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DRAINAGE OF METHANE FROM THE 0.VERLYING POCAHONTAS NO. 4 
COALBED FROM WORKINGS IN THE POCAHONTAS NO. 3 COALBED 

by 

Gerald L. Finf inger and Joseph Cervik 

ABSTRACT 

The Bureau of Mines conducted a n  experimental  d e g a s i f i c a t i o n  p r o j e c t  i n  
I s l a n d  Creek Coal Co.'s V i rg in i a  Pocahontas No. 5 mine. Methane from t h e  over- 
l y ing  Pocahontas No. 4 coalbed was e n t e r i n g  mine workings i n  the Pocahontas 
No. 3 coalbed through f r a c t u r e s  i n  the  roof rock.  Small-diameter (1-5/8-inch) 
holes  were d r i l l e d  i n t o  the  over ly ing  coalbed t o  reduce t h e  gas pressure  and 
i n t e r c e p t  methane f lows ,  which were piped t o  t he  su r f ace  through a n  under- 
ground 6-inch-diam s t e e l  p i p e l i n e .  

The t o t a l  methane flow r a t e  from t h e  v e r t i c a l  ho les  averaged 150,000 
f t3 /day  f o r  the  f i r s t  month. Methane flows i n t o  the mine were reduced by 
47 p c t  , thereby demonstrat ing the  e f f ec t iveness  of t h i s  form of d e g a s i f i c a t i o n  
i n  reducing v e n t i l a t i o n  requirements and providing a s a f e r  working environment. 

INTRODUCTION 

The Bureau of Mines has been conducting r e sea rch  aimed a t  removing meth- 
ane from coalbeds i n  advance of and during mining. One of the  most e f f e c t i v e  
methods of d e g a s i f i c a t i o n  of coalbeds has been t h e  d r i l l i n g  of ho les  i n t o  
coalbeds (1)  .3 I n  t h e  P i t t sbu rgh  coalbed,  methane drainage from h o r i z o n t a l  
ho le s  reduced methane flows a t  t h e  working face 70 p c t  ( 2 - 3 ) .  - - 

The Vi rg in i a  Pocahontas No. 5 mine was opened i n  a n  a r e a  where the  
Pocahontas No. 3 and the 'over ly ing  Pocahontas No. 4 coalbeds a r e  separa ted  by 
9 t o  13 f e e t  o f  sandstone.  However, the  i n t e r v a l  between t h e  two coalbeds 
inc reases  i n  th ickness  as  one moves away from the  s tudy  a r e a ,  and the  over-  
l y i n g  Pocahontas No. 4 coalbed decreases  i n  th ickness  and i n  some a reas  
pinches out  completely.  Gas from the  Pocahontas No. 4 coalbed migrates  down- 
ward through f r a c t u r e s  i n  t h e  sandstone and e n t e r e s  t he  mine workings i n  the  

" ~ u ~ e r v i s o r ~  geophys i c i s t .  
Both au thors  a r e  w i th  t h e  P i t t sbu rgh  Mining and Sa fe ty  Research Center ,  

Bureau of Mines, P i t t sbu rgh ,  Pa. 
3 ~ n d e r l i n e d  numbers i n  parentheses  r e f e r  t o  i tems i n  t he  l i s t  of r e f e rences  a t  

t he  end of t h i s  r e p o r t  preceding t h e  appendix. 



under ly ing  Pocahontas No. 3  coalbed.  The p r e s e n t  r e p o r t  d e s c r i b e s  a  procedure 
used f o r  c o n t r o l l i n g  methane flows from ove r ly ing  coa lbeds ,  a s  w e l l  a s  methods 
f o r  expe r imen ta l l y  de te rmin ing  t h e  e f f i c i e n t  spac ing  of h o l e s  d r i l l e d  i n t o  t h e  
roof  s t r a t a .  
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PRELIMINARY PRE PARAT IONS 

