaust  fan .  

A i r  c u r r e n t s  w e r e  d i r e c t e d  t o  t h e  working f a c e s  by means of b r a t t i c e  
c l o t h  faced  w i t h  t h i n  s h e e t s  of  p l a s t i c  on t h e  h igh -p re s su re  s i d e  of t h e  
c l o t h  t o  minimize leakage .  By i n s t a l l i n g  l i n e  b r a t t i c e s  on t h e  r e t u r n  s i d e  
i n s t e a d  of t h e  i n t a k e  s i d e  of t h e  working p l a c e s ,  t h e  i n p u t  o f  v e n t i l a t i n g  
a i r  a t  t h e  f a c e s  was d i s t u r b e d  less f r e q u e n t l y ,  a s  mining equipment g e n e r a l l y  
could t r a v e l  t o  and from t h e  working p l a c e s  w i thou t  pass ing  under a  l i n e  
b r a t t i c e ,  o r  check c u r t a i n .  

F igu re  4 shows t h e  v e n t i l a t i n g  system,  g e n e r a l  arrangement of mining 
equipment, and sequence of  36 c u t s  f o r  advancing e n t r i e s  b e f o r e  d e g a s i f i c a t i o n  
tests. A t  t h e  t i m e  d e g a s i f i c a t i o n  tests w e r e  begun, a l t e r n a t e  e n t r i e s  1, 3 ,  
and 5  were being dr iven  80 f e e t  and e n t r i e s  2 and 4 were advanced i n  sequence 
w i t h  c r o s s c u t s  t o  connect  a l l  e n t r i e s .  The more d e s i r a b l e  p r a c t i c e  of advanc- 
i ng  e n t r i e s  consecu t ive ly  had been d i s con t inued ,  because t oo  many o p e r a t i o n a l  
de lays  had occur red  due t o  exces s ive  gas  l i b e r a t i o n s  a t  t h e  f ace s .  

While g r e a t e r  p roduc t ion  normally was r e a l i z e d  when e n t r i e s  were d r iven  
consecu t ive ly  than  when a l t e r n a t e  e n t r i e s  were d r iven ,  p roduc t ion  by t h e  
l a t t e r  p l an  i n c r e a s e d ,  because downtime t o  d i l u t e  gas  was reduced app rec i ab ly .  
From t h e  method used,  t h e  fo l lowing  advantages  were obta ined :  A l i m i t e d  num- 
b e r  of p l a c e s  were worked a t  one t i m e ;  t h e  amount of v e n t i l a t i n g  a i r  a t  t h e  
working f a c e s  could  b e  c o n t r o l l e d  more e f f e c t i v e l y  because l i n e  b r a t t i c e s  and 
check c u r t a i n s  were d i s t u r b e d  l e s s  f r e q u e n t l y ;  and gas  emissions a t  t h e  f a c e s  
could  be  d i l u t e d  more r e a d i l y .  

PREVIOUS DEGASIFICATION 

Prev ious  d e g a s i f i c a t i o n  a t  t h i s  mine was l i m i t e d  t o  (1) t h e  normal d ra in-  
age  of methane from l a r g e  b locks  of c o a l  o u t l i n e d  by b l eede r  e n t r i e s ,  and (2) 
i n  ve ry  gassy  s e c t i o n s ,  d r a inage  from v e r t i c a l  bo reho l e s ,  ranging from 6  t o  78 
inches  i n  d iameter ,  d r i l l e d  from t h e  s u r f a c e  t o  t h e  e n t r i e s  and used l a t e r  f o r  
v e n t i l a t i n g  upcas t  s h a f t s  .' 
6 Ridenour,  D o  C .  Core D r i l l i n g  of A i r  S h a f t s  and Manway P o r t a l s .  Min. Cong. 

J . ,  October 1957, pp, 99-101. 
V e n t i l a t i o n  by Large-Diameter Bloreholes. Paper p r e s .  a t  j o i n t  

meetings of  West V i r g i n i a  Coal Min. I n s t .  and C e n t r a l  Appalachian Sec t i on ,  
AIME, Nov. 1, 1958. Mechanization, v .  23, No. 3 ,  March 1959, pp. 69-70. 



FIGURE 4. - Sequence of Cuts to Advance a Set of Five Entries Before Degasification. 



By using a f o r c e  system of 
v e n t i l a t i o n ,  a d d i t i o n a l  v e n t i l a -  
t i o n  was obtained i n  h ighly  gas- 
eous a r e a s  and mixtures  were 
coursed d i r e c t l y  t o  t h e  s u r f a c e  
through boreholes  , thereby 
reducing t h e  quan t i t y  of gas and 
a i r  moved i n  t h e  main r e t u r n  
airways.  These methods, however, 
d i d  no t  e f f e c t i v e l y  reduce meth- 
ane  l i b e r a t i o n s  during subsequent 
mining. When the  blocks of coa l  
were mined, methane l i b e r a t i o n s  
a t  t h e  f aces  s t i l l  were h igh  and 
mining opera t ions  f r equen t ly  
were s topped t o  permit  t h e  ven- 
t i l a t i n g  a i r  t o  d i l u t e  t h e  meth- 
ane  t o  a s a f e  concent ra t ion .  

DEGASIFICATION EXPERIMENTS 

Free-Flow Drainage by Horizontal  
Bleeder Holes 

During t h e  d e g a s i f i c a t i o n  
s tudy ,  long h o r i z o n t a l  b leeder  
holes  were d r i l l e d  i n t o  t h e  coal-  
bed i n  advance of t h e  working 
faces  t o  determine t h e  amount of 
methane t h a t  could be  r e l e a s e d  
from t h e  ho le s  by f r e e  flow. 

Equipment 

D r i l l  

A hand-held pneumatic c o a l  
d r i l l  capable  of d r i l l i n g  long 
ho le s  r a p i d l y  was used t o  bore 
t h e  ho le s .  The d r i l l  stem con- 
s i s t e d  of a 10-foot  f l u t e d  auger  
having a 2- inch-diameter double- 
prong b i t  followed by hollow 10- 
f o o t  p i p e  extensions through 
which water  flowed t o  f l u s h  cut-  
t i n g s  from t h e  hole .  

FIGURE 5. - Bureau of Mines Continuous 
Methane Monitoring Device. 
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FIGURE 6. - Flow of Air  Samples Through Continuous Methane Monitoring Device. 

Continuous Methane Recorders 

Methane concentrat ions i n  t h e  r e tu rn -a i r  currents  were recorded on con- 
tinuous methane analyzing and recording devices. These continuous recording 
u n i t s  were designed and b u i l t  by Bureau engineers. Figure 5 shows an o v e r a l l  
view of one of t h e  methanometers. 

The recording u n i t  i s  b a t t e r y  powered. A i r  samples a r e  pul led  through 
f l e x i b l e  rubber tubing t o  t h e  methanometer by t h e  vacuum r e s u l t i n g  from t h e  
con t ro l l ed  expansion of dichlorodifluoromethane from a cylinder.  Analysis 
and recording of t h e  methane concentrat ion was continuous. 

The detec t ing  p r i n c i p l e  of t h e  instrument depends on t h e  change i n  
r e s i s t a n c e  r e s u l t i n g  from t h e  combustion of t h e  methane by an e l e c t r i c a l l y  
heated c a t a l y t i c  f i lament imbalancing a br idge  c i r c u i t .  Two fi laments 
(pellements) a r e  combined i n  a wheatstone-bridge c i r c u i t  i n  t h e  methane 
de tec to r  ( f ig .  6). One pellement is  a c t i v e  and one inact ive .  The i n a c t i v e  
pellement is  i d e n t i c a l  with t h e  a c t i v e  one except t h a t  it i s  not  impregnated 
wi th  a c a t a l y s t .  Upon app l i ca t ion  of cu r ren t  t o  t h e  br idge  c i r c u i t  both 
pellements hea t  t o  t h e  same temperature. I n  t h e  presence of methane t h e  tem- 
pe ra tu re  of t h e  a c t i v e  pellement increases  and produces a change i n  r e s i s t a n c e  



FIGURE 7. - Methane Analyzing and Recording Units. 

which imbalances t h e  b r idge  c i r c u i t .  The meter of t h e  recording u n i t  responds 
d i r e c t l y  t o  t h i s  change.7 Methane percentage i s  recorded on a carbon-backed 
c h a r t  a t  approximately 3-second i n t e r v a l s .  Figure 7 shows a closeup of t h e  
instrument .  

The source  of power f o r  t h e  b r idge  c i r c u i t  i s  a 2-112-volt rechargeable  
nickel-cadmium b a t t e r y .  A vol tmeter  and a v a r i a b l e  r e s i s t o r  c o n t r o l  t h e  v o l t -  
age i n  t h e  b r idge  c i r c u i t .  The energy f o r  powering t h e  c h a r t  d r i v e  of t h e  
record ing  s e c t i o n  of t h e  methane monitoring device  i s  provided by a 7-1/2- 
v o l t  d r y - c e l l  b a t t e r y .  

