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REVIEW OF INSTANTANEOUS OUTBURST DATA

by

ALAN J.  HARGRAVES1

ABSTRACT

' lhe  prob lem o f  ins tan taneous ou tburs ts

rema: ' -ns  unso lved a f te r  over  a  centuny  o f  events

e r d  F l r e  i n v e s t i q a t i o n  o f  t h e  n e c h a n i s m  o f  t h e

p h e n o m e n o n  a n d  m e a n s  o f  t r e a t i n g  i t .  O u t b u r s t s

h r r r o  n n n l n n a d  ^ f  r r n  f .

p e r h a p s  u p  t o  5 O 0 , 0 o O  m 3  o f  a c c o m p a n y i n g  g a s ,

c i t h e r  m e t h a n e  ( C H , .  )  o r  c a n h o n  d i o x i d e  ( c n .  )
+  

- - . - " - - -  ' - - 2 '

o r  m i x t u r e s .  
' l ' h e  l o w  d e n s i t y  o f  C H q  a n d  t h e

h i g . h  d e n s i t y  o f  C 0 ^  g i v e  p a r t i c u l " a r  P r o b l e m s .
2 -

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

outburs ts  fo r  85  years  w i th  fa ta l i t ies  as

r e c e n t  a s  1 9 7 8 .

The Bu l l i  Seam o f  the  I l lawar . fa  anea o f

the  Sydney Bas in  i s  a f fec ted  and ou tburs ts  w i th

both  aH,  and c0^  occur .  The Nor thern  and
+ z

Cent ra .L  Bowen Bas in  a lso  expeu iences  ou tburs ts

u , i t L  \ ' n f h  o a q p s .  P - o n e n e s s  o f  a f f e c t e d  m i n e s

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

proneness  o f  the  seams is  loca l i sed  accord ing

tb  depth ,  gass iness ,  s tnuc ture  and deve lopment

geomet ry .  Proneness  may be  reduced by

- - ^ ^ ^ ^ - i : r o  n h n i n o  a f  n i n i n o  m e t h n d s  T ns P l  !  v P r

add i t ion  to  ou tburs t ing  n ines  o then n ines  have

symptomatic phenomena. Tr.aditiona.l- preventive

methods  have been used and cont ro l  by  induce-

m ^ n r  h e s  h e e r  n r a c t i s e d ,  A  m e t h o d  o f  l o c a L

pred ic t ion  fo r  w idespread use has  no t  been

aeh ieved a l though Ioca l l y  success fu l  p red ic t ion

lsuper in tendent  
Rock  Mechan ics  and St ra ta

Cont ro} ,  The Broken H i I I  Propr ie ta ry  Company

i , i m i t e d ,  S t e e l  D i v i s i o n  C o 1 l i e r i e s ,  W o l l o n g o n g ,

N . S . W .

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

c f F r r ^ i  r r F A  . e c a < < h o n i  ^ 5  - - ^ ^ i ^ ^ - -  - 6  I  - n -  I  ' . -J r  g a s s r n e s s  a n c  a n a l y : l s

o f  m i c r o s e i s m i c  e v e n t s .

ThF l : rda  :mn ln t  n f  wor - Id  research

ach ieved over  the  las t  cen tury  and in  the  pas t

? q  v a r h <  i n  A r r < t r r l  i :  n : n r ' i n r , l r n l r r  h e <  n o i n -

fo rced the  complex i ty  o f  the  prob lem and the

need fo r  the  s t r .onges t  nesearch  e f fo r ts  to

- ^ 1 , , ^  i + , , L ; 1 ^ +  * i - l - ^  H a ^ ^ h - <  r l o a n o n : n d  m n v . -w i l r  f  r  L  ' r ' r r r r  / ' t s  u e L  l - L r  o , r u  i l r v a  _

n i n o <  r n o  a e n a . i a d  t ^  h a . ^ h a  h h ^ n a  D r < t  r , r a n l- - -  - -  J c r u , , ' c  P ! v , r c .  ,  o r !  h v r ^

has so  fa r  no t  ru l -ed  ou t  any  o f  the  v is jL le

. l ines  o f  research  in to  th is  p rob lem and much 
'

,emains  to  be  done

INTRODUCTORY

P o n h : n <  r f r a F  ? q  \ , ^ - - -  ^ F  - + , , i , , i - -  + 1 . -r  L r , , u f  J  J c o l  -  v r  - L u u y  ! ' 1 6  L r ' -

problem of  instantaneous outbursts of  coal  and

gas ,  one  way  o f  r ev i ew ing  t h i s  pe r i od  wou ld  be .

t o  p resen t  a  b i b l i og raphy ,  Bu t ,  apa r t

f rom some case histor ies and a l i t t le  or ig inal

work,  i t  would largely be a l is t  of  potboi lers

fon there has been no neal  breakthrough in th is

per iod.  ln fact  a b ib l iography recording thc

past  100 years of  study of  instantaneous

outbursts would be s imi lanly d isappoint ing.