Because methane l e v e l s  i n  t h e  V i r g i n i a  Pocahontas No. 5 mine 's  r e t u r n s  
were approaching 1 p c t  , methane from dra inage  ho l e s  could no t  be d i scharged  
i n t o  t h e  r e t u r n s .  A 6-inch-diam w a t e r l i n e  l o c a t e d  i n  t h e  r e t u r n  v e n t i l a t i o n  
system and ex tending  from t h e  s u r f a c e  t o  the  work a r e a  was converted t o  a 
methane p i p e l i n e .  A t  t h e  s u r f a c e ,  t he  p i p e l i n e  was extended h o r i z o n t a l l y  
about  100 f e e t  from the  s h a f t  and t h e n  v e r t i c a l l y  30 f e e t .  The p i p e l i n e  was 
grounded, and flame a r r e s t e r s  were i n s t a l l e d  on t h e  v e n t  s t a c k s  ( f i g .  1 ) .  
Methane could  t hen  be ven ted  t o  t h e  atmosphere f r e e  flow o r  through a n  
exhaus t e r .  The exhaus t e r  i nc r ea sed  flow from dra inage  ho l e s  and main ta ined  
a  s l i g h t  nega t i ve  p r e s su re  i n  t he  p i p e l i n e .  

THE STUDY AREA 

The s tudy  a r e a  c o n s i s t e d  of a  s e t  of f ou r  headings i n  Pocahontas No. 3 
coalbed advancing i n t o  v i r g i n  c o a l  ( f i g .  2 ) .  Two weeks a f t e r  t h e  s t udy  began, 
t h e  s e c t i o n  was extended southward t o  i n t e r c e p t  t h e  s k i p  s h a f t .  I n  t h i s  a r e a ,  
t h e  t h i c k n e s s  of t h e  Pocahontas No. 4 coalbed ranged from about  5 t o  8 f e e t ,  

6 - in  free-flow pipe between t h e  two coalbeds 
i nc r ea sed  t o  about  60 f e e t  

Electric ;r a n d = U  
turbo blower 

i 

6 - i n  pipeline 
connected to 
shaft 100 ft 1 I I 

away 

FIGURE 1. - 

and t h e  i n t e r v a l  between t h e  
Pocahontas No. 3 and No. 4 
coalbeds ranged from 9 t o  
13 f e e t .  The i n t e r v a l  

S u r f a c e  v e n t i n g  f a c i l i t y .  

a s  mining advanced southward 
toward t h e  s k i p  s h a f t  
( f i g .  3 ) .  

S h o r t l y  a f t e r  a n  e n t r y  
i s  advanced, t he  sands tone  
roof  f r a c t u r e s  w i t h  a  no i s e  
l i k e  a  t hunde rc l ap ,  These 
f r a c t u r e s ,  which may be 
caused by gas  p r e s su re  i n  
t he  Pocahontas No. 4 coa l -  
bed .  conduct methane from 
t h e  Pocahontas No. 4 t o  t he  
e n t r i e s  i n  t h e  Pocahontas 
No, 3  coa lbed ,  
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FIGURE 2. - Location of study area. FIGURE 3. - lsopach map of interval between 
Pocahontas No. 3 and No. 4 coalbeds. 
Numbers indicated distance i n  feet. 

PRELIMINARY TESTS 

A s e r i e s  of t h r e e  t e s t s  was conducted t o  determine t h e  number and spac-  
i n g  of h o l e s  r e q u i r e d  t o  e f f e c t i v e l y  reduce methane emiss ions  through f r a c -  
t u r e s  i n  t h e  roof  s t r a t a .  Each t e s t  was conducted u s ing  t h r e e  h o l e s  t h a t  
were d r i l l e d  upward through t h e  Pocahontas No. 4  coalbed ( f i g .  4 ) ,  us ing  a n  
a i r -powered s t o p e r .  The f i r s t  5 f e e t  of each  h o l e  was d r i l l e d  w i t h  a  
2-1/4-inch b i t ,  and t h e  remainder of t h e  h o l e  was d r i l l e d  w i t h  a  1-5/8-inch 
b i t .  