7 ~ e l l e r s ,  D. H. Developments i n  Methane Monitoring. Paper p re s .  49th N a t .  
Safe ty  Cong., Chicago, Oct. 16 t o  18, 1961, 9 pp. 



FIGURE 8. - Bureau of Mines Continuous Recording Anemometer. 

Recording Anemometers 

Bureau of Mines record ing  anemometers were used t o  record  cont inuously 
t h e  v e l o c i t i e s  of t h e  a i r  cu r r en t s  i n  t h e  main r e t u r n s  of t h e  5 L e f t  s ec t ion .  
One of t h e s e  v e l o c i t y  record ing  devices  i s  shown i n  f i g u r e  8. The anemometer 
i s  mounted on t h e  end of a  6-foot  length  of : r igid copper tubing.  I t s  vanes,  
when r o t a t i n g  i n  an a i r  c u r r e n t ,  i n t e r s e c t  a  beam of l i g h t  emi t t ing  from a  
l i g h t  bulb s e t  i n  t h e  housing of t h e  anemometer. The number of i n t e r s e c t i o n s ,  
depending on t h e  v e l o c i t y  of t h e  a i r  cu r r en t  around t h e  anemometer a r e  t r ans -  
mi t t ed  a s  e l e c t r i c  impulses t o  a  tachometer. Veloc i ty  of t h e  a i r  cu r r en t  i n  
f e e t  per  minute can b e  read  on t h e  v e l o c i t y  meter  and/or  recorded on a c h a r t  
f o r  a permanent record.  Two 6-vol t  dry c e l l s  and a  1-112-volt b a t t e r y  a r e  
used a s  t h e  source  of power f o r  t h e  tachometer and t h e  bulb ,  r e spec t ive ly .  



Miscellaneous 

I n  a d d i t i o n  t o  t h e  u n i t s  de sc r ibed ,  a d d i t i o n a l  equipment such a s  p o r t a b l e  
M.  S .A. W-8 and ~ i k e n '  methane d e t e c t o r s ,  oxygen and carbon d iox ide  a n a l y z e r s ,  
pe rmis s ib l e  flame s a f e t y  lamps, barometers ,  thermometers, psychrometers,  p i t o t  
t ubes ,  and volumeters were used. 

Procedure 

I n  previous Bureau degas i f  i c a t i o n  s t u d i e s  , more methane was l i b e r a t e d  
from t h e  r i b s  and f aces  of o u t s i d e  e n t r i e s  than from o t h e r  e n t r i e s  when mining 
i n  v i r g i n  coa l .  The re fo re ,  i n i t i a l  tests cons i s t ed  of d r i l l i n g  long b l eede r  
ho les  i n t o  t h e  s o l i d  r i b  of t h e  f a c e  of each o u t s i d e  e n t r y  of t h e  5 L e f t  Main 
e n t r i e s  under development and measuring t h e  gas  emissions from t h e  ho l e s .  The 
i n i t i a l  tes t  a r e a  was about 2,400 f e e t  irlby t h e  upcas t  v e n t i l a t i o n  s h a f t .  

A l l  d r i l l i n g  was done on t h e  i n t a k e  a i r  end of t h e  l i n e  b r a t t i c e  s o  t h a t  
any gas r e l e a s e d  would flow d i r e c t l y  i n t o  t h e  r e t u r n s .  Two-inch-diameter 
ho l e s  were d r i l l e d  t o  depths  ranging from 30 t o  230 f e e t  a t  va r ious  angles  t o  
t h e  d i r e c t i o n  of t h e  headings.  The ho le s  were pos i t i oned  s o  t h a t  t h e  gas would 
be  emi t ted  d i r e c t l y  i n t o  t h e  r e t u r n s  when t h e  c r o s s c u t s  connect ing t h e  e n t r i e s  
were dr iven .  I n  a d d i t i o n  t o  r i b  ho l e s ,  s e v e r a l  ho l e s  were d r i l l e d  i n  advance 
of t h e  c e n t e r  en t ry .  

P re s su re s ,  v e l o c i t i e s ,  and methane c~oncen t r a t i on  of t h e  gas were measured 
t o  r eco rd  t h e  gas emissions from t h e  ho l e s .  A t  s e l e c t e d  p l aces  i n  t h e  imme- 
d i a t e  r e t u r n - a i r  cou r se s ,  a i r  v e l o c i t i e s  and e n t r y  dimensions w e r e  taken t o  
compute t h e  volume of v e n t i l a t i n g  a i r .  Methane percentages were r ead  simul- 
t aneous ly  on a Riken o r  on M.S.A. W-8 methane d e t e c t o r ,  and t h e  q u a n t i t y  of 
methane i n  t h e  a i r  was computed. 

The q u a n t i t y  and q u a l i t y  of t h e  a i r  cours ing  through t h e  main r e t u r n  a i r -  
ways were determined from d a t a  recorded by continuous methane r eco rde r s  and 
record ing  anemometers. The l o c a t i o n  of t:hese ins t ruments  i n  t h e  main r e t u r n  
airways i s  i n d i c a t e d  by f i g u r e  3 .  The anemometers were pos i t i oned  i n  t h e  
v e r t i c a l  c r o s s - s e c t i o n a l  p l ane  of t h e  airways a t  t h e  p o i n t  of average  v e l o c i t y  
determined by anemometer t r a v e r s e s .  

Resu l t s  

A t  t h e  end of t h e  l a s t  ope ra t i ng  s h i f t  and 2 days b e f o r e  t h e  beginning of 
t h e  d e g a s i f i c a t i o n  s tudy ,  t h e  amount of methane i n  t h e  immediate r e t u r n - a i r  
c u r r e n t s  was 800 cfm and i n  t h e  main r e t u r n - a i r  c u r r e n t s  i t  was 2,000 cfm. 

While conducting t h e  d e g a s i f i c a t i o n  tes ts ,  19 h o r i z o n t a l  b l eede r  ho l e s  
were d r i l l e d  during t h e  development of 9,000 f e e t  o f  e n t r i e s .  A l l  ho l e s  
except two emi t ted  gas  dur ing  d r i l l i n g  ope ra t i ons  and cont inued t o  do s o  f o r  

-- -- - -- - 

8 Reference t o  s p e c i f i c  models of equipment mentioned i n  t h i s  p u b l i c a t i o n  i s  
made t o  f a c i l i t a t e  understanding and does no t  imply endorsement by t h e  
Bureau of Mines. 



v a r i e d  lengths  of time. Shor t ly  a f t e r  completion of d r i l l i n g  a h o l e ,  t h e  
v e l o c i t y  and percentage  of gas  i s s u i n g  from i t  w a s  measured and t h e  r a t e  of 
flow determined; t h e  shut - in  p re s su re  a l s o  was measured. As expected, va r i a -  
t i o n s  occurred i n  t h e  d r i l l i n g  t ime,  t h e  quan t i t y  of gas l i b e r a t e d  during 
d r i l l i n g ,  t h e  shu t - in  p re s su res ,  and t h e  t o t a l  t ime gas i ssued  from t h e  ho le s .  
General ly ,  emission of gas increased  wi th  t h e  depth of h o l e  during d r i l l i n g ,  
bu t  very  l i t t l e  gas  was de t ec t ed  i n  t h e  f i r s t  10 f e e t .  

Table 1 summarizes t h e  a c t u a l  d r i l l i n g  t ime,  and t h e  amount of methane 
r e l e a s e d  i n t o  t h e  immediate r e t u r n - a i r  courses  wh i l e  d r i l l i n g  holes  1 and 2. 
Holes 1 and 2  were d r i l l e d  when t h e  mine w a s  i d l e  and 2  days a f t e r  t h e  l a s t  
opera t ing  s h i f t .  Immediately be fo re  d r i l l i n g ,  t h e  quan t i t y  of methane i n  t h e  
immediate r e t u r n - a i r  c u r r e n t s  was 480 cfm and i n  t h e  main r e t u r n - a i r  c u r r e n t s  
was 1,270 cfm. When h o l e  1 was completed a t  t h e  f a c e  of en t ry  5 ,  t h e  amount 
of gas emit ted i n t o  t h e  r i g h t  immediate r e t u r n  a i r  remained unchanged u n t i l  
d r i l l i n g  began a t  h o l e  2. One hour was r equ i r ed  t o  t r a n s p o r t  t h e  d r i l l i n g  
equipment from h o l e  1 t o  t h e  l o c a t i o n  of h o l e  2  and t o  prepare  f o r  d r i l l i n g  
h o l e  2. 

