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A,tsSTR{CT

The sem gas  conten t  a t  Westc l l f f

Co l l ie ry  i s  12-15m3/ tome o f  coa i .Compcs i t i cn

rmges f rom 99% CH\  ta  5Z/ "  CO2 in  one area .

Desorp t ion  ra tes  are  propor t iona l  to  gas

conten ts  md CHI  i s  p re fe ren t ra f l y  desorbed.

A crushed zone of reduced perneabil ity ad./i lces

wi th  the  face  -  a t  Westc l i i f  r ibs ide  c rushed

z o n e s  a r e  2 . J  t o  6 . ! n  v i d e .  p o o r  s t r a t a  c o n t r o l

w idens  c rushed zones .  12  nonths  o f  p re_dra imge

allowed 2 heading development and longer pil las

to  be  used t r  a  v i rg in  a rea  ins tead o f  3  o r

nore  head ings  w i thout  d ra inage.  Mach ineC coa_

may lose  as  nuch as  1 .6n3/ tonne be ing  conveyed

out  o f  Westc l i : f  Co l f ie ry .  Erper lence d i f fe rs

f rom n ine  t :o  n ine .  Per rea t ion  is  a i fec ted  by

t ime,  s t raLa movements ,  chang ing  water  contenr ,

md chang ing  s t ress .  perneab i l i t ies  . ra ry  f rom

lomd fo r  P i t t sburgh Sem to  fess  than 1  md fo { .

the  Bu l i i  Sem.  A 'L l  . ,hese da ta  and d l f fe rences

awai i  fu r ther  inves t igac tcn .

INTRODUCTION

The en iss ion  o f  f ; redmr  f ron  coa l  in to

n ine  wcrk i rgs  i s  a  conp lex  combina t ion  c i

, tocesses .  Sem gases  f l cw in to  n ine  work ings

on ly  as  a  resu f t  o f  the  pressure  drcp  be tveen

rh-^ gas wi-.:hin the cca.I sem and the atncsphflc

pressure  tn  work ings .  As  a  face  aCvances ,  the

gas  pressure  in  the  v i rg in  coa l  la f l s  and the

adscrp t lo r  equ i l tb r lm is  d is tu rbed,  resu l t ing

rn  rhe  re ,ease o i  some preycus ly  adsorbed gas

fn to  the  n ic ro i rac t f , res  and c lea ts  in  the  face

a r e a .

fc rmer ly  a t  Wes!  C l i f f  Co l l ie ry .

FACTORS A-EI'EC?ING GAS RELEASE T'ROM TITE WORKING SEAM

By

P. J.  HAYES1

Gas re lease cont inues  f rom outbye r ibs  and f rcm

coal already von. The rate md extent of gas

re lease f ron  the  work ing  sem depends main ly

u p o n :  1 .  g a s  c o n t e n t ,  2 .  g a s  c o m p o s i i : i o n ,

3 .  pos i t ion  o f  the  abutnent  zone,  )+ .  the

r iegree  o f  b reakage o f  cu t  coa l ,  ano 5 .  changes

in perneabil ity,

GAS CCNTENT

The gas  conten t  o f  coa l  ,  . ro lme per  unr t

nass ,  m3, r tcnne or  cn3/g ,  depends pr inar i l y  on

sem gas  pressure ,  s t ra ia  tempera ture ,  adsorp_

t ive  capac i ty  and mois tue  ccn i ten t ,  ano to  a

lesser  ex ten t  on  permeab i l i t y  and d is tance f r .on

outc rc ! .  The conten t  s tead i l y  decreases  f rcm

the t ime coaf  ex is ts  in  a  v i rg in  s ta te  to  the

t i n e  o f  t t s  u t i l i s a t i o n .  D e s c r l r i o n  o f  g a s  i r c n

coa l  i s  p rcpor t iona l  to  the  gas  conten t ,p rov lc_

ing  a l l  o ther  fac to rs  remain  cons tanr ,as  shom

by the  cmula t i . /e  descrp t icn  cur r /e  fo r  a  Bu l i r

sem sa .mple ,  F lg  l .  I f  the  gas  ccn ten t  ha iyes

the  gas  en tss ion  ra te  shou ld  a ]sc  ha lve .pre_

dra inage a t  West  Cf i f f  Cc f l ie ry  NSW, o i  lTO

panef  by  d r i l .L ing  boreho les  f ron  an  ad jacen i

panef  re iuced the  gas  conten t  o f  U7C pane l  coa i

f rcm a  v i rg in  va lue  o f  12-15  n3 / tome tc  less

than \m3/ tonne in  seven months .  'wr th tn  12  mcnths

gas  conten t  had reduced to  less  thm lm3/ tcnne

wr th  the  resu l t  tha i r  nc  gas  prcb ims t re re

exper ienced in  d r iv ing  the  two_head ing  deve lcp_

ment thrcugh rhat was othervise virgin ground.

GNS OOMPOSITION

The 2  pr inc ipa i  componen is  o f  ncs t  sem

gases are  carbon d iox ide  and ne thane.  Conpos i_

t ion  can vary  f rom near ly  IOO% CHL to  near fy

aOO% CaZ.  Minor  cons t i iuen ts  inc lude n i t rcgen,

e thane,  he l im,  hydrcgen and h igher  hydrocarbo ls ,
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n 1 0  2 0  3 0  L 0
t e s  r p r  i o n  o f  s m p l e  E ,  B u - L l i  S e m ,
W e s t  C l l f  i  C o l l i e r y  ( - l :  , m )  a t  3 0 o C
- -  r  q  . . - o -  ' o n r r i " h - i m  n e l : t a n e
. , l c - r h + i

i  -  . ; . '  . - T F  . i a . - _  t F o 6  c . n D .  S ' : . n n  v r - , . 1 ,  r ;

j i n  r  i r  " . e r  r e - a L j / e L /  s h c r - ,  l i s L a n c e s ,

A  , . e s r  ; I i f f  ' - I l  i c , r y  u h e  C ! 2  c o n c e : : r a c - : n  L r

i  h e  F  r l  I  i  s e a m  g r c  a q  : : n , n l  p r i  f r n m  i  n - r e r m

hc les ,  var ies  f rom less  t ]nan !% CO2 in  the

i  r - r e r r  u o r k i n g :  t .  o y e r  5 0 %  i n  t h e  N . r L h e : n

