
ABSTRACT

T h i s  p a p e r  d e s c r i b e s  i n v e s t i g a t i o n s  i n t o

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

o u t b u r s t s .  I n i t i a l  s t u d i e s  c o n d u c t e d  o n

dra inage o f  shear  zones  showed thaL,  g iven

e n o u g h  t i m e ,  t h e s e  c a n  b e  s u c c e s s f u l l y  d r a i n e d .

once dra ined,  rhey  can be  in te rsec ted  and

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

o u t b u r s t s .  T h e  r e s u l t s  o f  p r o g r a n m e  o f

inves t iga t ions  to  deLermine parameters  fo r

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

r a c e s  f r o m  t h e  B u l l i  S e a m  o n  t h e  a v e r a g e

a r c  a b o u t  2  I  i  c r e s / m i n / m e t r e  l e n g t h  o F

b o r c h o l e .  B u t  w h e n  s h e a r  z o n e s  a r e

i n t e r s e c E e d ,  t h e  f l o r v  r a t e s  c o u l d  b e  a s  h i g h  a s

8  l i t r e s / m i n /  m e t r e  l e n g t h  o f  h o l e ,  S h e a r

z o n e s  c i l n  b e  p i c k e d  u p  f r o m  p r e s s u r e

measurements  50  -  60  m away and th is  cou ld  g ive

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

and dra in  them in  advance.  Sysremat ic  d ra lnage

o f  l l u l l i  S e a m  a t  W e s E  C l l f f  C o l l l e r y  c o u l d

e l im inaEe or  reduce f requency  o f  ou tburs ts

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

be lng  dr i l led  sysEemat ica l l y  in  the  sean,  w i lh

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

p u r i t y  o f  8 0 2  m e E h a n e  l s  b e l n g  d e l i v e r e d  a t  t h e

s u r f a c e  p l a n t .
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INTRODUCTION

l ^ I e s t  C l i f f  C o l l i e r y  m i n e s  h i g h  q u a l  i t v

cok ing  coa l  f rom the  Bu l l - i  Seam ln  the  Southern

Coa l  t r ' i eLd  o f  N.S. l t r . ,  a t  depths  approach ing

500 m.  The pr inc ipa l  feacure  o f  the  rn ine  is

the  presence o f  a  la rge  number  o f  shear  zones

w h i c h  a r e  c e n t r e s  o f  o u t b u r s t s .  O v e r  1 0 7

o u t b u r s t s  h a v e  b e e n  e x p e r i e n c e d  a t  t h e  C o l l i e r \ ' ,

lOL o f  wh ich  have been assoc ia ted  w l th  Ehese

s h e a r  z o n e s ,  A  g e n e r a l  d e s c r l p t i o n  o f  t h e

phenomenon and assoc ia ted  s tud ies  have been

p r e s e n t e d  i n  t h i s  S w p o s i u m  b v  t h e  a u t h o r s  i r -

a n o t h e r  p a p e r  ( M a r s h a I l ,  C r i f f i t h s  a n d  l . a n r ,

f 9 8 0 ) .  T h e  c o n c l u s i o n s  d r a m  f r o m  t h e s e  s t u d i e s

a r e  a s  f o l f o w s  :

1 .  ( l a q  n r P q e n r  i n  t h e  c o a l  s e a m  i s

predominant ly  methane,  Though carbon-

d i o x i d e  o c c u r s  i n  l h e  n o r t h e r n  s e c t i o n s ,

f h e  s e v e r i r w  n f  f h e  o u t b u r s t s  d o e s  n o t

s e e m  t o  b e  r e l a t e d  t o  i t s  p r e s c n c e .

2 ,  A l l  o u t b u r s t s  h a v e  o c c u r r e d  d u r i n g

deveLopment .  l { in lng  o f  p i l la rs  us ing  thc

W o n g a w i l l i  s p l i t  a n d  f e n d e r  r e t r e a E i n g

s y s E e m  h a s  r e s u l t e d  i n  n o  o u t b u r s t s ,

t h o u g h  a  n u m b e r  o f  p i l l a r s  e x E r a c t e d

w e r e  t r a n s g r e s s e d  b v  s h e a r  z o n e s .

3 ,  A t  a l l  p l a c e s  w h e r e  s h e a r  z o n e s  a r e

p r e s e n t ,  d e t e r i o r a t i o n  o f  r o o f  o c c u r s ,

r p n r r i r i n o  h i o h p r  - , , ^ n ^ r r  i 6 n - i r , ,L ' - b , , e !  J u l r l , u r

4.  On approach lng  a  shear  zone or  an  imminent

^ , . t s L , , F ^ f  ? ^ n ^  i - . r a . c a  i n  i ^ i n r i n o!  r t r  l v L " L r " 6 t

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

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

not iced .  Shear  zones  vary  in  w id t l r  f rom a
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few cent imet res  to  severa l  cen t lne t res ,

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

t o u c h .

Based upon these conc lus ions  a  number  o f

t e c h n i q u e s ,  b o t h  a c t i v e  a n d  p a s s i v e  h a v e  b e e n

used to  cont ro . l  ou tburs ts .  An impor tan t  ac t i ve

techn ique is  the  remova l  o f  gas  f rom the  seam

ai read o f  Ehe advanc ing  roadways us ing  we l l

kno ! r 'n  gas  dra inage sys tems.  Th is  concept  i s

b a s e d  u p o n  t h e  w e l l  t e s t e d  a s s u m p c i o n  t h a t  g a s

p lays  a  dominant  ro fe  in  the  prec ip i ta t ion  o f

o u t b u r s t s .  T h i s  f e a t u r e  h a s  b e e n  e s t a b l i s h e o

a t  W e s t  C l i , f f  C o 1 l i e r y .

I f  t h i s  w e r e  n o t  s o ,  l h e n  o u t b u r s t s  m u s L

have occur red  bo th  in  deve lopment  and in

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

shear  zones  re lease a  la rge  amount  o f  gas

dur ing  deve lopment ,  Ehe amount  o f  gas  re leased

dur ing  Ehe p i l la r  ex t rac t ion  s lage,  ia rhen these

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

h i g h e r  t h a n  n o r m a l .  T h i s  s u g g e s t s  t h a t  s i n c e

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

z o n e s ,  E h e i r  a c t l v i t y  h a s  d r o p p e d .  I f  s t r e s s

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

sever i ty  shou ld  be  h igher  dur ing  p i1 la r

e x t r a c t i o n ,  d u e  t o  h i g h e r  s t r e s s  c o n c e n t r a t i o n s

on the  shear  zones .  However ,  the  absence o f

ou tburs ts  in  p i l la r  ex t rac t ion  areas  where

shear  zones  have been in te rsec ted  conf i rms the

d o m i n a n t  r o l e  o f  g a s  i n  o u t b u r s t s  a t  W e s t  C l i f f

C o l l l e r y .  T t  i s  t h e r e f o r e  s t r o n g l y  f e l t  t h a t

l f  shear  zones  can be  dra ined the  prob lem o f

ou tburs ts  can be  grea t ly  overcome,  i f  no t

comple te ly  e l in ina ted .

GAS PRESSURE CLOSE TO SHEAR ZONES
%

Gas pressure  neasurements  have been

conducted  a t  a  number  o f  po in ts  a t  WesE Cl i f f

Co l l ie ry  us lng  a  rnu l t ip le  packer  sys tem.  The

pr inc ip le  o f  opera t ion  is  shov"n  1n  F ig .  1 .  The

r n u l t l p l e  p a c k e r  s y s t e m  c o n s i s t s  o f  a n  i n f l a t a b l e

h o s e  w i t h  a  s t a i n l e s s  s t e e l  t u b e  p a s s i n g  t h r o u g h

i t .  one end o f  the  hose is  f i xed  to  a  screwed

coup l ing  wh ich  is  mounted  r ig id ly  on  the

s t a i n l e s s  s t e e l  t u b e  p a s s i n g  t h r o u g h  t h e  h o s e .