With a centuny of  pnogress in coal"  product ion

techniques,  inc luding intensive mechanisat ion,

instantaneous outbursts st i l l  occur.  There is

n a  e j m n l a  I  i + h , , e  1 6 < f  f ^  i i ^ - + i F "  ' . ' i r h
r r v  o f , r y r c  L v  f q e l L a r J  w r  L , '

. a r f r i n f v  f h i t  e  c n e l  i c  n r r t \ r ' - < t  n n n n a  T h e r e

i s  no  s imp le  a la rm dev ice  to  g ive  adequate

warn ing  t ime o f  an  impend ing  ou tburs t  in  a

n l i ^ 6  T h 6  ! , h . l a h c t . h r l i n o  n F  t h o  m o n h : n i a e  a Fy r q v v  r
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l : i r e  ! , l t e n o n e n o n  i s  l a c k i n g .  T h e o r i e s  a b o u n d .
' i  l L , , r L n c i : r . t a i n r y  s t i l . l "  e x i s t s .  B u t  t o  s a y  m o r e

t h , i n  t h J t  a n  i n s t a n t a n e o u s  o u t b u r s t  i s  a  g a s

,or , i  : l .es rs  phenornenon is  go ing  too  fa r  w i thout

I j , ; i .  o J :  c l r a l l e n g e .  W e  a r e  s t i l l  l e a r " n i n g ,  b u t

| .  J I  I  i r t i r r g J y  : l o w L y .

l n  l 9 t r 0  a n  i n t e n r a t i o n a l  m i n i n g  m a g a z i r e ,

LLU( le |  the  head ing  o f  "Safe ty  Dev ice  fo r  Coa l

1 . 1  i n i l j "  r ' e P o r t e d r A n  a p p a r a t u s  m a k i n g  i t

I , o t ; : r i l , . l r :  t o  f o r e c a s t ,  a t  l e a s t  s i x  h o u r s  i n

. r i l v . rncr : ,  rn , " .  sudden erup . t ion  o f  coa l  and gas ,

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

l . ' , ,  1  Iqo : lcow sc ien t is t ,  M: ikha i l  An ts i fe rov .
' I l r e  l , u i l d - u p  o f  t h i s  p h e n o m e n o n  c a u s e s  c r a c k l e

i n  t h t r  c o a f  I a y e r ,  v r h i c h  b e c o m e s  s t r o n g e r  a s

' 1 ,  n o m u n l  o f  e r ' u r . l i o n  a p p r o a c h e s ,  w h e n  t h e

acr : r rn ru la tcd  CI l4  gas  in  the  layer  fo rces  the

c o d L  1 o w . r r ( l s  t h e  f a c e .  T h i s  c r a c k l i n g  i s

: rccorn l ran iec l  by  the  rad ia t ion  o f  mic rose isn ic

i ! .1v , ' i r  -  and - i t  i s  on  the  re€ l i s t ra t ion  o f  these

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

" r , c o 1 , h o n e r ' ,  - i f  p l a c e d  i n  t h e  l a y e r ,  i s  a b l e

* f , ^  
t - r  

i  , L * ^ ^, 6 , . . _ - t  s o u n d  o s c i l . I a t i o n s  i n

t h e  | o c k .  I n  r e g i s t e r i n g  t h e m ,  t h e  g e o p h o n e

l r lo . luccs  e l r :c t r . i c  inpu lses  wh ich  are  passed

t l r r o ' . . . h  J n  c l e c t . n o n i c  a m p l i f i e r  t o  a  t a p e

r . fc ro rder .  ' l he  opcra tor  watches  the  in tens i ty

o l  t h o  c r a c k l e s .  I f  t h e i r  n u m b e r  e x c e e d s  t h e

l r o | n r ,  i r  j n J i ' : l l c s  d n  i m p e n d i n g  e r u p t i o n ,  I t

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

I  l o i n  r h e  f a c e  i n  g o o d  t i m e .  '  (  A n o n .  ,  1 9 6 0  )  .

I  0 f o f t u r l d t e l y  t h e  U . S . S . R .  e n t h u s i a s m  f o r

t l r i ;  I r ' i n c i p l e  w a : i  p r e m a t u r e ,  a n d  m a n y

i i l : t a r ) t a n e o r i : l  o u t l ) r l r s t s  w i t h  f a t a l i t i e s  h a v e

o c c u n r , e d  i n  I l . S . S . l i .  s i n c e  1 9 6 0 .

f  n  . \L r : . r  t f . t l i a  in  1978 i  t  was  pub l ished

L h : r t  " s c i e n t i s t s  h a v e  g a i n e d  a n  u n d e r " s t a n d i n g

o  I  L l r , r  m e c l r . r n  i . ; m s  t h a t  c a u s e  o u t b u r s t i n g .
' i i r cy  

a fo  us ing  a  range o f  mon i to r ing

t " c h n .  u , , ;  ' o  
l , n o v i d c  w a r n i n g  o f  i r n p e n d j n g

out i )u r : r ts " .  Unfor tunate . l -y ,  two months  a f te r

tha t  pubt ica t ion  two nen d ied  in  an

Aust ra l ian  ins tan taneous ou tburs t  and o t l rc r , ,

non- fa ta1  ou tburs ts  have occur red  w i thout

w a r n i n g  s i n c e .

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

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

over  the  pas t  cen tury  there  is  no  room fo r

immodesty .  There  is  no  room fo r  fa lse  secur j tv

d e r i v i n g  f r o m  t h e  e n t h u s i a s m  o f  j o u r n a l i s t s .

There  is  an  urgent  need fo r  modest  and d i ] ig , r :n t

w o r . k ,  a i d e d  b y  p r e s e n t  s o p h i s t i c a t e d  s c l e n t i l  j c

deve lopments .  By  modesty ,  f rame o f  mind  i : ;

i m p l i e d ,  n o t  e x t e n t  o f  w o r , k  w h i c h ,  t o  j u d g e

f rom the  amount  done a l ready  w i thout  g rcd t

success ,  cou fd  we l .L  be  enormous.

The tendency  to  regard  the  max imum s iz t :

o f  p rev ious  ou tburs ts  as  the  max imum s ize  o f

fu tu re  ou tburs ts  i s  an  a t t i tude  f raught  w i t l r

danger ' .  L ikewise  even ou tburs ts  r r :gar .ded a : ;

smaL l -  may invo fve  hazards  seeming ly  ou t  o f

p r o p o n t i o n  t o  t h e i r  s i z e ,

Perhaps  the  most  spec tacu la r  ou tburs t

r e c o r . d c d  w a s  o f  1 1 2 7 0  t o n n e s ,  d t  t h e  R i c a r d

C o l l i e r y  i n  t h e  C e v e n n e s  B a s i n ,  f r a n c e  a t  d

d e p t h  o f  8 0 0  m  i n  1 9 3 8  ( C h a i n e a u x ,  1 9 4 7 ) .