' )  h r r  F i o ,  a ^ . 1  h ' c  .r ! r  ^ ^ " 6 -

h i g r e r  a o s o r p t i  v e  c a p a c t L y  f -  r  ) 0 2  c n a n  C H L  ,

F i o  i  i  I  r r e r  r r : e c  f n i q  h r r  r  n l n r  n F  t h o  a r t

I  o ( -  c n r r i  l i h r i , , m  i - n  i < ^ r h F m e  ^ f  - H ,

anC C02 io r  3u f t i  sem coa l  : ron  West  C l i f f

C o I l i e r y .  T h e  i m p f : c a t l o n  i s  t h a t  f o r  a n y

o : v o n  c F o -  + L a  o r e n + , e r  t h c  n ^ - - .  / * : . n

o f  C O ,  i n  r l - e  e a c m  s n c  r h a  h i o h c r  i <  t h a

c o m b i n e d  o v e r a l  I  e n i s s i o n  r a t e  p r o v i d i r g  c h e

s p A n  n F F q q  r a  - a - F  i  n c  F h e  S m e .  A t  b h e  S m e

2 d s . r h a d  o a q  . ^ h . A n f r a f  i - h  ^ r  d o c n r l c  n a r a

r a p - i d l y  t h a n  1 0 2 ,  s o  t h a r  f o r  a  c o a l  s e m

d i q J  r i n r .  . ^ n f t i n i n o  h n i  h  o r c o <  r h a  r n c n r h o A

C 0 2 / C H .  r a t  i o  i . c r e a s e s  u l r h  r j m e .  I n  o t h e r

? . r d q  i h a  i ' ^ - . a n t r . r i n n  n f

m e A c r  r c d  ' r n m  q p r n l  i n - < o o m  h a l o c  m r r r

TiAYES

F i g . 2 .  -  j 0 2  r . n c e n L r a r i o n  i n  B u 1  l l  S e m  g a s
a t  h ' e s t  C l i f f  C c l L i e r y ,  l l . S . \ , i .
e . g . x l = L % C a Z

. :  o :  ^ ' '  I

c d  o q e  n i v i , r r o

ABIJTMENT I]'ITLUENCIS

The sc f id  cca l  ahead o f  the  work ing  face

can be  d iv iCed in to  tvc  sec t ions ,  one sec t icn

on the  face  s ide  o f  the  f ron t  abutnent  and r :he

o t , h e r  b e y o n c i  L h e  a b u L : e n i  i r ' - o  ' h e  s  I  i d  c o a j .

T h e  r e g i o n  o n  c n e  f a c e  s i d e  o I  t h e  f r o n -

abutment  i s  ca l fed  the  f rac tu red  or  c rushed

z o n e .  K i s s e - f ( 1 9 7 2 '  l e c a j r e C  e - r i d e n c e  f . _ .  t ;  p

6 v i c r 6 - , a  r a  r h i ^  - r - -  r n ^ r r r d i . o  i l s  ' ^ . - - p  - d

b a r m a a h i l i t v  a o n n r r o d  t n  r h o  z n ^ a  h a v n r d  i h a

a b u t r e n t  i n t o  t h e  s o l j d  c o a l . D u e  c :  f r a c r u r i n g

w i t h i n  t h e  c r u s h e d  z o n e ,  : h e  p e r r e a b i - i r y  i s

n u c h  h i g h e r  E h a n  i n  t , h e  - i n t a c r  z o n e  b e / o n d ,

u h i . h  e v h i b i f q  v i r o i n  n c m a r h i l i l \ .  A c  i h o

n r F V i . r r q . r r r c l - A / :  7 . h a  i <  m i h o d  ^ a , r  ^ p i , c n 6 ^

zone is  lo rned ahead o f  the  face .Ca icu la t ions

of  i ,he  ex ten t  o f  the  c rushed zone a t  West
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i s  s i m i l a r  i n  s h a p e  t o  t h e  g r o u n d  s t r e s s  o r o f i l e

i n  t h e  v i c i n i t y  o f  l o n g w a l l  w o r k i n g s  ( M u c k e ,

1 9 7 5 )  a n d  d e p e n d s  o n  t i m e ,  r o o f  s u p p o r t  m e t h o d ,

method o f  work ing  and face  advance ra te .  The

- r ^ F i  l o  n €  F l n r . r  r a r 1  i -  - -  - .  * ^ r - F ^ r  - ' ' L - , , ^ h
P L U !  r l E  L d L q u r  d l L l r u u a - .

i  n r r a r c a l .  r a  t h o  o r o r r n d  c r r e c e  h p w n n . l  r h a

abutment  zone.  Permeab i l i t y  i s  the  cont ro l l ing

fac tor  on  the  face  s ide  o f  the  abutment .  The

'  ' - '  ^  ' o r e h o l e  a t  W e s t  C l i f fr ! u w  P r u L l r q  d 1 u r , 6  d  u

a shear  zone is  shown inu u r r l c r y  r r r L c r s c r L l ' 1 5

F i o -  5 .  T h e  a h r r f r e n t  a n d  c r u s h e d  z o n e s  a r e

c l e a r l y  e v i d e n t ,  a s  w e l l  a s  t h e  d e s t r e s s e d

nature  o f  the  shear  zoue.