Each t e s t  was conducted i n  t h e  same way, a l though  t h e  o r i e n t a t i o n  and 
spac ing  of t h e  ho l e s  v a r i e d .  I n  each  t e s t ,  t h r e e  h o l e s  were d r i l l e d  i n  a  
s t r a i g h t  l i n e  w i t h i n  5 f e e t  of t h e  r i b .  The f i r s t  5 f e e t  of each  h o l e  was 
packed w i t h  a  42- inch- long,  i n f l a t a b l e  packer  t h a t  was i n f l a t e d  by hand pump 
w i t h  wate r  t o  a  p r e s s u r e  of 600 p s i g .  The h o l e s  were s h u t  i n  f o r  24 hours  t o  
s t a b i l i z e  t h e  gas  p r e s s u r e .  A f t e r  24 h o u r s ,  t h e  two o u t s i d e  ho l e s  were opened 
t o  f low,  and gas p r e s s u r e  a t  t h e  middle h o l e  was moni tored.  Methane from each  
h o l e  was piped t o  t he  underground p i p e l i n e  and ven ted  a t  t h e  s u r f a c e .  The 
o b j e c t i v e  of t h i s  t e s t ,  c a l l e d  a n  " i n t e r f e r e n c e  t e s t , "  was t o  determine t h e  
t ime r e q u i r e d  f o r  t h e  d r a inage  r a d i u s  o f  t h e  o u t s i d e  ho l e s  t o  r e ach  t h e  c e n t e r  
h o l e .  When t h e  d r a inage  r a d i u s  reaches  t h e  middle  h o l e ,  gas p r e s su re  beg ins  
t o  d e c l i n e ;  t h i s  i s  c a l l e d  a n  i n t e r f e r e n c e  e f f e c t .  I f  i n t e r f e r e n c e  occurs  
promptly ,  spac ing  of h o l e s  can  be i n c r e a s e d ,  t h u s  reduc ing  t he  number of h o l e s  
t o  be d r i l l e d .  A s i m i l a r  i n t e r f e r e n c e  t e s t  i s  conducted f o r  each new s p a c i n g ,  
u n t i l  a  spac ing  i s  found t h a t  minimizes t h e  number o f  h o l e s  t o  be d r i l l e d  and 
f o r  which i n t e r f e r e n c e  occurs  i n  a  r e a sonab l e  l eng th  of t ime .  



FIGURE 4. - Diagram of test holes. A = inflatable packer; B = packer inflation valves; 
C = outlet for n ~ e a s u r i n ~  industrial flow; D = control valves. 



A f t e r  a  s a t i s f a c t o r y  spacing has been determined,  ho les  a r e  d r i l l e d  
upward through the  Pocahontas No. 4  coalbed along the  l e f t  and r i g h t  r e t u r n  
e n t r i e s .  Each hole  develops an  i n t e r f e r e n c e  e f f e c t  wi th  the  ad jacent  ho le s .  
No methane can migrate  from v i r g i n  c o a l  through the l i n e  of h o l e s ,  and ,  con- 
s equen t ly ,  flow of methane through f r a c t u r e s  i n t o  t h e  e n t r i e s  i n  t he  Poca- 
hontas  No. 3 coalbed dec l ines  . 

The holes  should be d r i l l e d  immediately fol lowing a c u t  of c o a l .  I n  t he  
p re sen t  s tudy ,  however, t h e  holes  were d r i l l e d  wi th  a  s t o p e r ,  which i n t e r f e r e d  
w i t h  the  miner ' s  product ion cyc le .  Theref o r e ,  drainage holes  were not  d r i l l e d  
a t  t he  f ace  fol lowing a  c u t  of c o a l .  