TABLE 1. - D r i l l i n g  t i m e  and methane r e l e a s e d  i n t o  immediate r e t u r n s  
wh i l e  d r i l l i n g  holes  1 and 2  

Remarks 

S t a r t  d r i l l i n g .  - 

Hole 

I......... - 
Fin i sh  d r i l l i n g .  - 

Depth 
of h o l e ,  

f e e t  
- 
- 
- 

15 5  
155 

Elapsed 
d r i l l i n g  t ime,  

min - 
5 

3  5 
45 
6  0  

S t a r t  d r i l l i n g .  - 
Fin i sh  d r i l l i n g .  - 

Methane r e l e a s e d ,  cfml 

Table 2  summarizes t h e  a c t u a l  d r i l l i n g  t ime and t h e  amount of methane 
r e l ea sed  i n t o  t h e  main r e t u r n - a i r  courses  during t h e  d r i l l i n g  of ho les  13 
through 17. 

L e f t  
r e t u r n  

264 - 
326 - 
342 

I \ 230 I 85 I 326 1 - 

Table 3  is  a  summary of p e r t i n e n t  da t a  f o r  a l l  t h e  h o r i z o n t a l  b leeder  
ho le s .  On completion of ho les  2  and 7, t h e  v e l o c i t y  of gas was 6,000 fpm, and 
each of t h e  two ho le s  emi t ted  131  cfm of  gas (188,600 cubic  f e e t  per  day). 
Desp i t e  cons ide rab le  leakage through cracks i n  t h e  c o a l  a t  t h e  c o l l a r  of t h e  
h o l e ,  h o l e  2  had a shu t - in  p re s su re  of 63 p s i .  The shu t - in  p re s su re  of h o l e  7  
was only 5.8 p s i .  The da t a  show t h a t  t h e  g r e a t e s t  amount of methane w a s  
r e l e a s e d  from r i b  ho le s  i n  t h e  o u t s i d e  e n t r i e s .  

Right 
r e t u r n  

2  16 
2  16 - 
- 

2 16 

- 
 ethane r e l e a s e d  inc ludes  emission from d r i l l  ho les  p lus  normal emission. 
' ~ u s h  of methane from h o l e  2  when d r i l l  stems and auger  were removed. 



TABLE 2.  - D r i l l i n g  t ime and methane r e l e a s e d  i n t o  main r e t u r n s  
whi le  d r i l l i n g  h o l e s  13 through 17 

Hole 
Depth 

of h o l e ,  
f e e t  

D r i l l i n g  
t ime , 
min 

Methane r e l e a s e d .  c£ml 
L e f t  I Right 

r e t u r n  r e t u r n  
Remarks 

S t a r t  d r i l l i n g .  
F i n i s h  d r i l l i n g .  

S t a r t  d r i l l i n g .  
F i n i s h  d r i l l i n g .  

S t a r t  d r i l l i n g .  
F i n i s h  d r i l l i n g .  

S t a r t  d r i l l i n g .  
F i n i s h  d r i l l i n g .  

S t a r t  d r i l l i n g .  
F i n i s h  d r i l l i n g .  

'   ethane r e l e a s e d  inc ludes  emission from d r i l l  ho les  p lus  normal emission. 
2 ~ e t h a n e  emit ted from h o l e  13 a f t e r  d r i l l i n g  was only 0.4 c£m. 
3 ~ o  p e r c e p t i b l e  emission of gas from h o l e  15. 

When a  b leeder  h o l e  was s e a l e d  near  i t s  c o l l a r ,  and provided no mining was 
done i n  t h e  immediate a r e a ,  t h e  t i m e  r e q u i r e d  f o r  t h e  gas t o  reach maximum s h u t - i n  
p r e s s u r e  ranged from s e v e r a l  minutes t o  s e v e r a l  hours.  A f t e r  maximum p r e s s u r e  was 
reached,  i t  was p o s s i b l e  t o  open t h e  s e a l ,  b leed  o f f  t h e  g a s ,  r e s e a l  t h e  h o l e ,  and 
aga in  reach t h e  previous  s h u t - i n  p ressure .  ,A p r e s s u r e  gage connected t o  t h e  s e a l  i n  
t h e  h o l e  f l u c t u a t e d  cont inuously  u n t i l  t h e  maximum p r e s s u r e  was reached; t h e s e  
f l u c t u a t i o n s  were more pronounced where t h e r e  was l e s s  leakage around t h e  s e a l .  

Genera l ly ,  gas emissions from b leeder  h o l e s  immediately a f t e r  d r i l l i n g  
inc reased  t h e  amount of methane i n  t h e  r e t u r n  a i r  above t h e  amount b e f o r e  d r i l l i n g ,  
and t h e  i n c r e a s e  was a s  much a s  200 c h .  However, i n  a  few except ional  i n s t a n c e s ,  
methane was emit ted i n  sporad ic  gushes up t o  400 c£m immediately a f t e r  d r i l l i n g .  

Methane concen t ra t ions  i n  t h e  immediate r e t u r n - a i r  c u r r e n t s  were measured wi th  
p o r t a b l e  Riken and M.S.A. W-8 methane d e t e c t o r s .  The readings  i n d i c a t e d  t h a t  
o c c a s i o n a l l y ,  a f t e r  b leeder  h o l e s  were d r i l l e d  a t  t h e  faces  of t h e  o u t s i d e  e n t r i e s  
a t  a  p r o j e c t e d  c r o s s c u t ,  a  s l i g h t  r educ t ion  i n  t h e  amount of methane r e l e a s e d  was 
r e a l i z e d  a t  t h e  working f a c e s  dur ing mining opera t ions .  This  reduc t ion  i n  methane 
l i b e r a t i o n  a t  t h e  f a c e  a r e a ,  however, w a s  only temporary and t h e  methane content  i n  
t h e  f a c e  v e n t i l a t i n g  a i r  g r a d u a l l y  inc reased  a s  e n t r i e s  advanced inby t h e  c rosscu t .  
A f t e r  e n t r i e s  were dr iven about 40 f e e t  beyond t h e  c r o s s c u t  o r  one-half  t h e  d i s t a n c e  
t o  t h e  nex t  c r o s s c u t ,  t h e  amount of methane i n  t h e  a i r  aga in  approached t h e  amount 
recorded b e f o r e  t h e  h o l e s  were d r i l l e d .  Consequently, a s u s t a i n e d  reduc t ion  of 
methane r e l e a s e s  a t  t h e  working f a c e s  w a s  n o t  r e a l i z e d .  The methane concen t ra t ion  
read ings  i n  t h e  immediate r e t u r n  a i r  r e f l e c t e d  t h e  changes i n  methane emissions a t  
t h e  working f a c e s ;  t h e  methane concen t ra t ion  readings  i n  t h e  main r e t u r n  a i r  
included n o t  only t h e  f a c e  gas emissions,  b u t  a l s o  gas emissions a long t h e  s o l i d  
r i b s  between t h e  sampling p o i n t s  i n  t h e  immediate and main r e t u r n s .  
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The long h o r i z o n t a l  b l eede r  ho l e s  were d r i l l e d  a t  va r ious  t i m e s  wh i l e  
developing t h e  5  L e f t  Main e n t r i e s  and t h e  L e f t  S i d e  e n t r i e s .  Some of t h e s e  
b l e e d e r  h o l e s  were used a l s o  f o r  wa t e r - i n fus ion  purposes b e f o r e  a l l  ho l e s  
were d r i l l e d .  

Water I n fus ion  of Hor i zon t a l  Bleeder  Holes 

Water i n f u s i o n s  were made i n  s e v e r a l  of t h e  b l e e d e r  ho l e s .  The i n j e c t e d  
wa te r  probably i n f i l t r a t e d  t h e  n a t u r a l  c r e v i c e s  o r  c l e a t  p lanes  w i t h i n  t h e  
coalbed and d i s p l a c e d  t h e  gas .  I n i t i a l  wate r  i n f u s i o n  s t u d i e s  by t h e  Bureau 
were made t o  c o n t r o l  a i r -bo rne  dus t  by i nc r ea s ing  t h e  s u r f a c e  mo i s tu r e  of  t h e  
c o a l  i n  advance of mining. These s t u d i e s  showed t h a t  i n  a d d i t i o n  t o  a l l a y i n g  
d u s t ,  wa t e r  i n f u s i o n  a l s o  p a r t i a l l y  d e g a s i f i e d  t h e  c o a l  i n  p l a c e  a t  t h e  work- 
i ng  f ace s .  9 

A l a t e r  s t udy  on t h e  removal of gas  from t h e  P i t t s b u r g h  coalbed b e f o r e  
mining showed t h a t  i n f u s i o n s  of gas  b l eede r  ho l e s  proved e f f e c t i v e  i n  increas -  
i n g  t h e  r e l e a s e  of gas  from t h e  s o l i d  c o a l  above t h a t  r e l e a s e d  by f r e e  flow. 
Because of t h e s e  r e s u l t s ,  tests  were made t o  determine t h e  e f f e c t  of wate r  
i n f u s i o n  on t h e  r e l e a s e  of gas  from s o l i d  c o a l  i n  t h e  Pocahontas No. 4  coalbed.  