S h o t f i r i n g  c o m p r i s i n g  e i g h t  1 . 8  m  h o l e s  w i t h  . i

t o f a l  o f  2 . 2 5  k g  o f  p e r m i t t e d  e x p l o s i v e  w a s

thought  to  have caused an  ou tburs t  (heard  in

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

t e f e p h o n e  o f F - t h e - h o o k  n e a n  t h e  f a c e  s h c t ) ,

About  f i ve  minu tes  .La ter  a t  the  co tLar  o f  the

dohncas t  sha f t  there  was a  v io len t  rush  o f  a i r ' ,

qu ick ly  fo l - l -owed by  fume or  dus t  and a  grea ter

f l a m e .  A b o u t  3 0  n i n u t e s  a f t e l  t h e  s h o t s ,  t h e

upcas t  fan  was s topped and the  shut te r  in  t l ie

upcas t  was  cLosed.  F igu : :e  1  shows the  he igh t

o f  the  f lane  (wh ich  burn t  fon  seven hours)

, , i + A  + L ^  ^ - ^ ^ - ^ ^  ^ c  ! : -w r L r r  L n e  p a s s a g e  o r  t r n e .  T h e  o u t b r l r s t

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

Gouf f re  (upcas t )  sha f t  f rom 160 mm to  125 mm,

rhe Aus.  LM.M. southern oueensland Branch,  The occurrence,  predict ion and contro l  of
Outbursts in Coal  Mines Symposium September,  19gO
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) t 2 r a
T im .  a t lG r  3ho t f i r i ng ,

F ig .  l  R i co rd  Sho f t  -  I  938  -

s 6 . 7
hou rs .

heQht of  f  tome
o b o v c  c o l l o r

' i  l r t  car r : ;c ,  anc l  l -oca t ion  o f  the  subsequent

i  1 l n  i t  i , r n  i s  r L n c e r t a i n .  A f  t o g e t h e r ,  a  t o t a l

c r r r i : r : ; i o n  o f  r 1 0 0 , 0 0 0  m 3  o f  C l l U  l v a s  e s t i m a t e d .

r \111- , . rpsn11t  the  seam gas  compos i t ion  was

r l -p rox imate ly  9s"  CO2,  91e"  CI l4 .

l {hereas  ou tburs t  C l lU  has  the  added danger

o i  i l l l t i i : i o n ,  a s  e x e m p l i f i e d  i n  t h e  R i c a r d  a n d

o t i r o l  e x i r e r i e n c e s ,  i t  i s  v i r t u a l f y

l , i r y s i o l o l l i c a l l y  i n e r t .  C O 2  o n  t h e  o t h e r  h a n d

i r ;  d e L r i l i t a t i n g  i n  a i r  a t  c o n c e n t r a t i o n  b e f o w

I  l r t t  m in  i r run  exp , los ive  percentage o f  CHU ,  added

l - o  r r l t  i c h ,  I ) o c a u s e  o f  h i g h e n  s o r p t i v e

c a 1 . . : r c 1 ' . t i . c s ,  m o r e  C O ,  a p p e a r s  t o  b e  o u t b u r s t .

! i i t : l l  , l e s t r u c t i o n  o f  v e n t i l a t i o n  s t r u c t u r e s  n e d r

i l  r r  r i i t .  o 1 '  a  m a j o r  o u t b u r s t ,  w i t h  s l o w e r

. l i  i l - u r ; i o n  c h a r a c t e r i s t i c s  o f  C 0 2  r e l a t i v e  t o

I i l r l ,  t l l c  h e . r v i e r  C O ,  t e n d s  t o  n o v e  t o w a r d s  a n d

r . o i r a i n  i n  t h e  b o t t o m  o F  t h e  m i n e  o r  i n  a  d i p

P l : rce .  
' l ' h i : :  was  the  exper ience a t  200 m depth

a t  i ' o l - f i n s v _ i l l e  i n  1 9 5 4  w h e n  s e v e n  m i n e n s  a n d

f  r v o  1 1 q 1 1 , " . ' 5  p e r i s h e d  (  r l u e e n s l a n d  G o v t .  ,  I 9 5 6  )  .

I l l c l  i t  I r c c n  C I l 4  w i t h o u t  i g n i t i o n ,  s o m e  o r  a l - l -

c o r r l d  h a v e  s u r v i v e d .

i i  : in  i  l - ; r r  c i rcurns tance i l t  the  Isene ,

t * t n c ' r ,  o i -  a n  o u t b u r s t  w . i t h  C 0 2  a t  4 0 0  m  d e p t h

l f d i ) ; ) c \ l  r : i g l r t  m i n c r s  i l t  t h e  b o t t o m  o f  t h e  m i n e .

i ' l r 1 r  v ( . n t r i i ( r t i o n  f a n  c o u l d  n o t  c o p e  w i t h  t h e

d e n s e ,  a l m o s t  p u r e  C 0 2 ,  a n d  s p e c i a l  e x t r i t c t o r s

were  needed to  p rogress ive . ly  remove i t  f ron l  the

m i n e  a n d  c o p e  w i t h  t h e  c o n t i n u i n g  m a ( e  o I  . , , r .

A  300 m co . lumn o f  CO^ was equ iva len t  to  aI

d e p r e s s i o n  o f  2 O O m m  o f  w a t e r  ( C o g n e t ,  I 9 4 6 ) .