I n  the f i r s t  t e s t ,  ho les  1, 2 ,  and 3 were o r i en t ed  north-south and the  
spacing between holes  1 and 3 was 24 f e e t  ( f i g .  5 ) .  The shu t - in  gas pressures  
i n  holes  1, 2 ,  and 3 s t a b i l i z e d  a t  50 ,  45,  and 37 ps ig ,  r e s p e c t i v e l y .  The 
d i f f e r e n c e  i n  pressure  is probably due t o  d i f f e r e n t  pe rmeab i l i t i e s  of t he  
j o i n t s  and f r a c t u r e s  i n  t he  roof  s t r a t a  a t  each hole .  The i n i t i a l  flows from 
ho le s  1 and 3 were 16,300 and 11,500 f t3 /day ,  r e s p e c t i v e l y .  I n  30 minutes ,  
gas pressure  a t  the  c e n t e r  ho le  (hole  2 ) d e c l i n e d  t o  36 p s i g  ( f i g .  6 ) .  A f t e r  
5  hours ,  p ressure  dec l ined  t o  31  p s i g ,  while  t he  flows from holes  1 and 3 
dec l ined  t o  15,900 and 10,450 f t3 /day ,  r e s p e c t i v e l y .  For t he  next  19 hours ,  
t he  pressure  a t  ho le  2 remained s teady  a t  31  p s i g ,  and the  flows from holes  
1 and 3 dec l ined  t o  10,000 and 2,000 f t3 /day ,  r e spec t ive ly .  

I n  t h e  second t e s t ,  ho l e s  4 ,  5 ,  and 6 were o r i en t ed  east-west  ( f i g .  5 )  
and the  spacing between holes  4 and 6 was 24 f e e t .  The s t a b i l i z e d  gas pres-  
s u r e s  i n  holes  4 ,  5 ,  and 6 and 37 ,  45,  and 50 p s i g ,  r e s p e c t i v e l y .  I n i t i a l  
flows were 15,500 f t 3  /day from ho le  4 ,  and 27,360 f t 3  /day from hole  6.  The 
gas pressure  i n  ho le  5 dec l ined  from 45 t o  38 p s i g  i n  30 minutes ( f i g .  7)  and 
t o  35 p s i g  i n  5 hours .  Flows from holes  4 and 6 decreased t o  14,460 and 

24,500 f t3 /day ,  r e s p e c t i v e l y .  

Tests 1 and 3 The pressure  i n  hole  5 

/ decl ined  f u r t h e r  t o  18 ps ig  

FIGURE 5. - Location of tests. 

looool a f t e r  7  days ,  and gas flows 
from holes  4 and 6 dec l ined  

n n ~ u n n o ~  O ~ O D O D O  
narlononn oono ooo 
OODO00OO00ODC7Oq  

t o  5,400 and 15,000 f t3/day,  

~ 0 0 0 0 ~  
The t h i r d  t e s t  was con- 

ducted i n  t he  same l o c a t i o n  
a s  t he  f i r s t  t e s t  ( f i g .  5 ) ;  
t he  d i s t ance  between the  two 

i ou t s ide  holes  (holes  1 and 7 )  
was 48 f e e t .  Hole 3 was the  
gas-pressure monitor ing ho le .  
The s t a b i l i z e d  gas p re s su res  
i n  holes  1, 3 ,  and 7 were 
36,  35 ,  and 30 p s i g ,  respec-  
t i v e l y .  I n i t i a l  flows from 
ho le s  1 and 7were 12,500 and 
6,300 f t3 /day ,  r e spec t ive ly ;  
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FIGURE 6. - Pressure decl ine curve-test 1. 
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FIGURE 7. - Pressure decline curve-test 2. 
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they  dec l ined  t o  12,000 and 5,400 f t3 /day  a f t e r  2  hours .  Gas p re s su re  i n  hole  
3 decl ined  t o  34 p s i g  i n  30 minutes ( f i g .  8) and t o  32.5 p s i g  i n  2  hours.  
Over a  5-day p e r i o d ,  t he  flows from t h e  ou t s ide  holes  became n e g l i g i b l e ,  and 
gas pressure  (hole  3 )  decl ined  t o  22.5 ps ig .  