Water used t o  i n f u s e  t h e  coalbed f o r  d e g a s i f i c a t i o n  tests was ob ta ined  
from an  underground s t ream encountered about  100 f e e t  below t h e  s u r f a c e  w h i l e  
d r i l l i n g  t h e  v e n t i l a t i n g  s h a f t  i n  t h e  5  L e f t  s e c t i o n .  The wa te r  was c o l l e c t e d  
by a  wate r  r i n g  i n  t h e  s h a f t  and p iped  t o  t h e  working p l ace s  through 2-inch 
and 3  14-inch p i p e l i n e s .  

A t  p rear ranged  connect ion p o i n t s  a long  t h e  314-inch p i p e l i n e ,  50- f o o t  
l eng ths  of 314-inch h igh -p re s su re  hose  were connected t o  o b t a i n  water f o r  
water- i n f u s i o n  experiments.  The s t a t i c  w a t e r l i n e  p r e s s u r e  a t  t h e  working 
a r e a ,  because of  t h e  d i f f e r e n c e  i n  e l e v a t i o n  between t h e  sou rce  of wate r  and 
t h e  f a c e  r eg ion ,  w a s  about  220 p s i .  Normal w a t e r l i n e  p r e s su re s  ranged from 
200 t o  220 p s i .  Waterflow dur ing  i n fus ions  was measured w i t h  a flowmeter. 

Equipment 

A h igh-pressure  pump w a s  used t o  produce p r e s su re s  above t h e  normal water-  
l i n e  p r e s s u r e s .  The pump was a t r i p l e x - p l u n g e r  t y p e  capable  of d e l i v e r i n g  up 
t o  35 gpm of water a t  a  p r e s s u r e  of  400 p s i .  P r e s s u r e  adjustment  cou ld  b e  
made t o  o b t a i n  p r e s su re s  up t o  650 p s i .  F igu re  9  shows t h e  g e n e r a l  arrangement 
of t h e  wate r  p i p e l i n e s  a t  t h e  pump s i te .  This  arrangement pe rmi t t ed  t h e  wate r  
t o  flow through t h e  pump t o  t h e  l o c a t i o n  where i t  was t o  b e  used a t  normal 
w a t e r l i n e  p r e s su re s  when t h e  pump was n o t  i n  ope ra t i on .  

F igu re  10  shows d e t a i l s  of  a  wa t e r - i n fus ion  s e a l .  When t h e  s e a l  w a s  
i n s e r t e d  i n  a  h o l e  and t h e  inby n u t  t i g h t e n e d ,  t h e  1- inch p i p e  was moved 
toward t h e  c o l l a r  of  t h e  ho l e .  This  compressed t h e  rubber  washers ,  causing 

' ~ a c k s o n ,  E.  O., and W .  M. Merritts. Water I n fus ion  of Coal P i l l a r s  Before  
Mining, Independent Coal & Coke Co., Keni lworth,  Utah. BuMines Rept.  of 
Inv.  4836, 1951, 25 pp. 



Heading 
High-pressure 

Pump 

FIGURE 9. - Plan of Pipeline Installation at High-Pressure Pump. 

them t o  expand and g r i p  t h e  w a l l  of t h e  h o l e  f i r m l y ,  making a  w a t e r t i g h t  s e a l .  
The outby n u t s  a c t e d  as jam n u t s  t o  keep t h e  112-inch p i p e  from tu rn ing  when 
t h e  inby n u t  was tu rned  t o  r e l e a s e  t h e  rubber  washers f o r  removal of t h e  s e a l .  

I n  some water - infus ion  tests a we t t i ng  agent  was added t o  i n c r e a s e  t h e  
p e n e t r a t i o n  e f f e c t  of  t h e  w a t e r  s o l u t i o n .  Wetting agen t s  reduce t h e  i n t e r -  
f a c i a l  t ens ion  between t h e  s o l i d  and t h e  l i q u i d .  The l i q u i d  we t t i ng  agent  
was i n j e c t e d  i n t o  t h e  i n f u s i o n  w a t e r  by means of a constant-volume gea r  pump 
a t  t h e  r a t e  of  144 c c  pe r  minute. 
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FIGURE 12. - Dark Areas Are Wet Coal Surfaces Caused by Water Oozing From Coal 
During Infusion. 

Procedure 

Some of t h e  b leeder  ho le s  were in fused  wi th  water  under p re s su re  t o  de te r -  
mine t h e  e f f e c t  of emission of gas  from t h e  f a c e  and r i b s  compared wi th  f r e e  
flow. F igure  11 shows a t y p i c a l  arrangement of t h e  equipment used t o  i n f u s e  
a  b leeder  ho le .  

The water  i n fus ion  s e a l  u sua l ly  was s e t  about  3 f e e t  i n  t h e  hole .  I f  t h e  
coa l  a t  t h e  c o l l a r  of t h e  h o l e  was badly cracked permi t t ing  t h e  water  t o  l eak  
p a s t  t h e  s e a l ,  t h e  s e a l  was s e t  deeper i n  t h e  hole .  

The pa th  and d i s t r i b u t i o n  of t h e  water  i n j e c t e d  i n t o  t h e  h o l e  were t r aced  
by no t ing  s m a l l  gas-water bubbles appearing on coa l  su r f aces  a t  t h e  f a c e  and 
g radua l ly  spreading t o  ad j acen t  f aces  and r i b s ,  f i g .  12. Occasional ly,  f luo-  
r e s c e n t  dye w i t h  a l k a l i  added t o  make t h e  dye more s o l u b l e  i n  water  w a s  
i n j e c t e d  i n t o  t h e  in fus ion  water .  The progress  of t h e  infused  water  was t r a c e d  
by means of an u l t r a v i o l e t  l i g h t  approved f o r  u se  i n  gassy mines. 



The fol lowing d a t a  were recorded f o r  each infus ion:  Rate  of  waterflow 
i n t o  t h e  h o l e ,  p r e s s u r e  of  water  f eed ,  p re s su re  a t  i n fus ion  s e a l ,  and t h e  
quan t i t y  and methane content  of a i r  passing e s t a b l i s h e d  sampling p o i n t s  i n  
t h e  f a c e  a r e a .  I f  water  remained s e a l e d  i n  t h e  h o l e  a f t e r  i n fus ion ,  t h e  
s ea l ed - in  p re s su re  a l s o  was measured. 

In fus ion  of Bleeder Holes i n  5  L e f t  Main En t r i e s  

When developing t h e  5  L e f t  Main e n t r i e s ,  12 h o r i z o n t a l  b l eede r  holes  were 
d r i l l e d  i n  t h e  coalbed ahead of mining opera t ions  t o  remove t h e  gas.  Holes 1, 
2 ,  3, 11, and 12 were water  i n fused  t o  determine i f  a d d i t i o n a l  q u a n t i t i e s  of 
gas could be  removed by t h i s  method. A summary of t h e  in fus ion  da t a  i s  given 
i n  t a b l e  4. 

Holes 1, 2 ,  and 3 were infused  when t h e  mine was i d l e  because of vaca- 
t i o n s .  The l o c a t i o n  of t h e s e  holes  r e l a t i v e  t o  t h e  faces  is  shown i n  f i g u r e  
13. A t  t h e  end of t h e  in fus ion  of h o l e  1, t h e  water was s e a l e d  i n  t h e  h o l e  
and t h e  sea l ed - in  p re s su re  reached 90 p s i .  This  p re s su re  increased  t o  110 
p s i  i n  t h e  next  20 hours and decreased t o  60 p s i  a t  t h e  end of 50 a d d i t i o n a l  
hours.  F igure  14 i s  a graph of p re s su re  versus  t ime a f t e r  i n fus ion  of h o l e  1. 
Near t h e  end of  t h e  in fus ion  per iod ,  water  seepage w a s  noted ac ros s  t h e  f a c e  
and 14 f e e t  outby t h e  f a c e  along t h e  l e f t  r i b  of e n t r y  5. Hole 1 was infused  
aga in  f o r  29 minutes and s e a l e d  f o r  47 hours ,  and wi th in  t h i s  t ime t h e  sealed-  
i n  p re s su re  decreased from 90 t o  50 p s i .  

Following t h e  second in fus ion ,  h o l e  1 was infused  s imultaneously wi th  
ho le  2 .  Af te r  t h e s e  in fus ions ,  h o l e  3 was d r i l l e d  and infused  10 times. The 
r e s u l t s  of t h e  f i r s t  i n fus ion  a r e  presented  s e p a r a t e l y ,  wh i l e  t h e  o the r  n i n e  
a r e  presented  c o l l e c t i v e l y  i n  t a b l e  4.  Based on t h e  quan t i t y  of methane 
removed, t h e  increased  r e l e a s e  of methane per  day ranged from 131,000 t o  
737,300 cubic f e e t  i n  t h e  immediate r e t u r n s  and from 744,500 t o  1,890,700 
cubic  f e e t  i n  t h e  main r e t u r n s .  