The 1 ,000 tonnes  o f  coa l  we: le  accompan ied  by
3

1 0 , 0 0 0  m -  o f  C O ,  a n d  t h e  c o n t i n u i n g  C O ,  m a k e

wi th  t ime is  shown in  F igure  2 ,

To go  in  th is  ve in  and to  de ta i l  the

var ious  ou tburs t  d isas ters  migh t  be  cons t ruod

as d iscouragement  to  the  min ing  o f  ou tburs t

p r o n e  s e a m s ,  b u t  t h i s  i s  n o t  t h e  i n t e n t .  l . h r :

in ten t  i s  to  d ispe l  any  ovens impf i f i ca t ion  o f  .

the  prob lem and to  encourage the  broadest

research ,  par t i cu la r ly  as  the  most ,apparent

l ines  o f  research  are  a l ready  under  cont inu . ing
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. . , , 1 .  A n  i n s t a n t a n e o u s  o u t b u r s t  i s  a

p h e n o m e n o n  d u r i n g  a c t i v e  f a c e  a d v a n c e ,  a n d

hence the  bes t  cond i t ions  fo r  f ie ld  research

a le  on l -y  p rov ided when min ing  is  ac t i ve ly  go ing

on.  To  g ive  up  because o f  ou tburs t ingprob lems

is  v i r tua t ty  to  c lose  an  ou tburs t  research

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

C o I - l . i n s v i l l e  N o ,  1  T u n n e l  t h r o u g h o u t  t h e  1 9 6 0 ' s

a n d  l y / u  s .

In  summary ,  some l -a rge  ou tburs t  d isas ters

are  shown in  Tab.Le  1 .

AUSTRALIAN EXPERIENCES

Aust ra . l - ia  has  documented exper " iences  o f

ins tan taneous ou tburs ts  commenc ing  a t  Met ropo l -

i t a n  C o l l i e r y  ( S y d n e y  B a s i n )  i n  1 8 9 5 '  U n t i l

1 1 5 4 ,  w h e n  b o t h  M e t r o p o l i t a n  C o l l i e r y  a n d

C o l  l i n s v i l l e  S t a t e  C o I I j  e r y  ( B o w e n  B a s i n )
t

e x l e r i e n c e d  f a i a ]  o u t b u r s t s ,  M e t r o P o l i t a n  h a d

L c e n  t h e  o n l y  c o l l i e r y  a f f e c t e d '  e x c e P t  a

s ing le  repor ted  occuruence a t  Nor th  Bu l l i

C o l l i e r y  i n  I 9 1 1  ( H a r g r a v e s ,  1 9 6 5 a ) .  I n

r e t r o s p e c t  i t  a p p e a r s  p o s s i b l e  t h a t '  i n  t h e

per iod  to  ]954 o ther  deep and gassy  mines  have

been a f fec ted  w i th  marg ina l  phenomena,  unrecog-

n i s e d  a t  t h e  t i m e .  1 9 5 4  m a r k e d  t h e  b e g i n n i n g s

of  p romot ion  o f  research  in to  the  phenomenon by

Hel rburn  L td . ,  oPera tors  o f  Met ropo l i tan '  and by

the  Depar tment  o f  M ines ,  Queens land.  In

subsequent  years  p rorno t ion  o f  research  was

r : L a h  , , h  h r r  T h o  . T n i n 1  a ^ a l  R ^ : r d  T h e  O \ r p p r l s -

]and  CoaI  Board ,  The Broken H i lL  Propr ie ta ry

C o .  L t d , ,  B o w e n  C o n s o l i d a t e d  C o a l  M i n e s ,  e t c .

and was conducted  by  The Un ivers i ty  o f  Sydne l - ,

A u s t r a f i a n  C o a t  A s s o c i a t i o n  ( R e s e a r c h )  L t d .

a n d  t h e  D e p a r t m e n t  o f  M i n e s ,  N . S . W .  w i t l l  t h e

passage o f  years  o ther  mines  in  the  Sydney and

B o w e n  B a s i n s  h a v e  b e e n  a f f e c t e d '  a n d  t h e

present  s ta te  o f  ou tburs t  exper . ience in

Aust ra l ia  i s  summar ised in  Tab le  2 .  T i re  Coa. l -

c l i f f  and  Nor th  Bu l l - i  occurnences ,  a l l  on  dy) 'e

in te r ,sec t ions ,  a re  regarded as  marg ina l  Other

marg ina f  and suspec t  occunrences  more  remote

f rom es tab l i shed occuruences  have been exc l -uded.

Wi thout  except ion ,  a l - l  ou tburs ts  have occumed

in  head ing  work .

A i i i  + i a n : 1  I  r r  < ^ m a  r n n i r A n t  . r 1 l  h r r r s t s

h a v e  o c c u r r e d  i n  s u r f a c e  e x P f o r a l i o n  r o l a n v

b o r e h o J - e s ;  i n  1 9 5 8 - 1 9 5 9  i n  t h e  S y d n e y  B a s i n

Mulgoa No,  2  Bore  a t  depth  790 m in  the  Midd le

Riven Seam and 1080 m in  the  Tomago Seam,  w i th

coa l  and f i redamp,  and in  . l -960 in  the  Bowen

Bas in ,  NS 275 Cof l insv i l le  Bore  in  the  Mumay

Seam at  305 m wi th  coaf  and f i redamp (Hargraves .

1 9 6 5 a ) .

The  i n i t i a l -  ma jo r  imPe tus  o f  Aus t ra l i an

research was to mine safely as an i rnmediate

TABLE 1

Sorne lange outburst disasters

Tha Aus.  l .M.M. Southarn oueensland Branch,  The occurrenco,  Predict ion and contro l  o l
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M i n e Country Date Gas
'l onnes

coa l

Est i rnated
m3 gas

Fatal i t  ies Remarks

Agrappe

No .  1  Mo rn i sseY

Wenceslaus

Ricard

I s tvan

Bel -g ium

POrano

France

Hungary

1 8 7 9

1904

19  30

1 9 3  8

1 9 5 7

C H , ,

cH, ,

c0^

CH, '
C H

?