I n  a  s t u d y  o f  t h e  B a r n s l e y  s e a m  a t  Y o r k -

s h i r e  ] ' l a i n  p i t ,  R i c h a r d s  ( 1 9 7 8 )  f o u n d  t h a t  f o r

n n o  r l r r r n n i n o  t a e o  n r ar  _ _ c L r s r n g  n e E i l a n e  q r a r n a g e ,

7 4 ) / .  c t  r h e  o a s  i n  c h e  F i r  t r  t s h c  n ' r r \ v o  c n d  n f

t h e  d i s t r i c t  r e t u r n  o r i g i n a t e d  b e t w e e n  t h e  t w o

r L u L e r )  L r r L 4 N  u  r d ' u y a f r r B

p o i n L s .  0 f  t h e  g a s  b e t r e e n  t h e  E w o  p o i n t s ,  4 8 2

c a m e  f r o m  t h e  t a c a -  r o o f  a n d  f l o o r  a n d  5 2 2  f r o m

r h p  o r r r F  a r  . h -  r  r  i  I  o r r -  n f  i h -  . - ^  " h i  - q
u L  ! . ' \  - J -  L b J L q .  v r  L r r s  6 d r  w r r t u ' r

^ r i " i n a - e d  f r o n  r h e  s e a - -  6 6 ' 1  e m a n a l e d  F r o n ' h e

-  - L ^  E - ^ ^  I  <  -  - ^ - - i, i l d  t u L  L

r o c , ' l r c  i - n l i a i  r h . F  r h ^ , , r  1 q "  ^ F  - h ^  F ^ F . l  ^ .- . . - -  - J O U L  J J -  O L  L n e  L O L a r  g a S

m a k e  f r o m  t h e  d i s L r i c L  o r i g i n a t e d  f r o m  t h e

e x p o s e d  f a c e  o r  t h i s  a d v a n c i n g  l o n g w a l l .  P r e -

i c  ^ ^ ^ ^ i f r ^  , , ^ . . r J  L ^ . , ^u ,  r  | , 4 t s r  ! ,  P U J s  r  u

r e c r r -  r  o /  i n  r  m r  1 n -  . n l t r i b u t i o n  r o  m e L h a n e

^ a  ^  , ^ . - ^ ^ F  1 ^ ^ ^ , , ^ 1 1  L I ^ ^ 1 ,  ^ L ^ , , 1 :  t s L ^ -  ^ : ^ - : E
L u , r S w d  r

i e 2 n ' r v  r p d r r c e  o a s  n r o h l e m s  o n  C h e  f a c e  i c s e I I

as  we l l  as ,  nore  inpor tan t ly ,  reduc ing  emiss ion

i n l o  I  h e  n e v r  d e r r p l n n i n o  o r r e  r n r . l c  i d  f h a

p o i n t  w h e r e  i t  d o e s  n o E  r e t a r d  a d v a n c e  r a t e s .

l - h e  , , c e f  ' r l n e e c  n F  n r o - , 1 - ^
1 r  !  s L 4 r r r d B c

L , ,  F L ^  f , - : , , i - ^  ^ f  -  F . , ^ _ h a e r J i n o  d p u e  I  ^ n m p n fu y  L i ' c  u r  ! v ! r ' B  u r

L k - ^ . . - L  r  r  . l  - : c t  a t  w e s t  c l i f f

C o l l i e r w  n r o v i n r r c l w  n r o - d r e i n e /  € n r  l n  t n

I  2  m o n t h s .  W i t h o u r  p r e - d r a i n a g e ,  a  m i n i m u m  o f

t h r e e  h e a d i n g s  ( t w o  o u t s i d e  r e t u r n s )  w o u l d  h a v e

h e c n  r o a r r i  r o d  e n r l  n . i  I  l - -  1 ^ ^ ^ F L ^  . . ^ , . 1 r  L - . - ^
P r  

f  ! d !  ! e L r B L L

been reduced.

4  6  E  1 0  2 A

l r s i ance  f " om R i& ide ,  m

' *  -  ^ n r e h ^ l e  i n  q  v i  r o i n

a r e a  o f  W e s t  C l i f f  C o l l i e r y ,  i n  t h e
u i c i n i t y  o f  a  s n a L I  s h e a r  ( o u r b u r s t )

z o n e .  A b u t m e n t :  1 0 - 1 2  n
Shear  zone:  18  n

EMISSION FROM BROKEN COAL

.  
i ? t  r ! .

d s  r f  i , : 1  i d

r o i ;  l . r t n  I

I  .  j n h

-i- -. - -_-a -
\ -  i  t :
] I  !  1 "E

. E
\

co

E

. 9

. !
E

R

/ l

l l
b i

6r,

l^
c / ' J
i  r ig

V

F i o .

Coal  wh ich  has  been cu t  and t ranspor ted

^ r ' r  ^ F  t s h p  h i n a  o r  e n r l  c n r l l o r J  f r n m  r i h c  i n

- i - ^  - ^ ^ 1 . , ^ , , ^  ^ - -  ^ ^ - F ^ l -  ^ A l ^  ^ . , ^ - F i ri l t L . r c  L U a u w a y S ,  c a u  c o i l L a L n  a p D r < e I J o t c  q u a n L  I  t l e

n f  o r <  i n  r h o  r l o < n r h a r l  c t a r o  T h o  p i  r r  c h ' , r - h

s e a m ,  U . S . A . .  f o r  e x a m p l e ,  h a s  b e e n  r e c o r d e d

r o  c o n t a i n  u p  t o  8 0 ' ;  o f  i L s  o r i g i n a l  g a s

c o n f e n T  i n  l r r m o  c o a l  e o I I e c L e d  a L  L h e  I f c e s

of  deve lopment  work ings  (K isse l l  and Deu l ,  1974)

p n e e i \ l  \ /  r h p  a . - l i e s t  w o r k  o n  r e s i d u e l  o a s

conten t  ln  n ined coa l  was  car r ied  ou t  by  Craham

( 1 9 2 1 ) .  F r o m  p r e v i o u s  w o r k  w h i c h  i n d i c a t e d  t h a t

seam gas  desorbed very  s lcw lv  even f rom

s n a l  I  I ' r - n s  ( ' 5  m m )  C r a h a m  c o n c L u d e d  t h a r  c u r