Because t h e  foregoing in fus ion  t e s t s  were performed whi le  t h e  mine was 
i d l e ,  l a r g e r  amounts of methane were removed than  would have been adv i sab le  
when t h e  mine was opera t ing .  During opera t ing  s h i f t s  water  i n fus ion  pressures  
were reduced t o  lower t h e  amount of  methane r e l e a s e d  by r e g u l a t i n g  t h e  r a t e  of 
water  i n j e c t i o n  between 2  t o  4  gpm t o  main ta in  a  water - infus ion  s e a l  p re s su re  
of only 50 p s i .  

A t  t h e  c l o s e  of t h e  f i r s t  opera t ing  s h i f t  fol lowing vaca t ion ,  mine o f f i -  
cials s t a t e d  t h a t  no gas was de t ec t ed  a t  t h e  a c t i v e  working f aces  i n  t h e  
infused  a r e a .  I n  t h e i r  opinion,  a i r b o r n e  dus t  was decreased,  v i s i b i l i t y  was 
inc reased ,  and t h e  coa l  mined e a s i e r .  Shu t t l e - ca r  roadways were damp and 
compacted. 

Hole 3 w a s  i n fused  t h r e e  t imes a t  t h r o t t l e d  p re s su res  under opera t ing  
s h i f t s  f o r  3  succes s ive  days. In fus ions  were stopped when s h i f t s  were no t  
opera t ing ;  water  was sea l ed  i n  t h e  h o l e ,  and sea l ed - in  p re s su res  of about 20 
p s i  w e r e  recorded.  Data c o l l e c t e d  during t h e s e  t h r o t t l e d  in fus ions  a r e  given 
i n  t a b l e  4.  
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LEGEND 

1-5 Entry numbers Permanent stopping 
HBH 1 - Intake air M Curtain 

M Return air -- Line brattice 
HBH Horizontal bleeder 

hole HBH 3 

------- 
1 - r------ 

t I 
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t 
Air lock f / 

I t  ! 
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I _I 
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1 

FIGURE 13. - Plan of 5 Left Entry Faces at Time of Drilling Holes 1, 2, and 3. 

TIME, hours 

FIGURE 14. - Water-Infusion Seal Pressures During, and Sealed-in Pressures 
After Infusion at Hole 1 Versus Time. 



FIGURE 15. - Plan of 5 Left  Entries at  the Time Holes 11 and 12 Were Drilled. 
Shows locations of holes 1 through 12, and 12 places air measure- 
ments were taken. 

A s  t h e  5 L e f t  Main e n t r i e s  were advanced, b l eede r  ho l e s  4  through 12 were 
d r i l l e d  a t  t h r e e  succes s ive  c r o s s c u t s  inby ho le s  1, 2 ,  and 3 a s  shown i n  
f i g u r e  15. Holes 11 and 12 w e r e  i n fused  a l t e r n a t e l y  dur ing  i d l e  s h i f t s  u n t i l  
h o l e  11 had been in fused  t h r e e  t i m e s ,  and h o l e  12 in fused  twice.  

Before h o l e  11 was in fused ,  32,500 c h  of a i r  conta in ing  1.8 percent  
methane (585 c h )  was measured i n  t h e  l e f t  main r e t u r n  and 44,500 c h  contain-  
i ng  0.7 pe rcen t  methane (312 c h )  was measured i n  t h e  r i g h t  main r e t u r n .  
Following 30 minutes of i n f u s i o n  a t  h o l e  11, t h e  methane con ten t  i n  t h e  l e f t  
main r e t u r n  i nc reased  t o  2.35 pe rcen t  (764 c h ) .  Also, a f t e r  60 minutes of 
i n f u s i o n  a t  h o l e  11, t h e  methane con ten t  i n  t h e  r i g h t  main r e t u r n  increased  
t o  0.90 pe rcen t  (400 c h ) .  Po r t i ons  of t h e  record ing  c h a r t s  showing t h e s e  
methane inc reases  a r e  reproduced i n  f i g u r e  16. 

Af t e r  about 3  hours  of i n f u s i o n  of h o l e  12 ,  t h e  a u x i l i a r y  exhaust fan  a t  
t h e  top  of t h e  upcas t  s h a f t  was s topped f o r  150 minutes and aga in  f o r  30 min- 
u t e s  f o r  r o u t i n e  id le -day  maintenance when a l l  personnel  were ou t  of t h e  
mine. Although t h e  volume of methane i n  t h e  main r e t u r n s  remained t h e  same 
dur ing  fan  s toppages ,  t h e  percentage  of methane inc reased  m a t e r i a l l y  because 
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LEGEND 
1-5 Entry numbers - Intake air 
-4 Return air 
# Permanent stopping 
t--c Curtain 

FIGURE 18. - Sequence of Cuts to Advance a Set of Five Entries in Consecutive Order. 

approximately 50 percent  less air w a s  being c i r c u l a t e d .  Sect ions of t h e  
recording c h a r t s ,  showing t h e  v a r i a t i o n s  i n  t h e  percentage of methane i n  t h e  
main r e t u r n - a i r  c u r r e n t s  when t h e  f i r s t  fan  was s topped,  are reproduced i n  
f i g u r e  17. 

Before t h e  second in fus ion  of holes  11 and 12,  ho le  12 w a s  s e a l e d  and a 
p res su re  of 0.5 p s i  was measured. Af t e r  150 minutes of i n fus ion ,  t h e  p res su re  
increased  t o  7 p s i .  The seal then  w a s  opened and gas conta in ing  70 percent  
methane i s sued  from t h e  112-inch opening a t  a v e l o c i t y  of 6,000 fpm. Hole 12 
w a s  s ea l ed  aga in  and in fus ion  of ho le  11 continued f o r  150 a d d i t i o n a l  minutes ,  
and t h e  sea led- in  p res su re  i n  ho le  12 r o s e  t o  9 p s i .  I n  t h e  f i r s t  hour of 
i n fus ion ,  water  seepage, as noted on t h e  exposed coa l  su r faces  surrounding t h e  
c o l l a r  of h o l e  11, t r a v e l e d  21  f e e t  l ong i tud ina l ly  and 0.25 f e e t  v e r t i c a l l y .  
N e a r  t h e  end of i n fus ion  of h o l e  11, t h e  ou t s ide  r i b s  of e n t r i e s  1 and 5 were 
w e t  160 f e e t  outby t h e  f aces ;  a l l  t h e  faces  on t h e  s e c t i o n  were wet ,  and w a t e r  
was dr ipping  from holes  6 through 10. 

Immediately a f t e r  t h e  second in fus ion  of h o l e  11 w a s  s topped,  h o l e  12 was 
infused  a  second t i m e .  Twenty-four hours a f t e r  t h i s  i n fus ion ,  h o l e  11 was 
infused  a t h i r d  t i m e .  A summary of t h e  in fus ion  da ta  i s  given i n  t a b l e  4 .  



A f t e r  t h i s  t e s t  was completed, methane l i b e r a t i o n s  a t  t h e  f a c e  w e r e  
reduced s u f f i c i e n t l y  t o  permit  e n t r y  development by d r i v i n g  c r o s s c u t s  from 4 
t o  5 r a t h e r  than from 5 t o  4 ,  f i g .  18. Operating t i m e  and product ion inc reased  
because less t i m e  was spent  i n  tramming equipment. 

Before,  dur ing ,  and a f t e r  i n f u s i o n  of ho l e s  11 and 12,  t h e  volume and 
methane concen t r a t i ons  of t h e  v e n t i l a t i n g  a i r  w e r e  measured a t  12 sampling 
p o i n t s  t o  determine t h e  d i s t r i b u t i o n  of methane emissions ac ros s  t h e  s e c t i o n .  
These sampling p o i n t s  a r e  shown i n  f i g u r e  12 and t h e  d a t a  c o l l e c t e d  i s  summa- 
r i z e d  i n  t a b l e  5. 

TABLE 5. - Methane r e l e a s e d  a t  12 l oca t ions  i n  t h e  working a r e a  b e f o r e ,  
dur ing ,  and a f t e r  i n fus ions  of ho l e s  11 and 12 

s e e  f i g u r e  15. 

Gas emissions from ho le s  1 through 10 ,  except  h o l e  3 which en t ry  develop- 
ment had rendered u s e l e s s  a s  a b l eede r  h o l e ,  were measured be fo re ,  during,  and 
a f t e r  i n f u s i o n  o f  ho l e s  11 and 12 t o  determine t h e  e f f e c t s  of i n fus ion  on t h e  
q u a n t i t y  and q u a l i t y  of t h e  methane removed. This  da t a  i s  given i n  t a b l e  6 .  
Before i n f u s i o n ,  100 pe rcen t  methane was i s s u i n g  from a l l  ho l e s  except 9 and 
11, bu t  dur ing  i n f u s i o n ,  t h e  percentage  of methane decreased t o  a s  low a s  50 
pe rcen t  a t  one ho l e .  The amount of methane emi t ted  from t h e  ho l e s  during 
i n f u s i o n ,  however, was cons iderab ly  g r e a t e r  than t h e  amount emi t ted  b e f o r e  
i n fus ion .  