3 5 0 0

5000

7 2 7  0

1400

340  , 000

1 r+0 ,000

2 8 , 0 0 0

4 0 0 , 0 0 0

2 7 3 , 0 0 0

14

1 s 1

2

?

Exp los ion  and f i re

Suf foca ted

Suf foca ted

Exp los ion  and f i re

Vent  i  Ia t  ion

reversed
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Table 2

Summary of  Austra l ian Outburst  Exper ience

B a s i n seam 'v'':!
n

Nunber
Max

S i z e
Tons

Work  Phase

1 8 9 5

1 9 2 5

1 9 4 9

1 9 5 4

1 9 6 1 .

1 9 1 1

1 9 6 1

1 9 6 7

1 9  6 9

7 9 7 2

1 9 7 7 +

1 9  5 4

1  9 6 0

1 9 7 8

1 9',7 5+

I  Met ropo l i tan
I
I

I  Met ropo l i tan
I
I

Metropo l  i  tan

M e t r o p o l i  t a n

M e t r o p o  l i  t a n

Nor th  Bu l l i

C o a l  C l i f f

Cor r ima_ l

A p p i n

b u l l f

W e s t  C l i f f

C o l I i n s v i l l e  S t a t e

C o l l i n s v i l l e  S t a t e

f f f D

l , e  i c h h a r d t

Sydney

Sydney

Sydney

Sydney

Sydney

Sydney

Sydney

Sydney

Bowen

Bowen

Bowen

Bowen

Bul l i  1 8

Bu l ] i  22

Bu l l i  22

Bu l l i  22

Bu l l i  22

b u a a l  l 5

Bulf i  22

Bul l - i  24

Bul- l i  2g

Bu l l i  12

Bu l l i  23

Bowen 22

Bowen 22

Bowen 23

u c r " r r r f ,  z J

400
- 4 5 0

400

425

4 2 5

425

370

4 5 0

400

5 2 0

3 8 0

4 6 0

1 8 0

1  80 -
200

28o

3 7 0

I 3

1

1

7

many

1

2

3

3

1

10  0+

'),

6+

1

many

200?

1 4 0

5

9 0

3 0 0 ?

1

2

5 0

6 0

100

1 3 0

400

3 6 0

2 5

5 0 0

Blackdamp

Blackdamp

co2

C O  + m i  - - , 1-  - 2  " ' , - " " "

Mixed

Mixed

Methane

Mixed

I
M o t h r n a  I. - . . . " . , ' I

I
BJ-ackdamp 

I
Ib_r.ackdamp 
I
I

bJ_acKdamp 
I

I tetnanu I

I  
P i ck

I  S i n s l - e  S h o t

|  , n 0 " " " u . - r n "

|  , n o " " " u . . r n ,

f n d u c e r  S h o t f i r i n g

P i c k - d e l a y e d

C o n t i n u o u s  M i n e r

Cont inuous  Miner  ]

Cont inuous  , rn" "  I
I

Continuous Utner 
I

Cont inuous  U iner  
I

S ins le  Shot?  I

rnau" . "  sno t r i r tne l-l
Cont inuous Uiner 

I
Cont inuous Miner I

I nduce r  Sho t f i r i ng l

reqtr i rement and to develop safe means of

cont inuous mining as the long term object ive.

Thus inducer shot f i r ing was intnoduced

( f l a r . g raves  e t  a l . ,  . L964 )  (Ua rd ie  and  Ha rg raves ,

1960),  Then expeniments wi th Large diameter

holes wi th inducer.  shot f i r ing to establ ish

prevent ive ef fects wene undertaken.  In the

absence of  overseas cr i ter ia of  pat tetns of

large diameter bonehofes for  pnevent i .on in

headings extensive exper iments wer.e conducted

at  Metropol- i tan Col l ieny wi th hol-es of

prognessively greater  d iameten -  u l - t imately to
600 mm - with concu::rent monitoring for^

degassing (by gas pressure and by emission

tes t i ng )  and  des tness ing  (by  s t r ess  change
measurement)  ahead of  the heading faces (Figs,

3 and 4) .  Then af ten establ ishing that  the
gas pressure in the centre of  a large pi l lar .

was . low compared wi th v i rg in gas pressure the
p i l l a r  was  sp l i t  by  con t i nuous  m in i ng  (F i g .  5 ) .
As a resul t  of  th is work the fo l lowing

conc lus i ons  we re  d rawn : -

1.  Two 300 mm diameter hoLes dr i l led

adjacent to the r ib l ine prevented

explosive inducement of  instantaneous

outbursts in an area regarded as

highly outburst ing.

The Aus.  l .M.M southern oueensrand granch,  The occurrence,  predict ion and contror  of
Outbursts in Coal Mines Symposium September, 19g0
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I

P L A N  A T  F A C E  O F  N O 2  L E F T  S L A N T '

F i g  3  E x a m p l e  o t  i n d u c e m e n t  w i l h  i n s u f t i c i e n l

3 0 0 m m  d i a .  P r e v e n t i v e  h o l e s .