The o ther  end o f  the  hose is  f i xed  to  a  s l id ine

end mov ing  on  the  s tee l  tube w i th  two 0- r inps

T---T-
I  In f l . t ioD. l

F ig ,  1 . -  T r i p l e  packe r  sys te rn  t o  mon i t o r  gas  p ressu re  i n  bo reho les .



s e r v i n g  a s  a  s e a l  f o r  t h e  i n f l a t a b l e  h o s e .  T h e

i n t e r n a l  d i a m e t e r  o f  t h e  h o s e  i s  2 2  m  a n d  t h e

s p a c e  b e t w e e n  t h e  s t a i n l e s s  s t e e l  p i p e  a n d  t h e

h o s e  i s  i n f l a t e d  u s i n g  w a t e r  p u m p e d  f r o m  a n

i n t e n s i f i e r  t h r o u g h  a  3  m  d i a m e t e r  n y l o n  h o s e

i n t o  a  n i p p l e  d r i l l e d  t h r o u g h  t h e  m o v a b l e

c o u p J  i n g "  A n o t l t e r  n y l o n  h o s e  ( a c t i v e  p r e s s u r e

I  i n e )  i s  t h r e a d e d  t h r o u g h  t h e  i n s i d e  o f  t h e

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

o u t s j d e ,  T h i s  o p e n  e n d  i s  p r o t e c t e d  w i t h  a

c i r c u . l . a r  w i r e  g a u z e  o f  2 5  m e s h  a n d  a  b r o n z e

r i n g  w i t h  5  m  d i a n e t e r  h o l e s .  T h i s  p e r n l t s

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

a g a i n s t  b l o c k a g e .  T h e  n y l o n  h o s e  i s  b r o u g h t

r i g l l t  t o  t h e  c o l " l a r  o f  t h e  h o l e  w h e r e  i t  i s

c o n n e c t e d  t o  t i t e  c o n C r o l  p a n e 1 .
' I h e  

i n t e r n a l  s t e e l  p i p e  i s  e x t e n d a b l e  a n d

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

p o s j c i o n  i n  t h e  m e a s u r i n g  h o l e ,  T h e  s e c o n d .  a n d

t l t l rd  packers  w i th  the  same ar rangement  a re

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

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

r i g h t  u p  ! o  c h e  c o l l a r  o f  t h e  h o 1 e .  T h e r e  i s ,

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

o u ! s ; i d e  l h e  e x t e n d a b l e  p i p e  a n d  f e e d s  i n t o  t h e

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

i n f l a t ; r b L e  h o s e .  T i l e  i n f l a t a b l e  h o s e s  f o r

d i f f e r e r l t  p ; r c k e r s  a r e  i n t e r c o n n e c t e d  i n  s e r i e s

u r ; i n g  s u i t a b l e  n i p p l e s .  T h e  m u l t i p l e  p a c k e r

sys tem can accommodate  up  to  a  max lmum of  four

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

s  imu 1 t ; rneou s  1y  .

The p i tckers  a re  in f la ted  to  5000 kpa us ing

w a t e r  a s  a n  i n f l a t i o n  m e d i u m .  G a s  p r e s s u r e

b u i l d - u p  i n  h o l e s  i s  m o n i t o r e d  t h r o u g h  t h e

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

l B  p o i . n t s  ( s i x  t r i p l e  D a c k e r s ) .  F l g .  2  s h o w s

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

d l l a t a b l e  h o s e ,  l m .  i n  l e n g t h ' .

t l s ing  the  above techn ique ho les  were

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

z o r 1 c ,  ( ; a s  p r e s s u r e s  w e r e  m e a s u r e d  a t  v a r i o u s

d ( ' p C h s  f r o m  t h e  w a l 1  o f  t h e  r o a d w a y .  T h e

r c s u l t s  o f  t e s t s  a r e  g i v e n  i n  F i g .  3 .  T h e s e
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c l e a r l y  i n d i c a t e  t h a t  c l o s e  t o  t h e  s h e a r  z o n e

v e r y  h i g h  g a s  p r e s s u r e s  c o u l d  e x i s t .  T h e

exp lanat ion  o f  these changes in  h igh  gas

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

the  permeab i l i t y  o f  the  shear  zone"

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

b e d d l n g )  i s  a b o u t  f 0  -  1 0 0 0  r t m e s  h i g h e r  r h a n

t h a t  o f  i n t a c t  c o a l  s a m p l e s .  ( p e r m e a b i l i t v  o f

c o a l  1 s  o f  t h e  o r d e r  o f  0 . 0 1  -  0 . 1  m i l 1 i  d a r c y ) .

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

ind ica tes  tha t  i f  the  shear  zone is  in  a

r e g i o n  o f  h l g h  s t r e s s ,  i t  w i l l  n o t  b e  p o s s i b l e

l o  d r a i n  i t .  O t h e r  o b s e r v a t i o n s  o f  t h e

e x l s t e n c e  o f  h i g h e r  p r e s s u r e  i n  t h e  s h e a r  z o n e

a r e  d e s c r l b e d  i n  t h e  p a p e r  , ' 0 c c u r r e n c e  
o f

O u t b u r s t s  a t  W e s t  C l i f f  C o I l i e r y ' , ,  i n c l u d e d  i n

t h l s  S y m p o s i u n  ( M a r s h a l l ,  G r i f f i t h s  &  L a m a ,

r 9 8 0 ) .

DMI}IAGE OF SHEAR ZONES

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

ex is tence o f  h igh  gas  Dressure  in  the  shear

z o n e  a n d  i E s  h i g h  p e r m e a b i l i t y  s h o u l d  f a c i l . i t a t e

d r a l n a g e  o f  t h e s e  s h e a r  z o n e s .  I f  t h e s e  s h e a r

zones can be  sucess fu l l y  d ra ined,  then perhaps

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

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

d r i l l e d  ( F i g .  4 )  i n  r h e  r i b s i d e  o f  a  r o a d w a v .

T h e  c e n t r a l  b o r e h o l e  ( N o . 2  )  h a d  a  l e n g t h  o f

45  rn  and in te rsec ted  the  shear  zone runn ing

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

4 5  m .  A  s i n g l e  p a c k e r  w a s  i n s t a l l e d  i n  t h i s

b o r e h o l e  a t  a  d e p t h  o f  3 0  m .  A  s h o r t  b o r e h o l e

(No.  1 )  o f  23  m length  rdas  dr i l led  to  mon i ro r

f low th rough th is  ho1e.  Another  boreho le  (No.

3 )  w a s  d r l l l e d  t o  i n t e r s e c t  t h e  s h e a r  z o n e .

Gas f low measurements  showed tha t  f low ra te

f rom boreho le  No.  l  was  on l -y  0 .35  .L /n in /n

l e n g t h .  F l o w  r a t e  F r o m  b o r e h o l e  N o .  I  w a s

63 l , /n in /n  wh ich  ls  about  20  t imes the  f low

ra te  compared to  f low ra te  f rom ho le  No.  2 .