The  Aus . l .M .M .  l l l awa r ra  B ranch  Sympos ium,'Seam Gas Drainage wi th par l icular  reference tothe Working Seam",  May 1982
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6 as Pressure, k Pag

F i g .  J .  E q u i l i b r i u n  D e s o r p L i o n  I s o t h e r m s  f o r

B u I l i  S e a m  c o a l ,  W e s t  C l i t t  C o I I i e r y ,

3 0 o C ,  0 Z  m o i s E u r e .  ( H a y e s ,  1 9 8 2 )  '

u r e  w h i c h  E t t i n g e r  ( 1 9 5 8 )  c a l l e d  t h e  " g a s

b a r r i e r " .  T h e  g a s  b a r r i e r  i s ,  i n  [ a c t ,  t h e

f r o n t  a b u L m e n r  1 i n e ,  b e y o n d  w h i c h  I i t c L e  g a s

l f o w s  f r o m  L h e  c o a l  s e a m  i n t o  t h e  w o r k i n g s .

Most  o f  the  gas  f rom the  work ing  seam on long-

w a l l  f a c e s  o r i g j n a t e s  f r o n  E h e . f r a c L u r e  z o n e ,

wh ich  is  in  nos t  cases  5  -  l0  m ahead o f  the

f a c e ,  T h e  e x - l s t e n c e  o f  a  g a s  b a r r i e r  c a n  b e

j u s t i f i e d  i n  t e r m s  o f  t h e  e f f e c t  o f  s t r e s s  o n

t h e  p e m e a b i l i t y  o f  c o a l .  S o m e r t o n  ( 1 9 7 5 )

f o u n d  L h a r  i n c r e a s e d  a p p l i e d  s t r e s s  i n  c o n s t r -

a ined spec imens o f  coa l  caused a  decrease in

p e r m e a b i l i c y  o f  s e v e r a L  o r d e r s  o f  m a g n i t u d e  u P

t o  t h e  p o i n r  w h e r e  m i c r o f r a c t u r i n g  o c c u r s ,

b e y o n d  w h  i c h  p e r m e a b  i  I  i  c y  i n c  r e a s e d  '  T h i s

ind ica tes  tha t  the  abutment  s t ress  (wh ich  is

i  n  m : o n  i  f r . l p  r h : n  i h F  v i  r o  i  n  v e r  f i c a l
5 ! s s L ! !

2000

0  1 0  2 0  3 0

: i s t a n c e  f f o m  r i b s l d e ,  m

I i g .  4 .  V a r i a t i o n  o f  s e a m  g a s  P r e s s u r e  w i t h

d i s t a n c e  i n t o  s o l i d  c o a l '  W e s t  C 1 1 f f

C o l l i e r y ,  A p p i n .  T h e  d e P t h  o f  t h e

crushed zone can be  ca lcu la ted  where

t h e  p r e s s u r e  i s  z e r o ,  a n d  v a r i e s  f r o m

2 . 5  t o  6 . 5  n .

s t r e s s )  c o u l d  d e c r e a s e  p e r m e a b i l i t y  t o  t h e  e x t e n t

r h e r  r h e  r e s i o n  o f  h i s h  v e r t i c a l  s t r e s s  c o n c e n -

t ra t ion  ac ts  as  a  gas  bar r ie r ,  d iscourag ing  the

f low o f  gas  f rom beyond the  abutment  zone in to

w o r k i n g s .  J o l l i f f e  ( i 9 7 0 )  s t a t e d  t h a t  t h e  w o r k

d o n e  b y  B r i t i s h  l ' 1 . R . E .  f o u n d  t h a t  8 a s  m i g r a t e d

on ly  about  15  n  f rom so l id  r ibs  in  l -ongwal l

o : r e s : . r i : e p n t  t o  " o a f  a r e a s ,  a n d  t h i s  d c c o r d s

w i t h  t h e  c o n c e p t  o f  a  g a s  b a r r i e r '  O n  f a c e s

w h i c h  a c h i e v e  p o o r  s t r a t a  c o n t r o l '  w i t h  e x c e s s -

ive  abutnent  loads  lead ing  to  ex tens ive  f rac tu r -

ing  ahead o f  the  face ,  gas  emiss ion  f rom the

seam in to  the  work ing  area  is  inc reased due to

the  w idened c rushed zone;  poor  roo f  con t ro l  can

I e a d  t o  L n c r e a s e d  g a s  e m i s s i o n .

c rq  n rpcqr r re  neesr r remenLs made in  subad jac-

en t  seams show tha t  the  gas  pressure  pro f i le

;
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coa l  re ta ins  a lnos t  a l l  o f  i f s  o r i .g ina l  gas  fo r

a  r o l a r  i v e l v  l o n o  r i n F  - - r

c o n c e n t s  a r e  a  g o o d  i n d e x  o E  g a s s i n e s s .