~ o c a t i o n '  

1 ........ 
2.. . . . . . . 
3. .  . . . . . . 
4 . .  . . . . . . 
5 ........ 
6.. . . . . . . 
7..  .. . . . . 
8..  . . . . . . 
9 ........ 

10.. . . . . . . 
ll........ 
12..  . . . . . . 

Discussion of In fus ion  R e s u l t s ,  5 L e f t  Main E n t r i e s  

A f t e r  i n f u s i o n  t e s t s  a t  ho les  1, 2, 3 ,  11, and 12 w e r e  completed, t h e  
methane l i b e r a t i o n s  i n  t h e  5 L e f t  s e c t i o n  were t h e  lowest ever  measured i n  t h e  
s e c t i o n .  Methane con ten t  of t h e  v e n t i l a t i n g  a i r  i n  t h e  immediate and main 
r e t u r n s  was 120 cfm and 500 cfm, r e s p e c t i v e l y ,  which r ep re sen t ed  a decrease  
of 680 cfm and 1,500 cfm, r e s p e c t i v e l y ,  from amounts recorded b e f o r e  t h e  
d e g a s i f i c a t i o n  s tudy  was begun; t h i s  was equal  t o  a methane r educ t ion  of 85 
percent  i n  t h e  immediate r e t u r n - a i r  courses  and 75 percent  i n  t h e  main r e tu rn -  
a i r  courses .  

Before i n f u s i o n  During in fus ion  A f t e r  i n fus ion  
A i r ,  
cfm 

25,920 
21,660 
16,326 
25,250 
54,450 
14,640 
5,950 

14,760 
36,464 
18,160 
28,800 
38,130 

A i r ,  
cfm 

28,800 
22,080 
16,380 
26,260 
54,450 
15,200 

6,035 
15,030 
37,100 
18,400 
29,280 
39,525 

A i r ,  
cfm 

32,160 
22,800 
16,650 
27,775 
65,300 
16,400 

6,200 
15,300 
39,750 
18,560 
29,520 
41,850 

Methane 
concen t r a t i on  

Methane 
concen t r a t i on  

Percent  
0.50 
0.41 
0.33 
0.16 
0 .01  
0.02 
0.10 
0.19 
0.20 
0.31 
0.43 
0.50 

Methane 
concent ra t ion  

Percent  
1.30 
1.08 
0.80 
0.45 
0.01 
0.10 
0.50 
0.53 
0.40 
0.60 
0.75 
1.00 

Cfm 
130 
89 
54 
40 

5 
3 
6 

28 
73 
56 

124 
191 

Percent  
0.25 
0.18 
0.04 
0.02 
0.01 
0.01 
0.02 
0.02 
0.04 
0.06 
0.11 
0.16 

Cfm 
374 
238 
131 
118 

5 
15 
30 
80 

148 
110 
220 
395 

Cfm 
80 
4 1  

7 
6 
7 
2 
1 
3 

16 
11 
32 
67 



TABLE 6. - Methane r e l ea sed  from holes  1 through 10 before ,  during,  
and a f t e r  in fus ions  of holes  11 and 12 

I of gas ,  lconcentr,ati;; 
f ~ m  Percent  

Hole 
Before i n fus ion  

Veloci ty  ( Methane 
of gas ,  

f  pm 

1,000 
2,000 
1,600 
2,300 
3,000 
2,500 
1,200 
1,000 
1,500 - 

During infus ion  
v e l o c i t y  1 Methane 

Af t e r  in fus ion  
Veloci ty  ( Methane 

' ~ o l e  infused.  

concent ra t ion  
Percent  I C£m 

Af te r  consu l t a t i on  wi th  mine o f f i c i a l s ,  it was decided t o  de fe r  f u r t h e r  
degas i f i ca t i on  experiments u n t i l  increased  gas l i b e r a t i o n s  occurred o r  were 
an t i c ipa t ed .  Addit ional  b leeder  h o l e s ,  t he re fo re ,  were no t  d r i l l e d  f o r  t h e  
next  30 days,  bu t  methane readings w e r e  taken t o  determine i f  any changes 
occurred i n  t h e  percentage of gas  i n  t h e  a i r  cu r r en t s .  

Data c o l l e c t e d  30 days a f t e r  completion of tests showed t h a t  t h e  amount 
of methane i n  t h e  v e n t i l a t i n g  a i r  was 80 c£m i n  t h e  immediate r e t u r n s  and 470 
c£m i n  t h e  main r e tu rns .  These amounts w e r e  less than those  recorded a t  t h e  
completion of t h e  tests i n  t h e  5 Le f t  e n t r i e s ,  and d r i l l i n g  of add i t i ona l  
b leeder  ho les  was aga in  deferred.  

of ga s ,  
fpm 

Continuous methane readings were no t  taken i n  t h e  next  40 days because 
t h e  continuous methane recording u n i t s  were removed from t h e  mine f o r  ad jus t -  
ment and r e c a l i b r a t i o n ,  bu t  analyses  of t h e  mine a i r  f o r  methane were made 
r e g u l a r l y  by mine o f f i c i a l s .  

concentrat ion 
Percent  I C£m 

I n  t h i s  40-day per iod ,  t h e  5 Lef t  e n t r i e s  and t h e  Right Side e n t r i e s  o f f  
5 L e f t  had been developed t o  t h e  want a r e a  and mining i n  t h e s e  areas was com- 
p l e t e d  ( f i g .  3). Methane l i b e r a t i o n s  s u f f i c i e n t  t o  r e q u i r e  ope ra t i ona l  down- 
t ime were no t  encountered during t h i s  per iod.  

Infus ions  of Bleeder Holes i n  Le f t  Side En t r i e s  

Methane monitoring u n i t s  were aga in  placed i n  t h e  5 L e f t  Main r e t u r n s  
when t h e  Le f t  S ide  e n t r i e s  were begun. The methane volume i n  t h e  l e f t  and 
r i g h t  main r e t u r n s  w a s  256 cfm and 123 c£m, r e spec t ive ly ,  and these  amounts 
w e r e  used a s  a comparative b a s i s  f o r  a s se s s ing  t h e  degas i f i ca t i on  r e s u l t s .  
As  t h e  L e f t  S ide  e n t r i e s  approached t h e  want a r e a ,  methane volumes i n  t h e  
l e f t  and r i g h t  main r e t u r n s  increased  t o  326 cfm and 167 c h ,  r e spec t ive ly .  
I n  view of t h e s e  increased  emissions,  f u r t h e r  degas i f i ca t i on  i n  t h i s  a r e a  
was deemed advisab le .  
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Five  b l eede r  h o l e s ,  13 
through 17,  were d r i l l e d  i n  
t h e  o u t s i d e  e n t r i e s  as shown 
i n  f i g u r e  19. Holes 13 and 
14 w e r e  d r i l l e d  i n  e n t r y  1 
and t h e  o the r  t h r e e  were 
d r i l l e d  i n  e n t r y  5.  Hole 16 
was above and p a r a l l e l  w i th  
h o l e  15. 

When i n fu s ion  i n  t h e  
L e f t  S ide  e n t r i e s  began, 
e n t r y  1 had been dr iven  
about 40 f e e t  inby h o l e  14 ,  
and e n t r y  5  had been dr iven  
about  80 f e e t  inby ho l e s  15 
and 16. The roof  of en t ry  1 
was i r r e g u l a r  and contained 
c o a l  s t r e a k s ;  t h e  upper p a r t  
of t h e  coalbed con ta ined  
sandstone bou lde r s ,  f i g .  20. 

Hole 15 w a s  i n fu sed  
us ing  t h e  high-pressure  pump 
and normal w a t e r l i n e  pres-  
s u r e s  a week a f t e r  d r i l l i n g .  
P e r t i n e n t  d a t a  c o l l e c t e d  i s  
summarized i n  t a b l e  7. 
Water, s e a l e d  i n  t h e  h o l e  i n  
t h e  14 minutes between t h e  
f i r s t  and second i n fu s ion  
reached a  p r e s s u r e  of 
100 p s i .  