Pressure  and f lows were  mon j . to red  over  a  per iod

( F i g .  4 ) .  R e s u l t s  i n d i c a E e  t h a t  p r e s s u r e  i n

The Aus.  l .M. l ' /1.  Southern oueensrand Branch.  The occurrence,  predict ion and contror  o i
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f i x e d
en0

A *  F ( d i a m e t e f
measu i l ng

1 0 0 0  m m

porn ts  )
m o v a b i e

l he  shear  zone can be  dropped to  a lmost  ha l f

t h c  o r i g i n a l  v a l u e  o v e r  a  p e r i o d  o f  3 0  d a y s  a n d

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

o f  1 4 0  d a y s  u n d e r  f r e e  f l o w  c o n d i t i o n s .  T h e s e

resu lEs  have been conf i rmed in  subsequent

m e a s u r e m e n t s .  F i g .  5  r e p r e s e n E s  t h e  f l o w  r a t e s

f r o m  b o r e h o l e s .  B o r e h o l e s  2 8  -  3 5  d o  n o c

in te rsecc  the  shear  zone runn ing  para l le l  to

r h e  r i b s i d e .  B o r e h o l e  3 6  i n t e r s e c E e d  C h e  s h e a r

z o n c  a n d  t h e  f l o w  r a l e  a l m o s t  q u a d r u p l e d .

A f t e r  d r i l l i n g  b o r e h o l e  3 6  t h e  n e x t  b o r e h o l e ,

3 7 ,  w a s  d r i l l e d ,  a n d  t h i s  r e s u l t e d  i n  s u d d e n

d r o p  i n  t h e  f l o w  r a E e  f r o m  b o r e h o l e  3 6 ,

s ta i n l ess

F i p r r r e  6  q i v e s  e  p l a n  o f  t h e  e x c a v a t i o n

where  the  shear  zone was dra ined over  a  per lod

o f  a l n o s t  f i v e  m o n t h s  a s  i n d i c a t e d  i n  F i g .  4 .

A  t o t a l  o f  4 . 5  r n i l l i o n  l l t r e s  o f  g a s  h a d  b e e n

dra ined f ron  the  shear  zone,  When the

deve lopment  roadvay  o f  Pane l  402 in te rsec ted

t h e  s h e a r  z o n e  A A ,  i t  g a v e  r i s e  E o  s e r i o u s

outburs ts ,  When th is  shear  zone was in te rsec ted

f ive  months  la te r ,  by  d r iv ing  deve lopment

r o a d w a y s  f o r  P a n e l  1 2 1 ,  n o  a c t i v i t y  w a s

observed.  The deputy  on  s i te  repor ted  on ly  a

s l igh t  loosen ing  o f  coa l  and no  marked

d e t e r i o r a t i o n  o f  r o o f  c o n d l t i o n s .  T h i s  D r o v e d

s tee r
P  r p e I  w  lso l rso l rso l rso l rse l rso lso l  a r  I

T E S T  A R R A N O E M E N T

r

2000  2500  1000 I500 /*000
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F i g .  2 . -  I n f l a t i o n  c h a r a c t e r i s t i c s  o f  p e E r o m e t a l l i c  d i l a t a b l e  h o s e ,  I  m  i n  l e n g t h .
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l i i g .  4 , -  Gas  p ressu re  and  gas  f l ow

from shear zones,

had helped lower gas pressures and contro l

o u  t b u r s t s .

These in i t ia l  exper iments showed that

shea r  zones  can  be  success fu l l y  d ra i ned .
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F l g .  5 . -  G a s  f l o w  r a t e s  f r o m  h o l e s

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

dra in  these zones .  I t  wou ld  mean tha t  very  long

ho les  w iL l  have to  be  dr i l led  in  advance o f  the

work ings  to  success fu l l y  d ra in  shear  zones  and

coa l -  in  Bu l1 l  searn  a t  West  C l i f f  Co l l ie ry ,
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E i g .  6 , -  L a y o u r  o f  p a n e l  1 2 1 ,  s h e a r

zones and dra inage ho les .

A n a l y s l s  o f  o u t b u r s t  o c c u r r e n c e  a t  t h e  C o l l i e r y

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

shear  zones  is  poss ib le  when these l ie  a t  some

dis tance (1> 10  m)  away f rom the  deveJ ,opment

roadway (Marsha l " l - ,  Gr i f f i rhs ,  Lama,  1980) .  When

these shear  zones  have been a l ready  in te rsec ted ,

running paralleL to the roadways and lying in the
conc lus ive ly  tha t  the  dra inage o f  shear  zone AA cent re  o f  the  roadway,  i t  i s  a lmost  imposs ib le  to

The Aus. LM.M. southern oueensland Branch, The occurrence, prediction and control of
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]NVESTIGATIONS INTO DRAINAGE OF METHANE GAS

FROM THE SOLID

I n  g a s  d r a i n a g e  l n v e s E i g a t i o n s ,  t h e

f o l l o w i n g  a s p e c t s  n e e d  E o  b e  e x a m i n e d .

L .  C a s  c o n E e n t  o f  c o a l .

2 ,  V i r g i n  s e a m  g a s  p r e s s u r e .

r a t e s  f r o m  b o r e h o l e s .

4 .  O p t i m u m  s u c l i o n  p r e s s u r e  t o  b e

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

i n s t a l l a t i o n .

5 .  I n f l u e n c e  o f  c l e a t  o n  t h e  g a s  n a k e  i n

a  boreho le  and loca t ion  o f  boreho le

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

s c r u c l u r e ,

c l o s e l v  c n a . e d  i o i n t q -  T h i s  t h e r e f o r e

s u g g e s l u d  t h a L  a l l  d r a i n a g e  h o l e s  m u s t  b e

I n v e s t i g a t i o n s  d e s i g n e d  t o  d e t e r m i n e  o t h e r

p a r a m e t e r s  a r e  d e s c r i b e d  b r i e f l y .  M o r e

deta i led  in fo rmat ion  is  g iven  in  Lama (1980)  .

GAS CONTENT OF COAL

T h r e e  d i f f e r e n t  m e t h o d s  w e r e  u s e d  L o

t h e  f a c e ,  T h i s  d a f a  w a s  f u r t h e r  e x t r a p o l a t e d

to  the  max imum gas  Dressure  measured in  the

3 .  P e r m e a b i l i t y  i n  s i t u  o r  e x p e c t e d  f l o w  d e t e r m i n e  g a s  c o n t e n t  o f  c o a l  f r o m  B u l 1 i  s e a m

a t  W e s t  C I i f f  C o l l i e r y .  T h e s e  i n c l u d e :

l .  Methane based upon genera l  gas  make

i n  t h e  m i n e .

2 .  L o c a l i s e d  g a s  e m i s s i o n  t e c h n i q u e  a n d

adsorp l ion  ne thod.

3 ,  D i r e c t  m e a s u r e m e n t  o f  g a s  c o n t e n t  o f

c o a 1 .

T h e  f i r s E  m e t h o d  l s  b a s e d  u p o n  t h e  t o t a l  g a s

6.  Opt imum d iameter  o f  d ra inage ho le .  emic ted  in to  the  venEl la t ion  s t ream o f  the  n ine

P r e l i m i n a r y  o b s e r v a t i o n s  a t  W e s t  C l i f f  w i t h  r e s p e c !  ! o  t h e  t o n n a g e  m i n e d .  o b s e r v a r l o n s

Col l ie ry  showed tha t  the  two c lea t  sys tems in  were  made over  an  ex tended per iod  when the  mine

Bu l l i  Seam are  more  or  less  equa l ly  deve loped.  was work ing  and over  a  per iod  when mine was

T h i s  w o u l d  i n d i c a t e  t h a t  p e r h a p s  E h e  d i r e c t i o n  c l o s e d .  T h e  d i f f e r e n c e  i n  t h e  g a s  e m i s s i o n s

of  d r i l l  ho les  fo r  d ra inage wou ld  no t  very  nuch was ca lcu la ted  and compared w l th  da ta  f rom

a f f e c t  d r a i n a g e  r a f e .  S t r u c t u r e  o f  E h e  s e a m  o v e r s e a s  m i n e s .  T h i s  d a t a  g a v e  a  g a s  c o n t e n t

a l , s o  i n d i c a l e d  t h a t  t h e  m i d - s e c t i o n  o f  t h e  s e a m  o f  c o a l  a b o u t  1 3  * 3 / t o r r e ,

i s  m o s c  p e r m e a b l e ,  T h e  t o p  5 0 0  m m  o f  t h e  s e a m The second ne thod is  based upon the