H i n s L e v ' s  w o r k  o n  s a n p l e s  o f  f a c e  c o a l  ( H i n s l e y ,

Konda and Mor r is ,  1965)  ind ica ted  thar  "un less

t h p  . o a l  i s  o e r m e a h l e  a n d  t h e r e  i s  n u c h  f i r e -

j  r m n  a m ; c < i n n  F r n m  r h a  - ^ ^ F  - - ,  € l ^ ^ -  F L  .

r c r i d r r r l  F i r e d e m n . n n f e n f  o f  t h e  c o a L  s h o u l d

g ive  a  rough gu ide  to  the  1 ike1y  emiss ion  tha t

w i l l  occur  when the  seam ls  worked" .  I lowever ,

no  cor re la t ion  was lound be tween methane emissron

f t  t h e  s t r t u t o r y  l 0  m  p o  i n t s  a n d  r e s i d u a l

n e t h d n e . o n L e n t  a n d ,  i n  c o n L r a s f  t o  G r a h a n ' s

e a r l  i e r  w o r k .  l - t i n s l e y  d i d  n o r  c o n c L u d e  r h a E

n i n e d  c o a l  r e t a i n e d  m o s t  o f  i t s  o r i g i n a L  g a s

c o n t e n t .  L a t e r  w o r k  a t  t h e  P i t t s b u r g h  R e s e a r c h

C e n t r e  b y  K i s s e l l  a n d  D e u l  ( 1 9 7 4 )  o n  t h e  s u b -
' , . , . ,  , r f  c o r ' \ r - " k e o p  e n d  m e r h a n e  e m i s s i o n

f o u n d  t h a t  t h e  P o c a h o n t a s  N o .  3  S e a m  c o n t a i n s

L e s s  L h a n  i 0 - ' o t  i L s  o r i g i n e l  g a s  c o n t e n L

u h o n  c r m n l c d  f r n m , l p w e l n - - o . r  F " ^ - .  I n  t s h i c

s e a n .  L h c n ,  9 0 1 ,  o I  t h e  o r i g i n a L  g a s  c o n t e n L

h a s  e . : a p e d  b e f o r e  L h e  c o a l  b e c o m e s  E h e  w o r k -

i n g  f a c e .  I  f  o n l v  I O " j  o t  t h e  o r i g i n a l  g a s

remains  on  the  face ,  then the  s ize  to  wh ich  i t

l s  b r o k e n  c a n  m a k e  l i t t l e  d i f f e r e n c e  t o  m i n e

g a s  n a k e .  S o m e  c o e I s ,  h o w e v e r ,  r e c a i n  u p

r o  8 0 .  o f  t h e i r  o r i g i n a l  g a s  c o n t e n E  w h e n  e x -

p o s e d  a s  f a c c  c o a l  ( K i s s e l L  a n d  D e u l  ,  L 9 7 ! ,

p .  I 8 l ) .  N e v e r t h e l e s s ,  c o a L  b r e a k a g e  s c i l l

.  f ^ -  ^ - 1 . .  .  - i n . r  n p r . a n f . o e  ^ f  r ^ f .  I

gas emiss ion .  Th is  was shown in  s tud les  o f  the

P i r t s b u r g h  S e a n  ( C e n t i n b a s ,  L 9 7 2 )  w h i c h  c o n c l u d e d

r h f , t  b r e a k a g e  a c c o u n t s  E o r  I 0 - I 5 Z  o f  L h e  t o E a J

o i . k e - i ^ v  ( 1 9 6 9 )  F n i l n r t  f h , +  o . e

F r n m  e o : l  h r a : l r r o o  n n .  F " n i ^ . 1  P F i F i - h  1 ^ n ^

w r "  F r n -  r o n r p e p n ' a d  n n l v  A - l ' 5 " 1  a F  f h p  o . c

n a k e  b e L w e e n  t h e  t w o  s t a r u t o r y  l 0  n  p o i n t s .

l l t h o r r o h  e n m n l a t a  l " r .  - - -  ^ - 1 "  - , ' - i  l - a lv "  L )  4 v d  L r d u f , c

fo r  severa l  Aner ican  and Br i t i sh  Seams,  i t

s e H n s  r e a s o n a b l e  t o  a s s u m e  c h a t  b r e a k a g e  i s

a  m i n o r  c o n t r i b u t o r  t o  m e t h a n e  e m l s s i o n  i n

o t i re r  seams as  we l l .  In  seans  l i ke  the  Pocahont -

as  No.  3 ,  gas  r3 lease occurs  over  a  re la t i ve ly

shor t  t ime and l i t t le  gas  remains  in  face  coa l

f .  h a  r a l p r < e r i  d , , r i n o  L r a r L - - a  - -  - ^ - - -  I  i '_  - -  -  - - o  d  t  e a ( a g e  .  _ n  s e a m s  L  I K e

t h e  p i r l s h r r r o h  s a s  r e l e a s e  o c c u r s  o v e T  a  r e l a t -

i w e l w  l o n q  t i m p  r n d  i n s u f f i c i e n t  t i m e  l s  a v a i l -

a h l e  f r o m  e y n o q r r o  n n  t h e  f a c e  u n t i l  i t  l e a c | e s

t h e  s u r f a c e  t o  p o l l u t e  t h e  m i n e  a t m o s D h e r e

w i r h  f i r e d a m p .  W i t h  r e f e r e n c e  t o  t h e  B u I I i  S e a m ,

t h e r e  a r e  s e v e r a . I  i n d i r e c t  i n d i c a t o r s  a s  t o  t h e

c o n t r i b u t i o n  o f  c u t  c o a l  t o  t h e  t o t a l  m e t h a n e

^ , , r n , , r  ^ F  r h o  m i n o  F : - ^ + l  -  u ^ r n F - . i ^ - t  ^ F l
r )  L ' d ! 5 ! d v c >

. F  v a F r ^ n ^ 1 i F . -  a ^ l  l r  . r v  t ' l O A  l )  o n  d p q n r r r i ^ n  O f

' -  f r o m  b o r e h o l e s  d r i l l e o5 d > I L u | t r L w d l L u L L r L l S b

a h e a d  o f  t h e  f a c e  i n d i c a t e d  a  r e s i d u a l  g a s

c o n t e n t  o f  n o t  m u c h  m o r e  t h a n  1 . 0  m 3 / t o n n e .