Holes 16 and 17 were 
no t  s e a l e d  be fo r e  commencing 
i n f u s i o n  of h o l e  15 ,  and 
water  flowed from h o l e  16 
a f t e r  11 minutes and from 
h o l e  17 a f t e r  26 minutes.  
Both ho l e s  then were s e a l e d  
and t h e  p r e s s u r e ,  5  p s i  
recorded a t  h o l e  17 a f t e r  
161 minutes of i n fu s ion ,  
inc reased  t o  10 p s i  wh i l e  
t h e  p r e s s u r e  a t  h o l e  16 
reached 5  p s i  nea r  t h e  end 
of t h e  i n fu s ion  per iod .  
Although no p r e s su re s  w e r e  
i n d i c a t e d  a t  ho l e s  13 and 14,  
gas  con ta in ing  90 percen t  
methane i s sued  from h o l e  14 
a t  a v e l o c i t y  of 125 fpm. 
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While ho le  15 w a s  being infused ,  water  exuded f r e e l y  from t h e  coa l  sur-  
faces  surrounding t h e  hole .  This  seepage extended 27 f e e t  t o  t h e  l e f t  a f t e r  
1 hour and was noted a t  a  maximum d i s t ance  of 64 f e e t  from t h e  h o l e  be fo re  t h e  
c l o s e  of t h e  in fus ion  period.  

G a s  emissions accompanying t h e  water  seepage formed gas-water bubbles on 
t h e  r i g h t  r i b  of en t ry  5 on both s i d e s  of t h e  h o l e  being infused,  f i g .  21. 
Af t e r  2 hours ,  t h e  v e l o c i t y  of t h e  gas being emit ted from t h e  roof-bol t  holes  
R B I  and RB2 a t  t h e  f a c e  of en t ry  1 ( f i g .  20) increased  from near  ze ro  be fo re  
in fus ion  t o  3,000 fpm. Emissions were a l s o  de tec t ed  from t h e  f l o o r  and l e f t  
r i b  of t h i s  en t ry .  Minor emissions were noted from other  roo f -bo l t  holes  near  
o r  i n  t h e  want area, bu t  no t  i n  o the r  a reas .  Two hours a f t e r  s topping t h e  
second in fus ion ,  t h e  methane volume i n  t h e  immediate and main r e t u r n s  was 300 
c£m and 857 c h ,  r e spec t ive ly .  

About 12 hours a f t e r  t h e  completion of t h e  second in fus ion ,  h o l e  15 was 
infused  wi th  water  a t  normal w a t e r l i n e  pressures  f o r  18 minutes. Forty-f ive . 
minutes a f t e r  completion, a  fou r th  infus ion  was made f o r  307 minutes using t h e  
high-pressure pump. (See t a b l e  7.)  Two hours a f t e r  completion of infus ions  
of t h i s  ho le ,  t h e  q u a n t i t i e s  of methane de tec t ed  i n  t h e  immediate and main 
r e t u r n s  were 56 c£m and 118 cfm r e s p e c t i v e l y ,  below t h e  q u a n t i t i e s  de tec ted  
be£ o r e  infus ions .  

Discussion of Infus ion  Resu l t s ,  L e f t  Side Ent r ies  

Af t e r  i n fus ion  of t h e  d r i l l  ho les  i n  t h e  Le f t  S ide  e n t r i e s  from 5 L e f t ,  
t h e  amount of methane i n  t h e  main r e t u r n s  was reduced from 606 t o  370 cfm. 
There w a s  no i n d i c a t i o n  of damage t o  t h e  f l o o r  o r  roof  as a r e s u l t  of water  
i n fus ions .  

Infus ions  of Bleeder Hole 18 

Bleeder h o l e  18 was d r i l l e d  i n  t h e  l e f t  r i b  of Le f t  S ide  en t ry  1 between 
pro jec ted  rooms 2 and 3 ,  f i g .  22. A t o t a l  of 12 infus ions  of h o l e  18 were 
made using normal w a t e r l i n e  pressures  and t h e  high-pressure pump a l t e r n a t e l y .  
To a i d  i n  t r a c i n g  t h e  pa ths  of water  migra t ion ,  f luo resce in  dye and a l i q u i d  
wet t ing  agent  was added t o  t h e  water used f o r  holes  18 and 19. A summary of 
i n fus ion  da ta  i s  given i n  t a b l e  7. 

Af ter  30 minutes of i n fus ion  a t  normal w a t e r l i n e  p res su res ,  t h e  s o l u t i o n  
w a s  noted t o  have t r a v e l e d  22-112 f e e t  l ong i tud ina l ly  and 3 inches v e r t i c a l l y  
along t h e  s u r f a c e  of t h e  l e f t  r i b .  Af t e r  10 minutes of i n fus ion  using t h e  
high-pressure pump, t h e  s o l u t i o n  was noted on t h e  coa l  s u r f a c e  and had t rav-  
e l ed  10 f e e t  l ong i tud ina l ly  and 1-112 inches v e r t i c a l l y .  Af t e r  t h e  second 
in fus ion ,  t h e  s o l u t i o n  was t r aced  about 400 f e e t  from t h e  infused  ho le  along 
t h e  r i b  of en t ry  5 of 5 Le f t  Main e n t r i e s .  When rooms were developed of f  L e f t  
S ide  en t ry  1 t h e  s o l u t i o n  had penet ra ted  t h e  s o l i d  coa l  t h e  f u l l  160-foot 
depth of t h e s e  workings. 



FIGURE 21. - Face Area, Entry 5, Left  Side, at the Time Hole 15 Was Initially Infused. 
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Discussion of In fus ion  R e s u l t s ,  Hole 18 

m 

Although prev ious  i n fus ions  had a f  f  e c t  ed t h i s  a r e a ,  t h e  methane conten t  
of t h e  v e n t i l a t i n g  a i r  decreased from 378 c£m be fo re ,  t o  306 cfm a f t e r  in fu-  
s ions  of h o l e  18. The amounts of  methane r e l e a s e d  v a r i e d ,  bu t  were g r e a t e r  
when us ing  t h e  h igh-pressure  pump. 

I I I 

Water i n fus ions  appeared t o  b e  e f f e c t i v e  i n  reducing a i r b o r n e  dus t  i n  t h e  
working s e c t i o n s .  From v i s u a l  observa t ions  by Bureau personnel ,  i n fus ions  
made wi th  water  con ta in ing  we t t i ng  agents  a t  pump p re s su re s  were more e f f ec -  
t i v e  i n  a l l a y i n g  dus t  than t h o s e  w i t h  water  a l o n e  a t  normal w a t e r l i n e  pres-  
s u r e s .  These observa t ions  were s u b s t a n t i a t e d  by a s tudy  made by management 
be fo re ,  dur ing ,  and a f t e r  in fus ions  of h o l e  18. A dus t  counter  was used i n  



t h i s  s t udy  t o  sample t h e  a i r b o r n e  d u s t  a t  t h e  working f a c e s  and o t h e r  s t r a -  
t e g i c  l o c a t i o n s  i n  t h e  working s e c t i o n .  

I n f u s i o n s  of Bleeder  Hole 19 

A f t e r  rooms 1 through 5  were  advanced t o  t h e  l a s t  c r o s s c u t ,  h o l e  19 was 
d r i l l e d  i n t o  t h e  s o l i d  c o a l  o f f  Main e n t r y  5 ,  5  L e f t ,  about  30 f e e t  outby and 
p a r a l l e d  w i t h  t h e  l a s t  p r o j e c t e d  c r o s s c u t  connec t ing  room 1 and Main e n t r y  5 .  
The p r o j e c t e d  l o c a t i o n  of h o l e  19 i s  shown i n  f i g u r e  22. Two i n f u s i o n s  of 
h o l e  19 were  made w h i l e  developing t h e  l a s t  c r o s s c u t  connect ing t h e  rooms, and 
wa t e r  w i t h  a  w e t t i n g  agen t  and f l u o r e s c e i n  dye added was i n j e c t e d  i n t o  t h e  
ho l e .  A summary of  i n f u s i o n  d a t a  i s  g iven  i n  t a b l e  7. 

Discuss ion  of I n f u s i o n  R e s u l t s ,  Hole 19 

A t  t h e  end of  t h e  i n f u s i o n s  i n  h o l e  19 ,  t h e  methane concen t r a t i on  of t h e  
v e n t i l a t i n g  a i r  i n  t h e  l e f t  and r i g h t  immediate r e t u r n s  was 8 c h  and 39 c h ,  
r e s p e c t i v e l y ,  and i n  t h e  l e f t  and r i g h t  main r e t u r n s  was 120 and 153 c h ,  
r e s p e c t i v e l y .  

A t  t h e  t ime  of t h e  l a s t  i n f u s i o n  t e s t  a t  h o l e  19,  e x t r a c t i o n  of  p i l l a r s  
was begun, and t h e  d e g a s i f i c a t i o n  s tudy  i n  v i r g i n  c o a l  i n  t h i s  s e c t i o n  was 
concluded. 

MIGRATION TESTS--ANHYDROUS AMMONIA 

T e s t s  t o  de te rmine  whether  gas  m ig ra t i on  i s  p r e f e r e n t i a l l y  a l ong  o r  
a c r o s s  bedding p l anes  were  conducted u s ing  anhydrous ammonia a s  a  t r a c e r .  
F ive  h o l e s  were  d r i l l e d  i n  a  f r e s h l y  exposed working f a c e  a s  shown i n  f i g u r e  23. 
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- 6' 
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i Floor - 
1- Ammonia gas released into Hole 2 

16' _I 
I - * w  - I 

FACE ELEVATION 

FIGURE 23. - Spacing of Holes in Coal Face for Migration Tests. 