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

the  n id  sec t ion  conta ins  a  ne twork  o f  many opera t ions  and measurement  o f  gas  pressure  a t

p l a i c d  i n  t f ) i s  n i d  s e c t i o n  o r  n u s t  i n t e r s e c t  c o a l .  C o a l  s a m p l e s  w e r e  s u b . j e c t e d  t o  m e a s u r e d

t h i s  s e c t i o n  o f  t h e  s e a m . g a s  p r e s s u r e s  ( b o t h  a t  1 o w  p r e s s u r e  a n d  h i g h e r

The in f luence o f  d iameEer  o f  the  boreho le  p ressure  adsorp t ion)  and arnount  o f  gas  adsorbec l

on  the  gas  f low ra te  has  been s fud ied  by  a  by  coa l  was  rneasured,  Based upon the  adsorp t lon

n u m b c r  o F  i n v e s t i g a t o r s  a n d  c o n f L i c t i n g capac i r y  o f  coa l ,  t he  gas  con ten t  o f  Bu l l i  seam
o p i n i o n s  h a v e  b e e n  r e p o r t e d .  F r o m  i n d i r e c t  w a s  e s t i m a t e d  a t  l - 7 , 3 / t o r . u  ( f i g .  Z ) .

evidence f rom work by Russian invescigators G a s  c o n t e n t  o f  c o a l  w a s  m e a s u r e d  d i r e c t l y

(Nedashkovsk i i ,  Pante leev  and Voronkov ,  1977)  us ing  core  samples  f rom sur face  boreho les

i t  i s  c o n c l u d e d  t h a l  h o l e s  o f  s m a 1 l  d i a m e t e r  d r i l l e d  t o  B u l l i  S e a m  i n  a d j o i n i n g  a r e a s  o f  t h e

a r e  m o s t  e f f e c t i v e .  J a p a n e s e  i n v e s t i g a t i o n s  m i n e .  ( T h e s e  t e s t s  w e r e  c a r r i e d  o u t  b y

( K i y o m a ,  1 9 7 2 )  r e p o r t  q u i t e  t h e  o p p o s i t g ,  w h i l e  M r .  P ,  L a m b  o f  C o a l  D e v e l o p m e n t  C o m p a n y  -  a

inves t iga t ions  conducted  in  Po land are s i s t e r  o r g a n i z a t i o n  o f  l ^ l e s t  C l i f f  C o l l i e r v . )

i n c o n c l u s i v e  ( C i a s ,  1 9 7 6 ) .  N o  a t c e n p E  h a s  b e e n  T h e  r e s u l t s  o f  t h e s e  m e a s u r e m e n t s  g a v e  g a s

nade fo  lnves t iga te  ch is  fac to r  a t  West  C l i f f  con ten t  o f  Bu l l i  seam vary ing  f rom

C o l l i e r y  u p  l i l l  n o w , 9  -  15  m3 / ronne .
The Aus.  l .M.M. Southern Queensland Branch,  The Occurence,  Predict ion and Control  of

Outbursts in Coal  Mines Symposium September,  1980
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pressure,  panel  304,  West Cl l f f  Col l lery
( t emp .  ?2Ooc ) .  Cou r tesy  rnEe rcomp ,  U .S .A .

IN SITU GAS PRESSURE MIEASUREMENT

Fig .  7 . -  Methane adsorp t lon  1u  coa l  a t  h lgh
Ftg.  8.-  pressure bul ld_up as a funct lon of

rgTg).  
t lme uslng a QuadrupJ-e packer systen.  Hore 33,
panel  12J. ,  length of  hole 40,5 m, seals p laced
aE  76 .5  m  f r om co l l a r  o f  t he  ho le ,  w i t h  6  n
chambers betveen the scale,  inf lat lon pressure
13000 kpa.

rn s i tu gas pressure measurements were pressure gradients ln the r ib s ides were
carr ied out  using the Er ip le packer systern as determined using the mul t ip le packer sysren.
descr ibed ear l ier .  Tests were conducted in These rneasurernents r { ,ere interpolated to est imate
e : i 8h t  ho les  a t  dep ths  va ry i ng  f r om 10  m  to  40  m ,  t he  dep th  o f  t he  f r ac tu re  zone .  Th i s  dep th  o f
Fig"8 gives resul ts of  a Eypical  neasurement in the f racture zone has been taken as the point
a borehole '  Pressure r ises s lowly in the where pressure drops to zero (Table 1) .  These
borehole chambers and needs almost  100 to 500 resul ts show that  the zone of  f ractur ing in
hours Eo stabi l lse to i ts  maximum value,  general  extends to about 6 m but  never beyond
depending upon the disEance f rom the borehole.  9 m. This is  an important  conclusion and has
Pressu res  we re  measu red  us i ng  bo th  a  s i ng le  been  used  i n  dec id i ng  t he  l eng th  o f  t he  g rou ted
packe r  and  t r i p l e  packe r  sys tem i n  t he  same  p ipe .
borehole to determine any di f ference between the The maximurn pressure rneasured was 2670 kpa
cwo syslems'  Pressures measured using a t r lp le in a hol-e 40 m deep dr i r led ln panel  121 at  an
packe r  we re  r  -  1 . 5  t rmes  t hose  measu red  by  a  ang le  o f  45o  t o  t he  na in  c l ea t .  Th l s
s l ng le  packe r '  Max imun  p ressu re  a t  any  po in t  co r responds  t o  a  ve r t l ca l  dep th  o f  267  m
depended upon the depth of  neasur ing point ,  t i rne (assuming gas pressure = 0.4 t imes the
elapsed between the dr ivage of  headings and gravl tat ional  pressure).  I t  is  expected that
measurement and presence of  geologlcal  ln deeper hoJ-es pressures of  the order of
d i scon t i nu i t l e s .  3000  _  4000  kpa  may  be  p resen t .  A  l 0  _  po rn r

The Aus. l.M.M. Southern Oueensland Eranch, The Occurrence, Prediction and Control of
Outbursts in Coal Mines Symposium September, 1980
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T a b l e  I

I )ep th  o f  f racCur ing  around an  excavat i -on ,

W e s t  C l i f f  C o l l i e r y ,  S e c t l o n  l 2 l ,  r o a d w a y s

d r i v e n  n o r t h - s o u t h ,  e a s t  r i b  s i d e .

su i tab le  mater la l  fo r  the  purpose,  A t  a  la te r

s tage a  water -based chemica l  g rou t  Ce l t i te* *

was a lso  tes ted  in  f ie ld  cond i t ions  and has

been found success fu l .

A  number  o f  overseas  sys tems were

inves t iga ted  f rom cos f  and sa fe ty  lo in t  o f

v i e w ,  P V C  p i p e s  m a d e  i n  A u s t r a l i a  w e r e  t e s t e d

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

charges  ( i f  anv)  under  s imu la ted  f ie ld

cond i t ions  and were  found unsu i tab le .

Subsequent ly ,  a  new s tand p ipe  ar rangement  was

d e s i g n e d  a n d  t e s t e d  s u c c e s s f u l l y .  T h i s

ar rangement  cos ts  less  than about  20 i (  o f  the

o v e r s e a s  s y s t e m s .  I t  c o n s j . s E s  o f  a  c o p p e r  p i p e

(F ig .  9 )  fo l lowed by  a  ga lvan ised p ipe  and

j o i n t e d  t o g e t h e r  u s i n g  b r a s s  s e l f - s o l d e r i n g

Yorksh i re  coup l lng .  Two po lys ty rene sea ls  a re

s l tpped over  the  copper  o ipe  and secured us ing

PVC tape.  A  12  mn d lameter  ny lon  hose passes

t h r o u g h , t h e  p o l y s t y r e n e  s e a l  p l a c e d  c l o s e  t o

the  Yorksh i re  coup l ing  and ex tends  c lose  to  t l le

in -bye  end o f  the  copper  tube to  serve  as  a

b leed ho le .  The second ny lon  hose ex tends  on ly

a  s h o r E  d l s t a n c e  f r o m  t h e  y o r k s h i r e  c o u p l i n g

a n d  s e r v e s  a s  a  g r o u t i n g  h o s e .