Tes ts  1 and 2  i n d i c a t e  no l a r g e  permeabi l i ty  v a r i a t i o n s  between north-  
south  and east-west  d i r e c t i o n s .  Gas pressures  i n  t h e  c e n t e r  ho le s  of both 
t e s t s  dec l ined  immediately a f t e r  t h e  ou t s ide  ho le s  were opened t o  flow. 
Tes t  3 showed t h a t  an i n t e r f e r e n c e  e f f e c t  between holes  48 f e e t  a p a r t  occurred 
w i t h i n  a  few hours a f t e r  t h e  ho le s  were opened t o  flow. Accordingly,  a  
spac ing  of 50 f e e t  o r  l e s s  was used i n  t h e  hole  d r i l l i n g  program. 

DEGASIFICATION PROGRAM 

Holes were d r i l l e d  from t h e  working s e c t i o n  ( f i g .  9)  t o  i n t e r c e p t  methane 
flows from v i r g i n  c o a l  a r eas  of t he  Pocahontas No. 4 coalbed and prevent  
methane from e n t e r i n g  t h e  mine atmosphere of t he  Pocahontas No. 3 coalbed 
through f r a c t u r e s  and j o i n t s  i n  t h e  safldstone roof  s t r a t a .  Drainage ho le s  
were connected t o  t h e  underground p i p e l i n e  which vented the  methane a t  t h e  
su r f ace .  

FIGURE 9. - Diagram of degasification system. 



FIGURE 10. - Mechanical packer, relkased. 

FIGURE 11. - Mechanical packer, compressed. 

Drainage holes were d r i l l e d  upward with an air-powered s toper  t o  the  top 
of the  Pocahontas No. 4 coalbed. Holes were d r i l l e d  wi th  a 1-5/8-inch b i t  and 
sea led  with mechanical packers f ab r i ca ted  by the  mine's machine shop 
(appendix A ) .  These packers a r e  r e l a t i v e l y  inexpensive, e a s i l y  cons t ructed ,  
and simpler t o  use than i n f l a t a b l e  packers ( f i g s .  10-11). 

Holes were connected t o  the  main underground pipel ine  wi th  p l a s t i c  pipe. 
Holes 8 through 17 required a gas-water separa tor .  I n i t i a l  waterflow from 
these holes was 3 ga l /h r  and decl ined t o  about 0.1 ga l /h r  wi th in  24 hours. 
Holes 18 through 37 produced no water and were connected d i r e c t l y  t o  the pipe- 
l i n e .  Gases from both the  Pocahontas No.  3 and No. 4 coalbeds conta in  a high 
percentage of methane ( t ab le  1) .  

TABLE 1. - Comparison of gas compositions from the  Pocahontas 
No. 3 and No. 4 coalbeds 

Ethane (C2 I& ) ........... 
Carbon dioxide (C% ) .... 
Oxygen (Oz). ............ 
Nitrogen (N,). .......... 
Methane (CH, ) ........... 

Composition, pc t  
Pocahontas No. 3 

1.3 
.26 
.18 

1 .O 
97.2 

Pocahontas No. 4 
0.14 
1.6 

.12 

.46 
97.7 
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FIGURE 12. - Daily methane flows from degasification holes. 