I ^ l o r k  d o n e  a t  W e s t  C l i f f  C o l l i e r y  b y  G r i f f i t i r s ,

c i t e d  b y  L a m a  (  1 9 8 0 ) .  s h o w e d  t o r  o n e  p a n e l

F L ^ F  F L ^  - - . . i - , , -  - ^ -  - ^ l ^ ^ ^ ^ f ,  f , ,  L - ^ . 1 . - ^ ^  ^ ^  |
E d >  r c ! c d 5 < u  u y  D r < d ( d B <  d ' r u

r ib  emiss ion  w i th in  the  imed ia te  face  area

w a s  l e s s  t h a n  1 . 0  r 3 7 a o . r " .  I n  o n e  f a c e  s a m p l e

'  - d r r : n n  i  n o  r l p r r e  I  a n m p n  rr u " L  d  r d P  ! . \ P " ' r . . 1

h e : d i n o  F t  l ^ l c c t  C l  i F i  r h p  t ^ r . l  o , e  . ^ n t p n r

{ c o m n o s i r j o n  9 9 i .  C , H .  )  w a s  c a l c u l a t e d  a s  1 0 . 8  n 3 /- ' "  - " t

t o n n e  S T P .  F r o m  t h e  d e s o r p t i o n  c u r v e  o f  t h e

s a m n L e  s h o w n  a s  F i g , 6 .  i r  c a n  b e  s e e n  t h a f  f o r

t h e  m i n u t e  o r  s o  t h a t  t h e  c o a f  w o u l d  b e  i n  t h e

F a e e  a r e t  r f ' o r  r . r r  r ' n o -  o n l  v  L "  r  c  f h p  d e " ^ - b a b l e

o r c  . ^ n f t r n t s  u n r , 1 r l  h p  a m i  r r a ;  r n r l  r h : r  i n  r h o

1 O  - i n  r - n r r i r a , . l  r n  - e r c q  f h p  s r , - c r . p  - h p . o a I

w o u l d  h a v e  e n i t t e d  l e s s  t h a n  1 5 2  ( 1 . e . ,

I . 6  m 3 / t o n n e )  o f  t h e  d e s o r b a b l e  c o n t e n t .

S L n c e  t h e  o v e r a l  I  m L n e  o u t p u c  o f  m e t h a n e  i s

a b o u t  4 0  * 3 7 a o . . .  ( n o t  i n c l u d i n g  d r a i n e d  m e t h a n e ) ,

i t  i s  o b v i o u s  L h a L  t h e  m a j o r  s o u r c e  o I  g a s  a t

! . J e s t  C l l f f  i s  t h e  c o a l  r i b s ,  a n d  t h a t  t h e  r e s i d u a l

o : s  c o n r p a i  ^ c  F l r p  e . a l  o n l v  c o n r r i b u t e s

i -  ^  - i - ^ - . , - , ,  F ^  - L ^
L r w L  w a f  r u r r r c  g d 5  r , 4 -  s ,

H o w e v e r ,  e v e n  L h o u g h  c h e  g a s  i n  f a c e  c o a f

c o n L r i b u t e s  l i t t l e  r o  t o t a l  m i n e  g a s  m a k e ,

i r  . : n  h o  a  c i o n i F i e r n r  F r n r n r  i n  n n l  L ' r i ^ n  ^ f

the  face  area .  Emiss ion  f rom cu t  coa l  cou fd

i n c r e a s e  g e n e r a l  b o d y  g a s  a r  t h e  [ a c e  b v  0 . I - 1 . 0

C H , .  d e p e n d i n s  u D o n  r e s i d u a l  p a s  c o n t e n r
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T ime a f ie r  sampl ing ,  minu ies

F i g .  6 .  D e s o r p t i o n  o f  a  f a c e  s a m p l e  f r o m
I , i e s r  C l i f f  C o l l i e r y :  - 7 3  +  3 ^ m ,
o r i g i n a f  g a s  c o n t e n t  1 0 . 8  c m j / g ;
0 . 9 2  m o i s t u r e ;  s e a m  g a s  9 9 2  C E ! ,

( l - l l  m l / t o n n e ) ,  a l r  q u a n r i r y  ( 2 . 4  -  9  n 3 / s )

a n d  l o a d i n g  r a t e  ( 4 - 8  t o n n e / n i n ) .

PER] {EABIL ITY EFFECTS

In-seam boreho les  have enab led  much bas ic

i n f o r m a t i o n  a b o u t  t h e  r e l a t i o n s h i p  b e t w e e n  c o a l

a n d  c h e  c o n t a i n e d  s e a m  g a s  t o  b e  o b t a i n e d .  T h i s

i n f o r n a t i o n  i s  o f  g r e a t  h e l p  i n  d e s i g n i n g  d e g a s -

i f i ca t ion  layouts  and o ther  methane cont ro f

t e c h n i q u e s .  B o r e h o l e s  w e r e  u s e d  i n - s e a m  a t

I ' Jes t  C l i f f  Co l l ie ry  to  derermine background

in fo rmat ion  on  the  na ture  o f  f lows and pressure

i n  r h e  B u l l i  S e a n  ( H a l l ,  1 9 7 8 )  a n d  t o  a t t e m p t

to  op t i ,m ise  boreho le  spac ing  fo r  in -seam degas_

i f i c a t l o n  ( L a m a ,  G r i f f i t h s  a n d  M a r s h a 1 1 ,  1 9 8 0 ) .