ti

l l nu l l  ou tburs ts  were  induced in  s ides

, ) f  l . r c n :  , ' . n l / i n i n o  ^ o r t r : l  s i n o l a

r ' , ^ . -  r r r . . . , - - , , a r  - i - : I e  4 5 0  m n

d i a r n e l e r  h o l e s .  I

,  ̂ ' ,  , , 1 ^ - : l . l -  - : c  l - : i n :. .  . ' * . . J g e  w a s

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

w i  l r  I  
' n o  

i i  a  h ^ i n t  h e t w e e n  1 0 - 1 4  m

|  ,  ' \ -  w L i . f  w a s  r e - r t e  f r o m  t h e

300 mm c l iameLer  ho le  and no t  in  the

'  r r ^  I  l a n e  i n  t h o  s e a m .  f o n  e x a n p l c ,

a t  2 . 7  r n  f r o m  a  3 0 0  m m  d i a m e t e r  h o l e

r : t  rn  pg isg€ 'c l  faes
? 2

a t  l . a s L  2 5  k g / c n -  t o  5  k g l c m -  w i t h

t  r  , l r U c -  1 . , :  i n : - o

, \  I  t ' ' o , r ,  l -  - h ' .  e x r o r i m c n t a l  r e s u l t s

i i l ro , , {  the  300 mm d iameter  ho les  to  have

r r r  l m m e J i a t u  t h o u g h  s m a I I  s t r e s s -

'  ,  l  i n v i n o  ,  f f n n r  a t  n F A s F n f  t h e w  a n

r ^  r ,  r ^ . . ,  . n 6 ^ i f j c a r i o n  o f

t l ) i : l  s t r c s s  r e l - i e f ,

'  
L . _ ^  i  - ^  . -  I  ^ h r ^ L  I  i  n dL  I  u r r P  r  r r t s  d I u  u r  o ! ^  ! f , ' ] R

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

. r r  r r . , r j r 1  n n t r n o o r o n F  ( 3 0 0  m m  t o
' / ' 1  .  n n  J i : r e r c r )  d u r i n g  d r i l l i n g

n ' r t  i r ' -  r r r a ' i r a t i v o l v  f n a t  S t r e S S

r . r : L i o f  t a k e s  p 1 a c e .  C o n s i d e r a b f e  h o l e

co) . Ia1- - : ;e  and aud ib l ,e  s t ress  re l ie f

w o u l d  b e  m o r e  l i k e t y  i n  o u t b u r s r -

n n ^ n p  7 ^ n a q  w e : L o n c d  h r r  c l  i n c  f l r l t r

a n d  d y k e s .

6 .  V , l h :  I  r  i t  h a s  h e c n  n o s s i b l  e  t o  ] o c a t e

t h e  f a c e  a b u t m e n t  b e t w e e n  3 - a  n ,  L e s r c r

: \ , , t m a n f e  n : n a l  l e l  t o  t h e  3 0 0  m mt s e .  s + 4 L r

d iameten ho l -es  a re  assumed w i thout

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

T F a  a  ?  r . l n : i n a c a  n a n o e  m e n t i n n c d

above indicates that  th is assumed

abutment is  insuf f ic ient  to prevent

ef fect ive }ateral -  drainage.

'

I

3 .

: r .

Metropol i tan Col l iery

IPi l lar 
dim.nsions 88 m . 250m. 

H:: l  
' i :  . ,og*o 

,3 
r*o 

1

The Aus.  LM.M. Southern Oueensland Branch,  The Occurrence,  Predict ion and Control  o l
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s  
r , . .  -40  d .y t

Eh l l r lon  Rr ia r  ra l r l l v .  to  Or r ln rg .  t lm.
In trc.  wl lh two 300hm dir .r tbi ln;  hotei



B .

1 0 .

i 1

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

. loC mm d iameter  ho les  have an

i m m e d i a t e  1 . 5  n  r a n g e  o f  p : : e v e n t i v e

- f f e - r  .  a n d  h e n c e  r h i s  p a n a l I e I  a b u l  -

n e n t  m a y  b e  a t  t h i s  r a n g e ,

i )ne  ho le  a long each r ib  in  a  normal

h  i  i ' n  r  l o c o  f l d S  a  p r o g r e s s i v e  d r a  i n a g e

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

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

o n  - h e  (  a s s r r 1 6 a  )  . F r a  t _ l  e  I  a b u t m e n  L s

h e t ! , ' e e n  t h e  h o l e s .

T h e r e  i s  a  r e l a t i o n  b e t w e e n  t h e

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

i n d u c +  I  o u r  l - J r s f  i n g .  T h e r e  e x i s t s  a

l i n ' i t i n g . n j s s i o n  r a t e  o f  1 . 4  c c / g

be low wh ich  ou tburs ts  have no t  been

i  n d u c e d .

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

l )e tween nax lmum gas  pressure  neasured

u n d e r  s t a n d a r d  c o n d i t i o n s  a n d

s u b s e q u e n t  i n d u c e d  o u t b u r s t i n g .

l lo les  300 mm d iameter  feduce the

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

w i t h  t i m e .  I n  t h e  g a s s i e s t

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

.  r - v  r . t e r '  / - O  ' l r " <  t h e  e m i s s i o n

r a t .  o f  c o a l  i n  t h e  w o r k i n g  p l a c e

d l ' l e d :  s  ' o  b e  r e d u c e d  b e l o w  1  a  c c / g .

T h e  e n r n i n i c a l  r  e q r r l  r s  s r r s s e q t  t h e f  i i

m a v  b e  p o s s i b L e  t o  c o n m e n c e  c o n t i n u o u s

n i n i n g  i n  d e v e l o p r n e n t  i m ' n e d i a t e l y

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

3 0 0  m m  d i a m e t e r  h o f e s .  T h i s  i s

n o r ' r a l I v  t h e  c a s e  w h e n  t h e  ) a r g e - h o I e

s  / i , t e m  i s  u s e d  o v e r s e a s ,  i . e .  t h e r e

i s  n o  e l a p s e  o f  w a i t i n g  t i m e .