A 48  mrn  d iameter  ho le  i s  d r i l l ed  f i rs t  !o

9  m length  and then reamed to  approx ina te ly  88

m m  t o  a c c o m o d a t e  t h e  s t a n d  p i p e .  T h e  p r e p a r e d

grout  i s  then pumped in to  the  ho le  us ing  a  mono

pump tak ing  care  tha t  the  opera t ion  o f  mix ing

and grou t ing  can be  comple ted  w i th in  30

m l n u t e s  ,

R e s u l t s  o f  t e s t s  o n  t h e  g r o u t i n g  s y s t e m

have shovrn  tha t  the  sys tem sea ls  the  ho le

e f fec t i ve ly  even a t  a  vacuum o f  40  kpa,  w i thout

any  d iLu t ion  o f  the  gas  by  leakage th rough the

grout  o r  g rou t -coa l  ln te r face .  The cos t  o f  the

grout lng  sys tem is  on ly  I0Z o f  the  to ta l  cos t

o f  a  d r a l n a g e  h o l e .

l l

) 4

1 6

l 8

I 9

3 . 0 1

1  1 , '

4 , L 6

6 , 3 2

8 .  0 2

packer  sys tem has  s ince  been deve loped and l t

i s  e x p e c t e d  t h a t  b e t t e r  p r e s s u r e  p r o f i l e s  w i l l

b e  o b t a i n e d  i n  h o l e s  u p  t o  1 0 0  m  d e p t h  u s i n g

c h i s  s y s t e n ,

CROUTINC SYSTEM FOR DMINAGE HOLES

T e s t s  u s i n g  p r e s s u r e  p a c k e r s  p r o v e d  t h a t

t h e  f i r s t  6  r n e t r e s  o f  t h e  r i b  s i d e  m a y  b e

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

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

d e c i d e d  t o  u s e  s e a l s  o f  6  -  9  m  i n  l e n g t h .

A  n u m b e r  o f  g r o u t i n g  m a t e r i a l s  ( T a b 1 e  2 )

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

u n d e r  s i m u l a t e d  b o r e h o l e  c o n d i t i o n s .  A l 1  t h e s e

m a t e r i a l s ,  w i t h  t h e  e x c e p t i o n  o f  " P a t t e r n s t o n e

t l ' r  a n d  P o l y u r e t h a n e  F o a m  I C I ,  a r e  s u l t a b l e  a s  a

A r o u t i n g  m a t e r i a l .  T h e  p e r m e a b l l i t y  o f  t h e s e

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

t r n d e r  h i . g h  s t r e s s e s .

The t .echn ique o f  pumping  these grou t ing

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

m a t e r i a l s  a t  d e p t h  i n  a  b o r e h o l e ,  h o w e v e r ,

c r e a t e s  s o m e  p r o b l e m s .  L a b o r a E o r y  i n v e s t i g a t i o n s

d e s i g n e d  c o  l n j e c t  t h e s e  m a t e r i a l s  i n t o

b o r e h o l e s  a t  d e p t h ,  a n d  s u b s e q u e n t  f l e l d  t r i a l s ,

s l )owc:d  t t ra t  non-shr ink  g rou t  LL893*  i s  the  nosr

, ! L L 8 9 3  i s  . r  p r o d u c t  o f  E m b e c o n  P t y .  L t d . ,

7 9  V i c t o r i a  A v e n u e ,  C h a t s w o o d ,  N . S . W .  2 0 6 7 ,

* x c e l t i t e  i s  a  p r o d u c t  o f  C e l t i t e  S e l f i x  L t d . -

8 l  B a x E e r  R o a d ,  M a s c o t ,  N , S . W .
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TABLE 2

AIR PERMEABILITY* OF GROUTING MATERIALS

2 l l

Ma t  e r  ia l P e r m e a b l l i t y * ,  m d Remarks

Po lvure thane Foan

FSCON

Foam A

Foam B

0 . 0 1 7 9

M i x i n g  R a t i o  :  1 : 1  b y  w e i g h t

S e f t i n g  T i m e  :  4 , 0  m i n u t e s  a f r e r  m i x i n g

Po1) -ure thane Eoam

I . C . I .

Suprasec  DND

D a l t o l a c  4 1

7  . 6280

M i x i n g  R a t i o  :  M i x  b y  w e i g h i n g  l . B  p a r r s  o f

S u p r a s e c  D N D  w i t h  1  0  p a r t s  o f

Da l ro lac  4 f

S e t t i n g  T i n e  :  3 , 0  m i n u t e s  a f t e r  m i x i n g

Po lyure t t rane Foam

F-onof i l l

0 . 0 2 0 5

Set t ing  T ime :  Ready mix ,  approx imate ly

72  hou rs

Polyure thane Foam Mix ing  Rat io  :  l : l  by  we igh t

B a y g a l  K 5 5 B  0 . 0 9 8 0  S e t t i n g  T i r n e  :  4 - 5  m i n u t e s  a f r e r  n i x i n s

Baygamur  K88

N o n - s h r i n k  G r o u t  A f t e r  : M i x i n g  R a t i o  :  M i x  b y  w e i g h i n g  2 . 7 5  p a r t s  o f

t , 893  c rou t 6  d a y s  =  0 . 0 2 1 6

17  days  =  23 .276

c e m e n t  w i t h  1 . 0  p a r t  o f  w a t e r

Non-shr ink  Grout  A f te r  :

LL893  Grou t

l { i x i n g  R a t i o  :  M i x  b y  w e i g h i n g  1 . 8 3  p a r r s  o f

c e m e n t  w i t h  1 . 0  p a r t  o f  w a t e r6  d a y s  =  0 . 1 4 2

16  days  =  29 .096

C v p s m

P a t t e r n s t o n e r r U ' r  2 8 1 . 1 0 0

Mix ing  Rat io  :  M ix  by  we igh ing  100 par ts  o f

Gypsurn  w i th  38  par ts  o f  watc r

x  I t  i s  no t  the  permeab i l i t y  as  de f ined by  ISRM,  bu !  some fo rm o f  leakage coef f i c ien t  as  neasured

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

The Aus. l.M.M. Southern Oueensland Branch, The Occurrencs, Prediction and Control ol
Outbursts in Coal Mines Symposium Septembor, 198O
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6atvan ized Stee  I  P ipe Yor ksh i re tyrene Seats
Nylon  0 fa in
n 0 s e ,lYtonnose

Bleeder
12nn Q

Sel f  Sotder inq
t'ouptim il i ih
)umm b55 |  h read

Secundl lo the Pipe
wi th  PVt  Tape

I r i g .  9 , -  ( A )  s r a n d p i p e  r e a d y  f o r  g r o u t i n g ;

SPACIN(] O}i DRAINAGE HOLES

T l r c  d i s t a n c e  b e t r q e e n  d r a i n a g e  h o l e s

l ) c ( o m c s  i m p o r t a n t  f r o m  t w o  v i e w p o i n t s  :

l .  ' f o t a l  
c o s t  o f  d r l l . l i n g  a n d  e q u i p p i n g

i )o . les  may nake dra inage uneconomic ,

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

2 ,  I f  t h c  h o l e s  a r e  L o o  w i d e l y  s p a c e d ,

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

r n a v  b e  s o  l o n g  t h a E  e f f i c i e n t

d r a i n a g e  m a v  n o t  b e  p o s s i b l e .