Figure 2 shows the  loca t ion  of the  underground, 6-inch-diam, s t e e l  
p ipe l ine .  The length of the  underground segment i s  1,700 f e e t ,  followed 
by a segment of about 1,600 f e e t  r i s i n g  v e r t i c a l l y  i n  the  r e t u r n  a i r  s h a f t .  
When methane flow through the  p ipel ine  was 150,000 f t3 /day ,  gas pressure i n  
the  p ipel ine  near the working face  was -5.2 inches water gage. Negative 
pressure i s  due t o  buoyancy of methane as  i t  r i s e s  i n  t h e  v e r t i c a l  sec t ion  
of the  p ipe l ine .  However, a s  the  s e c t i o n  advanced, the  p ipel ine  was extended 
hor izon ta l ly  500 f e e t  wi th  2-inch-diam p l a s t i c  pipe. Because of f r i c t i o n a l  
r e s i s t a n c e  t o  flow i n  t h e  p l a s t i c  l i n e ,  gas pressure i n  the  l i n e  became 
pos i t ive  and some methane began flowing through f r a c t u r e s  i n  the  roof s t r a t a .  
An exhaust f a n ,  i n s t a l l e d  on the  p ipel ine  a t  the  su r face ,  el iminated the  
pos i t ive  pressure underground and increased t h e  flow of methane from the  
drainage holes .  

Daily flow measurements were made a t  the  end of the 6-inch p ipel ine  on 
the  surface  ( f i g .  12) using an anemometer and converting t o  a volume flow. 
Laboratory t e s t s  with a i r  flowing through a 6-inch pipe showed t h a t  the  
v e l o c i t y  measured with an anemometer a t  the end of the  pipe i s  about 24 pc t  
higher than t h e  t r u e  average v e l o c i t y ,  which was determined wi th  a ven tu r i .  
Because the anemometer i s  ca l ib ra ted  f o r  a i r  measurements, the p ipel ine  flow 
measurements were a l s o  correc ted  f o r  dens i ty  of methane ( 4 ) .  Over 12 m i l l i o n  
cubic f e e t  of methane was drained from the  Pocahontas N O .  coalbed over 
96 days. 

RESULTS AND DISCUSSION 

Methane surveys were conducted i n  the  s e c t i o n  before the  d r i l l i n g  and 
drainage phases s t a r t e d  f o r  use as a comparison bas i s .  A i r  v e l o c i t i e s  were 
measured with anemometers. Methane l eve l s  were determined i n  the  laboratory 
from b o t t l e  samples. S ta t ions  1 and 2 a r e  located i n  the  immediate re turns  
from the working faces ,  and s t a t i o n s  3 and 4 a r e  located i n  r e tu rns  about 



1,000  f e e t  outby t h e  working f a c e s  ( f i g .  2 ) .  Because a s p l i t  system of 
v e n t i l a t i o n  i s  employed on t h e  s e c t i o n ,  t h e  methane flow from t h e  f ace s  of t h e  
s e c t i o n  and t h e  methane e n t e r i n g  t h e  i n t a k e  a i r  e n t r i e s  through f r a c t u r e s  and 
j o i n t s  i n  t h e  roof  s t r a t a  a r e  determined by adding t h e  methane flows measured 
a t  s t a t i o n s  1 and 2.  The t o t a l  methane flow from roof  s t r a t a ,  working f a c e s ,  
and t h e  two ou t s ide  r i b s  i s  determined by adding t h e  methane flows a t  
s t a t i o n s  3 and 4 .  

The e f f e c t s  of t h e  roof  ho l e  d r i l l i n g  and dra inage  program on methane 
flows i n  t h e  r e t u r n s  a r e  shown i n  f i g u r e  1 3 ,  which i s  d iv ided  i n t o  f o u r  phases .  
Curves A and B show methane l e v e l s  i n  t h e  r e t u r n  a t  t h e  inby ( s t a t i o n s  1 p lus  
2 )  and outby ( s t a t i o n s  3 p lu s  4 )  l o c a t i o n s ,  r e s p e c t i v e l y .  Base l e v e l  of 
methane i n  the  immediate r e t u r n  was 1 ,700 f t3 /min  and about  2,350 f t3/min a t  
t h e  outby s t a t i o n  (phase 1 ) .  During phase 1, ho l e s  were d r i l l e d  i n t o  t he  roof  
s t r a t a ;  however, t he se  ho l e s  were s h u t  i n  ( f i g .  1 4 ,  phase 1 ) .  