M o s t  i n f o m a t i o n  o b t a i n e d  f r o m  b o r e h o l e s  r e l a t e s

to  the  permeab i l i t y  o r  f lu id  conduct iv i t y

( M o r d e c a i  a n d  M o r r i s ,  I 9 l 4 )  o f  t h e  c o a l  s e a n .

P e r m e a b i l i t y  r e f e r s  t o  t h e  a b i l l t y  o f  t h e  c o a l

t o  t r a n s m i t  g a s  w h e n  a  p r e s s u r e  o r  c o n c e n t r a t i o n

g r a d i e n t  e x i s t s  a c r o s s  i t .

P . J .  T L { Y E S

One major  charac ter is t i c  o f  coa l  sear r

permeab i l i t y  i s  tha t  the  measured pemeab i l i r l .

to  methane appears  to  inc rease w i th  t ine .  Th is

w a s  f l r s t  r e p o r r e d  b y  K i s s e l l  ( 1 9 7 3 ) ,  w h o  f o u n d

t h a t  s o l i d  r i b s  o f  o l d e r  w o r k i n g s  o f  a  n i n e  w e r e

more  permeab le  than r ibs  o f  new work ings .

Zabetak is  surveyed the  r ib  emiss ions  o f  a  gassv

Pi t tsburgh seam mine (1972)  and found thar

s e c t l o n s  o f  r i b  c l o s e  t o  t h e  w o r k i n g  f a c e  a n d

f resh ly  exposed by  min ing  were  emi t t ing  gas  a t

the  same ra te  as  comparab le  r ib  hundreds  o f

ne t res  ou tbye  and exposed fo r  nany  nonths .

P r e l i m i n a r y  w o r k  a t  W e s t  C l i f f  C o l l i e r v  i n d i c a t e d

a  s i m i l a r  e f f e c t .  I f  t h e  r i b  p e r m e a b i l i r y  r o

m e t h a n e  w a s  c o n s t a n t ,  t h i s  c o u l d  n o t  h a v e  o c c u r r e d

s lnce  o lder  r ibs  wou ld  y ie ld  nuch less  gas  than

f r e s h l y  e x p o s e d  r i b s  n e a r  t h e  f a c e .  S e v e r a l

f a c t o r s  c o u l d  a c c o u n t  f o r  t h i s  i n c r e a s e  i n

p e r n e a b i l i t y ,  O n e  i s  t h e  d e s t r e s s i n g  o r  r e l a : < _

a t i o n  t h a t  r a s u l t s  f r o n  s t r a t a  m o v e m e n t s  t h a l

accompany n in ing  (Srewar t ,  L91L) .  Another  i s

the  coa l  shr inkage resu l t ing  f rom the  loss  o f

n e t h a n e  ( M o f f a t  a n d  W e a l e ,  1 9 5 5 ) .  K i s s e l l  ( 1 9 7 5 )

r e a s o n s  t h a t  t h e  n o s t  p r o b a b l e  e x p l a n a t i o n  i s  a

r e l a t i v e  p e m e a b i l i t y  e f f e c t  i n  w h i c h  t h e  f l o w

of  methane is  par t l ) r  con t ro l led  by  the  degree o f

water  sa tura t ion  in  the  coa l  seam:  the  permeab-

i l i cy  to  methane increases  as  the  water  in  the

coaf  decreases  and a l lows nore  pore  space ava l l -

a b l e  t o  t h e  g a s  p h a s e .  T h i s  a s s u m p t i o n  w a s

based on  the  observa t ion  tha t  as  the  water f low

f r o m  i n - s e a m  h o l e s  d e c r e a s e d ,  t h e  g a s  f l o w

i n c r e a s e d  t o  a  p e a k ,  t h e n  s l o w 1 y  d r o p p e d  o f f  t o

a  l o w e r  f l o w  r a t e .  S t e w a r t  ( 1 9 7 1 ) ,  d i s c u s s i n g

w o r k  d o n e  i n  t h e  B u l l i  s e a m  a t  M e t r o p o l i t a n

Col l ie ry  found a  s imi la r  inc rease in  gas  f low

f rom a  boreho le  in  a  f resh ly  exposed convent iona l

face  and comments  tha t  the  f low pat te rn  i s  more

c o n s i s t e n t  w i t h  a n  i n c r e a s e d  a v e r a g e  d i f f u s i v i t v

t h a n  w i t h  t h e  o p e n i n g  u p  o f  s h r i n k a g e  f i s s u r e s .

I n c  r e a s e d  d  i  E  t u s i v  i  t y  c o u l d  h a v e  b e e n  t h E

resu l t  o f  reduc ing  the  water  sa tura t ion  o f  the

c o a f .  B a r r o n  ( 1 9 7 8 ) ,  u s i n g  a n  a i r - l n j e c t i o n

techn ique de termined tha t  the  perneab i l i t y  o f
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r h e  c e n c r a  L  p o r t i o n  o f  a  4 0  m  w i d e  p i l l a r

inc reased remarkab ly  be tween the  t ine  o f  fo rm-

aL ion  and s ix  months  la te r .  Ee  subscr ibed the

^ h a n ^ m o n . n  f ^  .  r a . l r . r i . n  i n  r h e  c i r a n o r h  ^ F

r h e  p i l  l a r  c a u s e d  b y  s c r e s s  e f f e c t s .  b u t  h e

a d n i t t e d  t h a t  n o  o b v i o u s  p h y s i c a l  d e t e r i o r a t l o n

h a d  o c c u r r e d  i n  c h e  s t r u c t u r a l  i n L e g r i t y  o f

t h e  p i I I e r .  P e r h a p s  a  m o r e  p l a u s i b L e  e x p l a n -

a t i o n  o f  t h e  r e d u c t i o n  i n  p e m e a b i l i r y  o I  t h e

c e n t r J l  p o r c i o n  o f  t h e  p i L I a r  w o u l d  b e  t h a t  i t

h a d  i n  f a c t  r d r i e d  o u t '  a n d  t h e  m o i s t u r e  l o s s

h a d  o c c 3 s i o n e d  r h e  i n c r e a s e  i n  p e r n e a b i l i t y .