O I ) t i r r u m  s p a r : i n g  o f  d r a i n a g e  h o 1 e s ,

L I r e r t : 1 ' o r t , ,  l r ; r s  t o  b e  c o n s i d e r e d  b o t h  i n  t h e

L i g h t  o 1 -  e c o n o r n i c s  a n d  t h c  l e a d  l - i m e  a v a i l a b l e .
' f l r t :  

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

W c : r t  C l i f I  C o L I i e r y  1 s  b a s e d  u p o n  t h e  i n f l u e n c e

o f  a  d r a j n a g e  h o - [ e  o n  t h e  c h a n g e s  i n  g a s

I ) r e s s u r e  i r )  t h e  a r e a  a r o u n d  i t .  T h e  p l a n n e d

l a y o u t  o f  l i o l e s  i s  g i v e n  i n  I ' i g .  1 0 .  I n

-88 mm

( E )  s t a n d p i p e  g r o u t e d  i n  h o l e  u s i n g  a  g r o u t i n g  l ) u m p .

p r a c t i c e ,  h o w e v e r ,  i t  i s  h a r d  t o  d r i l l  h o l e s

p a r a l l e l  E o  e a c h  o t h e r ,  p r e c a u t i o n s  w e r e  t a k e n

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

t h e  d i r e c t i o n  o f  d r i l l i n g .  S o m e  d e v i a t i o n

o c c u r r e d ,  b u t  n o  s u r v e y  o f  h o l e s  w a s  c o n d u c t e c l

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

a s  f o l l o w s :

H o l e  1 5

t ro re  fb

H o l e  l B

H o l e  1 9

Packers  were  ins ta l led  in  ho les  and

pressures  were  neasured over  a  per iod  o f  up  to

300 hours  to  ensure  tha t  the  sys tem had

stab i l i sed  and the  max imum.  pressures  ha t i  been

ach ieved.  In  th is  per iod ,  the  pressure  s lowlv

dropped due to  na tura l  d ra inage a f te r  the  peak

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

dra inage ho le  (100 nm d iameter )  was  then

1 8 . 0  n

4 I . 2  n

4 4 . 2  m

4 4 . 2  n

The Aus.  LM.M. southern oueeni land Branch,  The occurrence,  predict ion and contro l  ot
Outbursts in Coal  Mines Symposium September,  lggo



H O L E  ] 6

i r i . g . 1 0 . Ar rangement  o f  tes t  to  de termine

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

h o 1 e ,  i V e s t  C 1 i f f .

d r i l l c c l .  ' I ' h e  
I e n g t h  o f  t h i s  h o l e  w a s  p l a n n e d

t o  b o  4 0  n ,  b u [  d u e  t o  d e v i a t i o n  f r o m  i t s

p 1 l n c ,  i t  s t r u c k  t h e  f l o o r  a t  a  d e p t h  o f
' 2 4  

n ,  T h c  d r o p  i n  p r e s s u r e  i n  E h e  v a r i o u s

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

( : o n r p f c E i o n  o f  t h e  d r a i n a g e  h o 1 e .  T h e  r e s u l t s

a r c  g j v e n  i n  F i g .  1 1 .

1 1 9 1 6 ? 5

D I S T A N C I  F R 0 M  0 R A I N A C t  H o t . t  t m )

F i g .  1  | E f f e c t  o f  s p h e r e  o f  i n f l u e n c e  o f

a  d r a i n a g e  h o l e .

R. D. LAMA, P.  MARSHALL and L.  GRTFFITHS

i21 Return HeadirE

I n  t h e  a n a l y s i s  o f  r e s u l t s ,  t h e  i n - b v c .

t r ip le  packer  resu l ts  have no t  been take i l  in ro

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

d r a i n a g e  h o 1 e ,  T h e s e  r e s u l t s  s l ) o w  t h a t  t h e

in f luence o f  a  d ra inage ho le  cou ld  ex tend up  t ( )

30  m.  The min imum d is tance cou ld  however  be

a b o u t  1 3 . 7  m .  T h e  e f f e c t i v e  v a l u e  i s  t a k e n  i l s

2 L , 2 5  m .

R e s u l t s  o f  t e s t s  c o n d u c t e d  o n  h o l e  4 2

( P a n e l  3 0 4 )  a n d  h o l e s  2  a n d  3  ( p a n e 1 .  1 2 1 )  o v t r

a n  e x t e n d e d  p e r i o d  h a v e  b e e n  m o n i t o r e d .  l . i g .

1 2  g i v e s  r e s u l t s  o f  t e s t s  o n  t h e s e  h o 1 e s .

Norna l l y  one wou ld  expec t  f low ra te  to  fo l low

an exponent ia l  decay  func t ion  t r l th  t ime,

Labora tory  inves t iga t ions  were  conductcd  on

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

showed thaE the  adsorp t ion  o f  gas  can be

approx imated to  a  logar i thmic  l : r rq ,  I . . ie ld

resu l ts ,  however ,  tend to  show f low ra tes  f ronr

b o r e h o l e s  a s  a  l i n e a r  f u n c t i o n  w i t h  t i n c .  T l r c

r e a s o n  i s  p o s s i b l y  t h e  1 a g  t i m e  b e t w e e n

d r i l l i n g  a n d  g r o u t i n g  a n d  t e s t i n g  o f  h o 1 e s .

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

f r o m  2  -  3  d a y s  t o  a  w e e k .  A s  a  r e s u l t  t l ) e

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

a  l i n e a r  f u n c t i o n  w i t h  t i m e ,  F o r  s h o r t c r  l t o l e s

w i t h  s i l a l l e r  i n i t i a l  f l o w  s a 1 g ,  t l r e  f l o w  r a t c

w o u l d  d r o p  t o  a l m o s t  1 0 2  o f  t h e  i n i t i ; r l  f . l o w

r a t e  a f t e r  1 0 0  d a y s .  F o r  l a r g e r  h o 1 e s ,  w i t h

h i g h  f l o w  r a t e s  ( h o l e  4 2 )  ,  c o n s i d e r a b l e  f l o w

ra te  wou ld  be  main ta ined and a  drop  to  l0Z  o f

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

B a s e d  u p o n  t h e s e  t w o  r e s u l t s ,  p r o - j e c E i o n s

h a v e  b e e n  m a d e  t o  c o r r e f a t e  f l o w  r a t e s  a s  ; r

f u n c t i o n  o f  t i m e  ( f i g .  f 3 ) .  T h e s e  p r o i e c t i o n s l

a re  based upon l in l ted  da ta  and need to  l )c .

re f ined,  bu t  they  do  g ive  sone idea abr )u t  t l re

p o s s i b l e  f l o w  r a t e s  a n d  a c t i v e  l i f e  o f  d r a i n a g t ,

h o 1 e s .

T h e  a b o v e  p o i n t s  m u s t  b e  c o n s i d e r e d  j n

dec id lng  upon the  spac ing  be tween the  ho les .

I f  t h e  l i f e  o f  t h e  h o l e  i s  d e c i d e d  u p o n  b y

cut t lng  i t  o f f  when the  f low ra te  has  dropoed

The Aus.  l .M.M. Southern Queensland Branch,  The Occurrence,  Predict ion and Control  o l
Outbursts in Coal Mines Symposium September. 1980
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: l  : l  : l- l  r l  5 t .
------fjflrllt0o r

PANTL /+02

O Hote 42 { depth. 128 n g = aEmd J
Se(i ion tot

a  H o l e  |  2 t l l ' { d e p t h  2 . 2 2 0 , 6 . q 1 m
( d . p t h  t . 4 5 7 n , S . 1 l m h

Hole 1. Pre$urc nonitorng oly
r(AlDost 

957. ot f lo!
I t  l rof t  bore hole l

O A Y S

F i g .  1 2 . -  r n f l u e n c e  o f  t i m e  o n  f l o w  r a t e  f r o m  h o l e s  u n d e r  f r e e  f l o w  c o n d i t i o n s .