A 4-foot  l eng th  of 1/8-inch-diameter rubber  tub ing  was i n s e r t e d  6  inches and 
s e a l e d  i n  each h o l e  except h o l e  2. 

A p i e c e  of r e d  l i tmus  paper and a  p i e c e  of  c l o t h  s a t u r a t e d  w i th  a  weak 
s o l u t i o n  of  hyd roch lo r i c  a c i d  were a t t ached  t o  t h e  f r e e  end of  t h e  tubes.  
These tubes  w e r e  he ld  by an  observer .  While an observer  s n i f f e d  t h e  hand-held 
t ubes ,  t h e  ammonia was r e l e a s e d  under p r e s s u r e  of 80 p s i  from a  cy l inde r  
through an i n f u s i o n  s e a l  p laced  i n  h o l e  2. A s  t h e  gaseous ammonia passed 
through t h e  coalbed t o  t h e  open tubes s e a l e d  i n  t h e  c o a l ,  i t  was de t ec t ed  by 
i t s  pungent odor ,  fuming of t h e  acid-soaked c l o t h ,  and t h e  change i n  c o l o r  of 
t h e  l i tmus  paper .  

It r equ i r ed  20 seconds f o r  ammonia gas  t o  pass  from h o l e  2  t o  h o l e  1; 
25 seconds from h o l e  2  t o  h o l e  3 ;  40 seconds from h o l e  2  t o  h o l e  4 ;  and 55 
seconds from h o l e  2  t o  h o l e  5 ,  showing t h a t  t h e  gas t r a v e l e d  f a s t e r  a long t h e  
bedding p lanes  than ac ros s  t h e  p lanes .  

CONCLUSIONS 

From observa t ions  made and d a t a  c o l l e c t e d ,  t h e s e  methane dra inage  exper i -  
ments proved t h a t  methane can b e  removed from t h e  Pocahontas No. 4  coalbed 
b e f o r e  and during mining by d r i l l i n g  along h o r i z o n t a l  b l eede r  ho les  i n  t h e  
coalbed,  and i n f u s i n g  them wi th  water .  

During t h e  d e g a s i f i c a t i o n  s tudy ,  t h e  amount of methane i n  t h e  main 
r e t u r n - a i r  c u r r e n t s  was reduced from 2,000 cfm t o  270 cfm, a  r educ t ion  of 
more than 86 percent .  

Gas l i b e r a t i o n s  by f r e e  flow from h o r i z o n t a l  b l eede r  ho l e s  d r i l l e d  30 t o  
230 f e e t  deep i n  t h e  coalbed i n  advance of mining reached a  maximum of 131 cfm 
immediately a f t e r  d r i l l i n g .  The flow from t h e  ho l e s  decreased s t e a d i l y  over 
per iods  ranging from s e v e r a l  hours  t o  s e v e r a l  days,  a l though some of  t h e  ho l e s  
cont inued t o  emit gas a t  decreasing r a t e s  f o r  s e v e r a l  months. Shut- in  pres -  
s u r e s  of  t h e  h o r i z o n t a l  b l eede r  ho l e s  w e r e  a s  h igh  a s  63 p s i .  

I n fus ing  some of t h e  b l eede r  ho l e s  w i th  wa te r ,  o r  a  s o l u t i o n  of water  
mixed w i t h  a  we t t i ng  a g e n t ,  increased  gas  emissions from v i r g i n  c o a l  a r e a s .  
During one in fus ion  when t h e  mine was i d l e ,  gas  l i b e r a t i o n s  from t h e  coalbed 
w e r e  i nc reased  1,540 cfm. 

In fus ions  of  b leeder  ho l e s  proved e f f e c t i v e  i n  r e l e a s i n g  l a r g e  amounts of 
gas  from t h e  coalbed b e f o r e  mining, and a s  a  r e s u l t ,  gas emissions wh i l e  min- 
i n g ,  were reduced m a t e r i a l l y .  Operat ional  downtime t o  d i l u t e  gas  l i b e r a t i o n s  
t o  s a f e  concen t r a t i ons  i n  t h e  v e n t i l a t i n g  a i r  t h a t  occurred f r equen t ly  b e f o r e  
d e g a s i f i c a t i o n  was e l imina ted .  

Gas r e l e a s e s  t h a t  were excess ive  wh i l e  i n f u s i n g  a t  normal w a t e r l i n e  pres-  
s u r e s  were reduced by decreas ing  t h e  water - infus ion  s e a l  p r e s su re s .  This  was 
done by ' r egu la t i ng  t h e  r a t e  of  water  i n j e c t i o n .  



I n  conf i rmat ion  of r e s u l t s  ob ta ined  i n  p rev ious  tes ts ,  main ta in ing  a  
s e a l e d - i n  p r e s s u r e  i n  i n f u s i o n  ho l e s  r e s u l t e d  i n  g r e a t e r  methane emissions 
than  would have occurred i f  t h e  h o l e  had been d ra ined  immediately a f t e r  in fu-  
s i o n .  Usua l ly ,  t h e  amount of gas  r e l e a s e d  v a r i e d  w i t h  t h e  s ea l ed - in  p r e s su re s .  
Sea l i ng  wate r  i n  t h e  ho l e s  a f t e r  i n f u s i o n  r e t a r d s  t h e  escape of wate r  from 
c r e v i c e s  i n  t h e  coalbed and presumably prevents  r e t u r n  of t h e  gas  i n t o  t h e  
i n fu sed  a r e a .  

Because gas  i s  emi t t ed  from long h o r i z o n t a l  b l e e d e r  ho l e s  f o r  r e l a t i v e l y  
long pe r iods  of t i m e  and t h e  r e l e a s e  of gas  from t h e  coalbed i s  i nc r ea sed  dur- 
i ng  i n f u s i o n  of h o l e s ,  i n v e s t i g a t o r s  b e l i e v e  t h a t  most of t h e  gas  was h e l d  i n  
t h e  coalbed r a t h e r  than  i n  t h e  a d j a c e n t  s t r a t a .  

I n fu s ion  wa te r  d i d  n o t  p e n e t r a t e  t h e  sands tone  r o o f ,  nor  t h e  s h a l e  f l o o r ,  
and no damage from wa te r  was observed on e i t h e r  t h e  roof  o r  f l o o r  of t h e  mine. 

Observat ion and r e s u l t s  of tests  i n d i c a t e d  t h a t  wate r  i n f u s i o n s  a t  normal 
w a t e r l i n e  p r e s s u r e s  reduced t h e  amount of  a i r b o r n e  d u s t  a t  t h e  f a c e  dur ing  
mining, bu t  were more e f f e c t i v e  i n  a l l a y i n g  d u s t  when a  we t t i ng  agen t  was 
added t o  t h e  s o l u t i o n  and i n f u s i o n s  were made a t  pump p re s su re s .  

Experiments w i th  t r a c e r s  in t roduced  i n t o  t h e  i n f u s i o n  wate r  and r e l e a s e d  
under p r e s s u r e  i n t o  a  h o r i z o n t a l  b l e e d e r  h o l e  proved t h a t  wa t e r  and anhydrous 
ammonia t r a v e l  through t h e  coalbed.  I n f u s i o n  wate r  mixed w i t h  a  we t t i ng  agent  
and f l u o r e s c e i n  dye t r a v e l e d  400 f e e t  through c o a l .  

Various r a t e s  of t r a v e l  of  wa t e r  o r  s o l u t i o n s  used i n  i n f u s i o n s  a s  
d e t e c t e d  on exposed c o a l  s u r f a c e s  were a s  fo l lows:  

1. Water a t  normal w a t e r l i n e  p r e s s u r e  t r a v e l e d  21  f e e t  l a t e r a l l y  and 
3  inches  v e r t i c a l l y  p e r  hour.  

2 ,  Water and we t t i ng  agen t  w i t h  f l u o r e s c e i n  dye a t  normal w a t e r l i n e  
p r e s s u r e  t r a v e l i n g  45 f e e t  l a t e r a l l y  and 6 inches  v e r t i c a l l y  p e r  hour.  

3 .  Water and w e t t i n g  agent  w i th  dye a t  pump p r e s s u r e  of 400 p s i  
t r a v e l e d  60 f e e t  l a t e r a l l y  and 9 inches  v e r t i c a l l y  p e r  hour .  

Anhydrous ammonia under p r e s s u r e  r e l e a s e d  i n t o  a  h o r i z o n t a l  borehole  
t r a v e l e d  12 fpm h o r i z o n t a l l y ,  5 fpm v e r t i c a l l y ,  and 6 fpm d i agona l ly ,  through 
t h e  coalbed.  