During phase 2 ,  t h e  23 ho l e s  d r i l l e d  and shu t  i n  du r ing  phase 1 were 
connected t o  t h e  underground p i p e l i n e  and opened. F ive  a d d i t i o n a l  ho l e s  were 
d r i l l e d  dur ing  t h e  22-day per iod  ( f i g .  14 phase 2 ) .  Curves A and B ( f i g .  13)  
show a s t e a d y  d e c l i n e  i n  methane l e v e l s  i n  t h e  r e t u r n s  over  22 days;  curve A 
shows a 47-pct r educ t i on  and curve B shows a 43-pct r educ t i on  i n  methane f lows .  

Phase 3 corresponds t o  a 5-day per iod  du r ing  which no d e g a s i f i c a t i o n  
ho l e s  were d r i l l e d  a l though  t h e  s e c t i o n  was advanced ( f i g .  15 ,  phase 3 ) .  
Both curves  A and B ( f i g .  13) show an  i n c r e a s e  of methane l e v e l s  i n  t h e  
r e t u r n s  . 
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FIGURE 13. - M e t h a n e  v o l u m e  in t h e  r e t u r n s .  
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FIGURE 14. - Locations of degosification holes in the working section ( ~ h a s e s  1 and 2). 
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FIGURE 15. - Locations of degasification holes in the working section (phases 3 and 4). 

Phase 4 i s  a  3-day pe r iod  dur ing  which s i x  d e g a s i f i c a t i o n  ho l e s  ( f i g .  14,  
phase 4 )  were d r i l l e d .  The e f f e c t  of t h e s e  ho l e s  was a n  ab rup t  decrease  of 
methane l e v e l s  i n  t h e  r e t u r n s  ( f i g .  13) .  



CONCLUSIONS 

This  i n v e s t i g a t i o n  showed t h a t  roof  ho l e  d r i l l i n g  and dra inage  i s  a n  
e f f e c t i v e  method o f  c o n t r o l l i n g  methane flows from over ly ing  coa lbeds .  
Methane l e v e l s  were reduced s i g n i f i c a n t l y  (47 p c t )  i n  t h e  immediate r e t u r n s  
from t h e  s e c t i o n  i n  t h e  under ly ing  mine and ,  more impor t an t l y ,  i n t a k e - a i r  
methane l e v e l s  were a l s o  reduced. Gene ra l l y ,  s a f e t y  cond i t i ons  were improved 
throughout  t h e  mine. I n  a d d i t i o n ,  t he  mine's e x i s t i n g  v e n t i l a t i o n  system was 
extended and a  c o s t l y  shutdown of t h e  mine was avoided.  

This  method of  methane c o n t r o l  i s  a p p l i c a b l e  t o  any gas -bear ing  s t r a t u m  
t h a t  d i s cha rges  methane i n t o  a n  under ly ing  mine opening. Holes a r e  d r i l l e d  
through t h e  gas-bear ing s t r a t u m ,  and packers  a r e  s e t  immediately below the  
s t r a tum.  These packers  s e a l  a g a i n s t  t h e  wa l l  of t h e  ho l e  and conduct t h e  gas  
t o  t h e  under ly ing  mine opening where i t  i s  d i scharged  i n t o  a n  underground 
p i p e l i n e  and piped t o  t h e  s u r f a c e .  

Gas p r e s s u r e  i n  over ly ing  roof  s t r a t a  i s  suspec ted  t o  be t h e  cause of 
roof  i n s t a b i l i t y  i n  some c a s e s ,  bu t  documented ca se  s t u d i e s  could no t  be found 
i n  t h e  publ i shed  l i t e r a t u r e .  The technique  p r e sen t ed  i n  t h i s  s t udy  can  be 
used t o  reduce gas  p r e s su re  and perhaps a l l e v i a t e  roof  i n s t a b i l i t y .  