T I H E , { d . y s )

F lg ,  13 . -  F l ow  ra re  as  a  f unc t i on  o f  t ime ,  Wes t  C l i f f  Co l l i e r y .
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ro  102 o f  i t s  in i t ia l  va lue ,  th ls  then mlgh t

become a  dec id ing  fac to r  in  d ra inage ho le

s p a c  i n g .

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

gas  f rom var lous  ho les  showed tha t  f low ra tes

o f  I . 0  -  2 . O  L / n L n / n  l e n g r h  o f  h o l e  c o u l d  b e

e x p e c t e d .  T h e s e  r e s u l ! s  w e r e  b a s e d  u p o n  t h e

ra te  o f  bu i ld  up  o f  p ressure  1n  boreho l -es ,  o r

f low ra te  measured by  vary lng  the  pos l t ion  o f

t h e  s e a l  l n  t h e  b o r e h o l e .  T h e  m e a n  o f  4 2

measurements  gave a  va lue  o f  1 .96  Z / rn in /n  fo r  a

b o r c f i o l e .  I n  P a n e l  3 0 4  v h e r e  1 2 0  m  l o n g

boreho les  are  be ing  p lanned,  the  expec ted  gas

f low read ings  shou ld  be  about  235 Z /min  fo r

each ho le .  Th is  wou ld  mean tha t  the  produc t ive

l i f e  o f  a  h o l e  c o u l d  b e  e s t i m t e d  a t  a b o u t  2 4 6

days .  The spac ing  o f  ho les  under  these

c o n d i t i o n s  w o u l d  b e  L O . 2 7  m .

The d is tance be tween ho les  recomended fo r

] 'ane l  304 is  l0  rn  and ho les  in  th is  pane l  a re

b e i n g  d r i l l e d  r e g u l a r l y  a t  t h i s  i n t e r v a l .  T h i s

wou- ld  a lso  ensure  superpos i t ion  o f  a reas  o f

in f luence and e l i rn lnaEe b l lnd  spots .

_INFI,UENCE OF SUCTIW

The maln  purpose o f  app ly lng  suc t lon  to

the  dra inage ho les  1s  Lo  cause movement  o f  gas

1n ' . the  ho le  and grou ted  p lpe  and to  e l lm ina te

any  deve lopnent  o f  pos i t l ve  p ressure  a t  the

co l la r  o f  the  dra inage ho le  tha t  cou ld  cause

I i .bera t lon  o f  gas  in to  the  mlne  roadways

through f rac tu red  r lbs .  On the  o ther  hand,

suc t lon  may cause d i lu t ion  o f  the  sucked gas

due to  leakage th rough the  grou ted  sea1s ,

p i p e s ,  o r  t h e  r i b  s i d e s .

For  the  purpose o f  the  exerc lse  a  sys t€ f l r

fo r  f low measurements ,  sanp l ing  and suc t ion

pressure  genera l lon  was des igned and tes ted .

Th is  "as  assoc la ted  w l th  the  grou t ing  sys tem,

to  aacer ta in  the  op t lmum suc t lon  pressure  wh ich

p e m i t s  s u f f i c i e n t  v e l o c l t l e s  i n  t h e  h o l e  a n d

gas ranges and does  no t  cause any  d i lu t lon  o f

t h e  g a s .
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f ig .  14  ls  a  schemat ic  d lagram o f  the

nethod.  F lg .  15  shows the  tes t  appara tus

underground,  wh lch  is  now used as  a  s tandarc i

ne thod a t  the  Co l l ie ry  fo r  tes t lng  grou t ing

ef f i c lency  and fo r  co l lec t ion  o f  da ta  on  the

f low o f  gas  f rom dra inage ho les .

The method o f  tes t lng  ho les  cons ls ts  o f

app ly tng  suc t lon  pressure  in  s tages  f rom zero

( f ree  f low)  to  a  max lmut r  o f  40  kpa.  Suc t ion  is

app l ied  us ing  a  ventur i  connected  to  the  end o f

the  tes t  p ipe  f i t ted  to  the  end o f  the  dra inage

p ipe .  Suc t lon  app l led  to  the  dra inage ho le  1s

regu la ted  by  vary ing  the  amount  o f  a l r  supp ly

to  the  ventur i .  S tandard  ventur ies  used fo r

s tone dus t ing  underground can deve lop  suc t ion

up to  40  kPa,  wh lch  covers  the  range o f  suc t ion

applied underground in any gas drainage

lnves t igaL ions .  F low in  the  tes t  p ipe  is

neasured us ing  an  eJ- I ipso lda l -nose p i lo t  tube

lnser ted  in to  the  tes t  p ipe ,  w i th  the  cent re  o f

the  nose loca ted  aecura te ly  a t  the  cent re  o f

the  p ipe  and a l lgned w i th  i t s  ax is .

Ternpera ture  and suc t lon  pressure  is  measured

jus t  beh ind  the  p i lo t  tube po ln t  a t  a  d ls rance

equa l  to  a t  Leas t  5  t lmes the  d laneter  o f  Ehe

tes t  p1pe.  The length  o f  the  res t  p lpe  is  30

t imes the  d lameter  and the  p i lo t  tube is  p laced

at  L5  t ines  the  d lameter  f rom the  50  m shut

o f f  va lue  l -oca ted  a t  the  ou t -bye  end o f  the

dra inage ho1e.

On app l ica t ion  o f  suc t ion ,  gas  samples  are

co l lec ted  us ing  a  compressed a i r  d r iven  suc t lon

punp.  The ra te  o f  saurpJ-e  co l lec t ion  is  so

regu la ted  thaE l t  does  no t  dLs turb  the  suc t lon

app l1ed.  SarnpJ .es  are  tes ted  on  s i te  fo r

percentage of nethane usLng a Riken

in te r fe rometer  w i th  a  range o f  0  -  1002.  and an

accuracy  o f  !  O.22 .

Dur ing  tes t i .ng ,  d ra inage ho les  are

dewatered by applylng maxlmrrnl suctlon and

allowlng the hole to run ti lL no water f lows

out  f rom the  dra inage ho1e.  Supp ly  o f

compressed a l r  l s  sLopped to  the  ventur l  and

gas flow from the drainage hole ls allowed to
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Fig .  14 . -  Schemat ic  a r rang€rnent  fo r  tes t lng  dra inage ho les  under  suc t ion .

Fig.  15.-  Test ing a gas drainage hole under suct lon at  West Cl i f f  Co1l lery,



s t a b i l i z e .  F r e e  f l - o w  i s  n e a s u r e d  a n d  g a s

s a m p l e s  a r e  t a k e n  f o r  a n a l y s i s .  A  m i n i m u m  o f

s ix  re ; rd ings  are  taken fo r  f low pressures  and a

min i .nun o f  f i ve  gas  sample  ana lyses  are  car r ied

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

o f  3 . J  k P a  ( 1  i n c h  o f  m e r c u r y ) .  F l o w  i s  a l l o w e d

l o  s t r b l l i z e  f o r  a  p e r i o d  o f  a t  l e a s t  f i v e

n i n u L c s  d u r i n g  w h i c h  f l o w  p r e s s u r e ,

t c m l ) e r a r r r r e ,  a n d  g a s  s a m p l i n g  a n d  a n a l y s i s  i s

c i l r r i e d  o u t .  A 1 1  t e s t s  w e r e  c a r r i e d  o u t  w i t h

t l l c  i n c r e a s i n g  s u c t i o n  p r e s s u r e .  B a r o m e t r i c

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

L ! ' s t .