A. J. HARGRAVES

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

cont inuous  min ing  in  deve lopment  a t  Met ropo l_

i tan  Co l l ie ry  fo t lowed,  w i th  p revent ion  by

3 0 0  n m  h o l e s .  T h e  b e g i n n i n g  o f  t h i s  p r a c t i c e

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

e x p e r i e n c e s ,  a n d  s u b s e q u e n t  s p e c i f i c  m i n i n g

devefopments  a re  la rge ly  le f t  to  o ther

a u t h o r s .

PRONENESS OF SEAMS

I t  i s  apparent  tha t  the  h igher  the  ra r ik

o f  coa . l  the  more  prone i t  i s  to  ou tburs t ing .

I t  s e e m s  t h a t  t h i s  p r o n e n e s s  l i e s  i n  t h e  h i g h e r

capab i l i t y  o f  a  coa l  to  so l .b  gas  w i th  inc rease

o f  c h e m i c a f  r a n k  a s  d e f i n e d  b y  V . M . %  a . f . d .

Poss ib le  d i f fe rences  in  the  parameters  o f

phys ica l  rank  a t  any  one chen ica l  rank  may

a v n l a i n  - ' - i . '  i ^ - .  i -  f- . .  p roneness  w i th in  the  one

chemica f  rank .  Some workers  have re fe r red  to

c o a l  t y p e  a s  a  b a s i s  f o r  p r o n e n e s s  ( H a r g r a v e s ,

1 9 5 8 )  b u t  t h e r e  a p p e a r s  t o  b e  n o  s u b s t a n t i a t i o n

of  t t l i s  in  Aus t ra l - ian  exper ience.  The h igher

sorp t ive  capac i ty  o f  coa l  fo r  CO,  than fo r  Cf iu ,

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

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

C a "  A c c e p t i n g  t h a n  a n  o u t b u r s t  i s  a  g a s  a n d

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

modu] i  o f  the  coa l -  a re  no  doubt  invo lved in

the  f rac tu re  mechan ics .  Phys ica l  rank  and

s t rength  are  re la ted .  fn  € lenera l ,  rank

i n c r e a s e s  w i t h  d e p t h  o f  c o v e r ,  S t r c s s

increases  w i th  depth  due to  g rea ter  conf inement

and super incumbent  Ioad and hence proneness  is

r e l a t e d  t o  d e p t h .  S o m e  s e a m s  a r e  b a d l . r

damaged by  pr io r  geo log ica l  h is to ry  and an

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

a n o m a f v ;  t o  t h i s  e x t e n t  s t r u c t u r e  a f f e c t s  t h o

p n o n e n e s s  o f  w h o l e  s e a m s .  W h e r e a s  i t  i s

genena l ly  accepted  tha t  on fy  seams o f  h igh  rank

a r e  p r o n e  t o  o u t b u r s t s ,  t h e i e  a r e  e x c e p r i o n 3

where  seams o f  fower  rank  are  sub jec t  no t  on ly

The Aus.  LM.M. southern oueensland Branch,  The occurrence,  predict ion and contro l  o l
Outbursts in Coal  Mines Symposium September,  19g0
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L o c a l l y ,  w h e r . e  t h e  r a n k  i s  i n c r e a s e d  b y

i n t r . u s i o n  ( E t t i n g e r  a n d  L a o - T c h i ,  I 9 5 9 ) ,  b u t

in | -xpL icabty  in  the  case o f  some very  low rank

c o a l s  ( . l o v a n o v i k  e t  a l . ,  I 9 7 9 ) .

r .  A P  i n d e x .  d - t e r n - i n e d  b y  l a b o r a t o r y

t r : ; t ,  i n d i c a t e s  t h e  P r o n e n e s s  o f  a  c o a f  t o

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

usefu l  in  I lu ropean coa.L  env i ronments  where

:onrc t imes 20  or  more  seams may be  worked or

r o n : ; j - d e r e d  F o |  w o r k i n g  i n  t h e  o n e  a r e a .  U n d e r

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

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

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

a d o p t e d  i n  w o r k i n g  t h e  s e a m ,  b u t  a ] - s o

I  r r  r  i c J l a r  I y  i n  s e l e c t i n g  a  n o n  o r  f e s s - P r o n e

s e t r m  a s  a  p r o t e c t i v e  s e a n  f o r  p r i o r  w o r k i n g !

. . / 6 n  |  1  r n e  e x t e n '  o f  g i v i n g  c o n s i d e r a t i o n  t o

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

' r I i r  g l r d t q r  r a n g "  o f  p r o  e c t i o n  ( H a r g r a v e s ,

l ! l ? 3 ) ,  d e s p i t e  t h e  g e n e r a l  m i n i n g  d i s a d v a n t a g e s .

Tab le  3

l n s ' a n r a n e o u s  o u t b u n s t  p n o n e n e s s  r e l - a t i v e

t o  n a t u r e  o f  m i n i n g  -

a  compar ison w i th  rockburs ts

The  Aus .  LM.M

PRONENESS OF PLACES

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

c r o s s - m e a s u r i n g  o r  s i n k i n g  i n t o  a  s e a m  ( T a b l e

3)  there  are  in  Aus t ra l ia  no  records  o f  such

' f h o  o a n o n : l  l r r  { l : t  n a n ^ c i  t -  ' - ' : -.  r ! t L  J r

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

i n t e r s e c t i o n s  u n d e r  A u s t r a f i a n  c o n d i t i o n s .  
- l ' r e

o n l y  A u s t r a l j a n  i n s t a n t a n e o u s  o u t b u r s L

o c c u r r e n c e s  h a v e  b e e n  i n  h e a d i n g  d e v e L o p m e n  .

t \ o  < p n n n d  a n q +  n r ^ n 6  c i r c u m s t a n c e ,  T h p  n e x t

i  n . , , m c f  r n ^ 6  ) . 1 r , - - ^  i - ^  I  -/ d n c f n g  r o l r g w d l I r  n a  T : o -