S t r a t a  ove r ly ing  coalbeds may c o n t a i n  methane under p r e s su re  i n  t h e  pore 
system. I f  t he  pore system i s  no t  i n t e r connec t ed ,  t h e  s t r a t a  l a c k  permea- 
b i l i t y  and ,  consequent ly ,  roof  d r i l l i n g  and dra inage  w i l l  no t  be e f f e c t i v e .  
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APPEMDIX--CONSTRUCTION OF MECHANICAL PACKERS 

A method of d i r e c t i n g  the  gas flow from dra inage  holes  t o  t h e  p i p e l i n e  
was needed t o  i n s u r e  t h a t  no methane would be emi t ted  i n t o  the  mine workings. 
A mechanical packer was used because of t he  low c o s t  and r e l a t i v e  ease  of 
f a b r i c a t i o n .  F igure  A - 1  shows a  cutaway view of the  packer .  

The only s p e c i a l  p a r t  needed f o r  t h e  c o n s t r u c t i o n  of t he  packer i s  t h e  
rubber  hose t h a t  forms the  s e a l i n g  element.  The hose was purchased i n  a  
60-foot length .  The ou t s ide  and i n s i d e  diameters  of t h e  hose were matched 
t o  t h e  b i t  s i z e  and mandrel s i z e ,  r e s p e c t i v e l y .  The diameter  of t he  packer 
can  be v a r i e d  t o  match t h e  diameter  of t h e  ho le  d r i l l e d .  

The fol luwing i s  a  l i s t  of m a t e r i a l s  needed t o  c o n s t r u c t  a  mechanical 
packer f o r  s e a l i n g  holes  from 1-5/8 t o  2-1/4 inches i n  diameter  (pipe l eng th  
v a r i e d  a s  needed): 

4  Rubber s e a l s  (2 inches i n  l eng th )  

6  S t e e l  washers (5/8 inch  I D ,  1-3/8 inches OD) 

1 Standard b lack  pipe (1/2 i n c h ,  one end p ipe  t h r e a d s ,  one end b o l t  
th reads  

1 Standard b lack  p ipe  ( 1  inch ,  no th reads )  

1 Standard b l ack  pipe coupler  (1/2 inch)  

1 Standard b lack  pipe bushing (1/2 inch  by 1 inch  welded t o  1/2-inch p ipe)  

1 Nut 

,./ 

Flat steel washers. 5/8 in ID, In OD (6) 

,Standard black pipe, I in ID /' 
.- 

'k2- in-10 standard black pipe /' 
with mach~ne threads and nut coupler 

Pipe bushing 0 2  In by 1 in) brazed 
to &-in pipe 

FIGURE A-1. - Cutaway view of mechanical packer. 



The packer i s  cons t ruc t ed  a s  fol lows ( f i g .  A-1) : 

1. Cut approximately 4 inches of s tandard  b o l t  t h r ead  on one end of t h e  
1/2- inch pipe and 2 inches of pipe th read  on t h e  o the r  end. Screw 
t h e  matching nut  on to  t h e  b o l t  threaded end. 

2 .  Weld o r  b raze  t h e  p ipe  bushing on t h e  b o l t  threaded end of t h e  
1/2- inch p ipe .  

3 .  S l i p  a  washer over t h e  o the r  end of t he  1/2- inch p ipe .  

4. S l i p  t h e  1-inch p ipe  over t h e  112-inch p ipe .  

5 .  A l t e r n a t e l y  add washers and rubber  s e a l s  t o  t h e  1/2- inch pipe u n t i l  
t h e  pipe t h r eads  a r e  reached.  

6 .  Screw t h e  p ipe  coupler  onto t h e  1/2- inch p ipe .  

The packer can now be expanded by t i g h t e n i n g  t h e  nu t  which cumpresses t h e  
rubber  s e a l s .  
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