R c s u f t s  o b t a i n e d  o n  a p p l i c a t i o n  o f  s u c t i o n

to  d r i t in i ige  l ro1es  have been ca lcu la ted  us ing

t h c  r e l i t t i o n s l r i p

1 0 0 0  T 100  000
1 .  6 0 3 8

289 l000lP

! { l l c r o  ! '  =  v e l o c i t y  ( n e t r e s  p e r  s e c o n d )

P _  =  b a r o m e t r i c  p r e s s u r e  ( m i l i b a . r s ;

1  m i l i b a r  =  1 0 0  p a )

' l '  =  abso lu te  tempera ture  (degrees  K)

P .  =  d u c t  s t a t i c  p r e s s u r e  ( p a s c a l s ;

n e g a t i v e  i n  t h i s  c a s e )

P ,  =  v e l o c i t y  p r e s s u r e  ( p a s c a l s )

' I I ) e  
f a c t o r  1 . 6 0 3 8  t a k e s  i n t o  c o n s i d e r a t i o n

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

a s s L l n t ' d  i l s  f o l l o w s :

C l l r l  =  952 v /v

c t r 2  =  2 . 5 7  v / v

H r O  =  2 . 5 2  v / v

Vo l .ume o I  gas  f low ing  th rough the  boreho le

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

( j l l r r  [ ( )  r ] s t  im i t t { t  lhe  amount  o f  methane sucked in

r L .  l i t L  j o r l  t o  t l l € r  t o t a l  a m o u n t  o f  g a s e s

( i n c L u d i n g  a i r )  s u c k e d  a n d  r e d u c e d  t o  S T p .  A

t y p i c a l  t e s t  r e s u l t  i s  g i v e n  l n  F l g .  1 6 .  T h e s e

r e s u l t s  s i l o w  c h a !  s u c E i o n  i n c r e a s e s  t h e  f l o w

r a t e  i n  h o l e s  b y  a  f a c t o r  o f  2  -  4  t i m e s .  T h l s

w o u l d  n o t  b e  n o r m a l l y  e x p e c t e d ,  I t  i s  p o s s i b l e

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

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

o l -  t l r e  h o l e .

R. D. LAMA, P.  MARSHALL and L.  GRIFFITHS 2 \ 1

F i g ,  1 6 . -  I n f l u e n c e  o f  s u c t i o n  o n  f f o w  o f  g a s

f r o m  b o r e h o l e  3 0 4 _ 2 9 ,  d r i l l e d  o n

4 / L 2 / 7 9 ,  r e s r e d  o n  1 2 / 1 2 / 7 g ,

d e p r h  9 0  m .

Labora tory  fes ts  conducted  on  adsorp t ion

of  methane on  coa l  samples  a t  p ressures  be low

and above one a tmospher ic  show marked non_11near

e f f e c t s ,  T h i s  e f f e c t  i s  b e i n g  f u r t h e r

i n v e s t i g a t e d .

R e s u l . C s  o f  t e s E s  i n d i c a t e  t h a t  s u c t i o n  a E

t h e  h o l e s  c o u l d  b e  a s  h i E h  a s  3 3  k p a  ( 1 0  i n c h e s

o f  n e r c u r y ) .  B y  i n c r e a s i n g  s u c t i o n  i f  h i g h

f low ra te  i s  ma in ta ined the  produc t ive  t inc  o f

a  ho le  cou ld  be  reduced depend ing  upon the

increase in  f low ra te ,  thereby  decreas lng  the

l e a d  t i m e  r e q u i r e d ,  I t  i s  a l s o  h o p e d  t h a t

percentage recovery  o f  mechane f rom the  so l i c l

c o u l d  b e  g r e a t l y  i n c r e a s e d .

T h e  r e s u l r s  o f  3 6  h o l e s  d r i l l , e d  a t  a

regu lar  d is tance o f  10  n  in  pane l  304 gave a

f  1 o w  r a t e  o f  2 . I  . L / n i n / m  l e n g r h  o f  h o l e .  T h i s

fLow ra te  l s  a  b i t  h igher  than tha t  ob ta ined

f rom pressure  and f low measurements  f rom

ear l ie r  observa t ion ,  bu t  the  d i f fe rence is  noL

very  g rea t ,  Th is  va lue  w i l l  inprove as  f resh

a r e a s  a r e  * p o s e d ,
The Aus'  I  M.M. southern oueensrand Branch,  The occurrence,  predict ion and contror  of

Outbursts i r r  Coal  Mines Symposium September,  19g0
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CONCLUSIONS

The resu l ts  o f  th ls  s tudy  prove conc lus-

lve ly  tha t  shear  zones  are  reg lons  o f  nuch

h igher  gas  pressures  and these c tnnges ln  gas

pressure  can be  p icked up  a lmost  50  m ahead o f

the  shear  zone.  Th ls  can be  an  e f fec tLve

method o f  p red lc t ing  the  presence o f  a  shear

zone ahead o f  a  face .  I ^ / i th  the  des lgn  o f  new

equ ipnent ,  l t  shou ld  be  poss ib le  t .o  use  th is

techn lque to  fo recas t  the  ex ls tence o f  shear

z o n e s ,

Shear  zones  are  a lso  zones  o f  h lgher

pemeab i l l t y ,  and can be  e f fec t l ve ly  d ra ined

prov ided lhey  are  no t  ln f luenced by  s t ress

d is t r ibu t lon  due to  excavat lons  (wh lch  cou ld

a f fec t  the  perneab i l l t y  o f  these zones  very

a d v e r s e l y ) .

Inves t iga t lons  conducted  on  advance

dra inage o f  methane gas  f rom the  so l id '  us ing

hor izon la l  ho les  dr l11ed f rom ex is t ing

excavat ions  a t  West  C l l f f  Co l l te ry ,  have proved

pos i t i ve ly  tha t  d ra lnage o f  methane is  poss ib le

under  mln lng  cond i t l -oos  a t  the  Co l l ie ry .

Research  conducced to  da te  has  es tab l i shed the

fo l low ing  parameters :

1 .  T h e  g a s  c o n t e n t  o f  B u l l i  c o a l  l i e s

b e t w e e n  E h e  l i m l t s  o f  9  -  1 3  m 3 / t o n n e ,

a n r l  n e r h a n s  c l o s e r  t o  1 3  m J / t o n n e .

2, The maxloum gas pressure measured in

the  Bu l , l l  Searn  us lng  a  mul t ip le

3 .

4 .

packer system was 2670 kJa.  Hovever,

h lgher v l rg in gas pressures must

e x l s t .

The depth of  f ractur ing around

excavat . lons 1s less Ehan 6 n,  and a

grout  length of  3 n p laced at  6 -  9 rn

frorn the r lb s ide ls  ef fect ive in

seal lng dralmge holes,

A new grout ing system for  drainage

holes has bee-n developed and proved

successful ,  This systao is  rouch

cheaper than overseas systems.

The optlmun spaclng between holes ln

8u111 Seam a t  West  C l i f f  Co l l le ry  has

been es tab l l shed as  10  n ,  depend i .ng

upon the lead Elne avallable for

dra lnage.  The ln f luence o f  a  d ra lnage

hole, however, extends to a maxlmu of

30  n .  I f  la rger  l -ead t imes are

ava l lab le ,  the  d ls tance be tween ho les

cou ld  be  Lncreased to  60  m,

App l ica t ion  o f  suc t lon  to  the

dra lnage ho le  inc reases  f low ra tes  to

2  -  4  t ines  the  f ree  f low ra te  va lues .

I t  i s  no t  c lear  whether  th is  i s  a

temporary  inc rease ln  f low ra te  o r  a

permanent  fea ture  o f  the  pa t te rn  o f

flow of gas in the coal- seam and

h o l e s .
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