I h e  n a t u r e  o f  r 5 e  c o a I  s e a m  a p p e a r s  t o

h r r r e : c  e n r e l l v  i m n o r f a n t  e f f e c t  a s  o v e r b u r d e n

^ r  < l  r a c <  a F f a . r e  n n  n o r m o a h i  I  i  r , r

R e s r r l  r  s  ^ h r a i n e d  F o r  o e r m e a b i - L i r i e s  o f  U . S .

r n d  D ' r r n n p r n  c n : l s  h a v e  i n d i c a E . e d  t h a L  t h e

l l . S .  s e a n s  a r e  g e n e r a l l y  m o r e  p e m e a b L e  a n d

L h e r e I o r e  m o r e  d m e n a b l e  t o  i n - s e a m  d e g a s i f i c a r -

i o n  ( C u r 1 ,  1 9 7 8 ) .  T h e  i n - s i t u  p e r n e a b i l i t y  o f

f h e  P i  f f s h r r r o h  s e a m  h e s  b e e n  n e a s u r e d  a t  a b o u t

l 0  m i l l i d a r c i e s  ( m d )  ( K i s s e l 1 ,  l l c C u l l o c k  a n d

E l d e r ,  1 9 7 2 ) ,  w h e r e a s  t h e  B u l l i  S e a m  p e r n e a b i l -

i t y  i s  c o n s i d e r a b l y  l e s s  t h a n  I  m d  ( L a n a ,  1 9 8 0 ) .

F  i s e c k  i  (  1 9 7 5 )  ,  r e w o r k i n g  s o m e  o f  H a r g r a v e s '

d a t a  f o r  t h e  B u l l i  S e a m  ( S t e w a r t ,  1 9 7 1 ) ,  c a l -

c u l d t e d  B u I l  i  s e a m  p e r m e a b i l i  r y  a s  l e s s  t h a n

,  ̂ - 1
I 0 - r  m d  c o n p a r e d  w i t h  v a l u e s  i n  e x c e s s  o f  2 n d

for  Canad ian  coa ls  s tud ied .  I ree  f low ra tes

1 i . e .  u n a i d e d  b y  v a c u u n )  o f  g a s  f L o w  l r o m

p i l c h , ! r o h  i n - c p . m  n n l e c  r r r o r r o c A  ) n  n J l A A \ | / n

a n d  P o c a h o n t a s  N o .  3  h o l e s  a v e r a g e d  5  m 3 / a a y / m ,

w h e r e a s  B u l l i  S e a m  h o l e s  a t  W e s t  C l i f f

. n r r i o r '  h l r p  r r r o r q o e , l  a h n , , r  ?  - 3 t a " " t -  i l l -

F l  ^  ,  r . r o e  a r o  l a ^ a - l a n r] ' B L ' I d L S d J l L U w u e l L l l u g l t !

u p o n  m d n y  v a r i a b l e s ,  i n c l u d i n g  p e m e a b i l i r y .

D - F - 6 . h i t i ' \ '  i n  - r ^ .  L '  r ; - ^ ^ F j r + ^ l
r r L J  r L r

d e p e n d i n g  u p o n  t h e  p o s i L i o n  o f  n a j o r  a n d  n i n o r

. l o ' f c  n e r m p : h  i  I  i  r v  h a i n o  o r p . f o t r  i n  r h o

d i r p c r i o a  o f  t h e  s u r f a c e  o I  t h e  m a j o r  c l e a t .

F i o w s  f r o n  h o l e s  d r i l J e d  p a r a l I e I  L o  c h e  n a j o r

( f a c e )  c l e a t  a t  W e s t  C l i f f  C o l l i e r y  w e r e  f o u n d

to  be  lower  and sus ta ined f low fo r  a  shor te r

t i n e  r h a n  h o l e s  d r i l l e d  p e r p e n d i c u l a r  t o  c h e

m a j o r  c l e a t  ( H a l l ,  1 9 7 8 ) .

CONCLUS ION

F r o m  f h e  F o r e q o i n s -  i r  i s  o b v i o r r s  t h a t  t h e

n a t u r e  o f  g a s  e m i s s i o n  f r o m  t h e  w o r k i n g  s e a m

inEo mine work ings  is  a  very  complex  one,  resu l t -

i n q  f r o m  t h e  i n t e r a c t i o n  o f  a  v a r i e t v  o f  d i f f e r -

e n r  f a c r o r s ,  I n c l u d i n g  g a s  c o n t e n t  a n d  c o m n o s i L i c n ,

c t r p c s  e f f p c t s  a n d  o e r m -  _ -  " r L l
L  M y  L  " d " B q  >

^ .  r ^ - - a a  ^ c  h - a . L . a 6  " t  t h e  f a c e .  F u r L h e rd 5  u c B r e s  v !  e ! € d N d 6 s  d

i n l r a < r i o r r i . n  n F  t h e s e r a c E o r s  a n o  a p p  I  l c a L  L o I l

. : F  r h o  l r n n , r l o . l o A  ^ h i , i n p r ' l  r n  c i l . h  n r n . e c q p s  a r

"  ' e a d  c o  a  r e d u c t i o n  i n
5 4 J  u r d r r r d S s  L a u  v L r r J  r

prob lems o f  gas  accunu la t lon  and ou tburs ts .
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