L e e n  n r a c t i c p d  i r  A r , s r n a l  i a  d r r e  l o  . h a  p e l o ' d l

t h i c k n e s s  o f  t h e  s e a m s  a n d  t o  t h e  u n a v a i t a b i i i t y

i n  t h i c k  s e a m  m i n i n o  o f  m a r p n i : l  f n r  n - , - l r u r : l  I

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

< ) r r r n r r  n r r m n i n o  f n n  n r n i ,  n n n A " a r i a n  a €  n - - L -

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

a d v a n c i n g  a  p o s s i b i l i t y  ( H a r g r a v e s ,  1 9 7 7 )  a s  a

m e a n s  o f  r o d r : c i n s  t h e  a - ^ ,  - *  n c  h i ^ \ a n  n . ^ - r - 6  j  I

h e a d i n g  w o r k .

I n s t a n t a n e o u s  o u t b u r s r s  a r e  v i r t  t a l l v

a b s e n l  i n  p i l l a r  e x t r a c r i o n  ( l a b l e  J ) .  P a n - L

n r . t l : n <  > F A  L i h r r r . t t U  r . , : n r a ,  ^ r  - 1 .  , , : - L : n  - :- - _ - - ,  . r f i l q e q  o f  g d S  w l T n r l r  5 ; x

m o n t h s  o f  f o r m a t i o n  ( H a r g r a v e s ,  1 9 7 3 ) .  G a s

n n n r r n n i n o  u i t h  h r r m n c  d r r n i n o  n i  l  l : r  a v r  r ' : r  t i n n

f r r l - - n  l q q u l  , l a . i v a <  f . ^ h  F o l  i a v p r l  a r l i n  n i n*  '  " - . . - . . t

s e a n s  ( H a r g r a v e s ,  1 9 7 3 ) .

T h a  n r n n e n o c c  n f  n l : n o c  i <  m : n l t o d l r r

i n n n a : c a . l  h ' ,  i n + a - < o ^ r ' i ^ n  ^ F  d a ^ l ^ . r ' ^ :  l

< t F r r . r r l n a  n : n i i c r r ' l r r l - j  r d u r L S  d l l u ,  r o r  - t . s L d t ,  6 ,

+ h p  n n l "  a y a m r ' l e <  n F  n r t t b u r s t  i n d u c e m e n t  a -  r h e

u o l  I  r n s v l - L t e  5 t a t e  (  o r r l e r y  I  l a D t e  /  J  w c r e  o n

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

i n d r n a m o n i  r i  M o t n ^ n . 1  i  r r n  r ' n l  I  i o n w  : d m i t t p r J l  '

: f  o r p F f a r  . l a n r h  n o < r r l  r o d  i n  F n a . , ' a n J  i n . l , r . a , ,  .  +o L  E r s q L s !  
q c P r , , '  r

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

( H : r a r : . , a c  a r  : t  t a A U \  - L ^  - - - ^ : - - r  ^ . , r - ,  r  -\ . ' q ! 5 - o v c r  L L  o f  .  r  r J v - l .  a a r r d r  < ^ d L ' r u r ! - 5

i n  T a b l e  2  o f  N o r t h  B u f f i - a n d  o f  C o a l c l i f f  w e r e
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o n  d y k e  i n t e r s e c t i o n s ,  a l s o  e f f e c t i v e  i n

i n r : n e . l s i n g  p r o n e n e s s .  T h e  r e l a t i o n s h i p

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

i o n i l r a . L l  a d v a n c i n g  w o r k  ( T a b l e  3 )  i s  a n  e x t e n _

i iec rease o f  w id th  o f  head. ing  p laces .  Th is  nay
be re la ted  a lso  to  the  inc rease in  p roneness

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

i ( )  t n c r e a s e  a s  t h e  p l a c e  a d v a n c e s  a n d  t h e

f r e . r t . e r .  t h e  r a t e  o f  a d v a n c e  t h e  g r e a t e r  t h e

r l ' - l  t , a s - -  i n  g a s s i n e s s  o f  f a c e  c o a l .  F u r t h e r

I t  f l a s  b e e n  s h o w n  t h a t  t h e  o c c u r r e n c e  o f  o u t _

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

days  o i  the  work ing  week whereas  there  has

i , t : t rn  a  decrease on  a  Monday fo l low ing  two days

o t  n o n - p r o d u c t i o n  ( f t a r g r a v e s ,  e t  a l .  ,  1 9 6 4 ) .

A  coro l la r i -  to  th is  i s  tha t  ra te  o f  advance

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

r , i : ; r : r l  i n  o v c r s e a s  o u t b u r s t i n g  m i n e s  b y  l i m i t _

i n ; '  d r - i 1 y  r . a t e  o f  f a c e  a d v a n c e  ( H a r g r a v e s ,

1 : l i : 5 b ) .  i ) v e r a 1 . l  g e o m e t r y  h a s  a n  e f f e c t  o n

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

: J l o i l i n g  w o r k i n g s ,  w h e t h e r  i n  t h e  w o n k i n g

: r e . t m  o r -  a n  a d j o i n i n g  s e a n ,  c r e a t e s  a n  i n c r e a s e

r i r  i ) r r ) r . n e s s .  L l x t e n s i o n  o f  g a t e r o a d s  a h e a d

o i  an  ar lv . :nc ing  longwal l  face  t raverses  the

I ' r o r i t  d b u t m e n t  o f  t h e  l o n g w a l l .  H e n c e  t h e

e x t e n s i o n  : : h o u l d  b e  v e r y  s h o r t ,  o r  s h o u f d

' , r : i fe i t ( : l  t reyond the  h igh ly  s t ressed f ron t  abut_

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

r r ' , : : s  i n  g a t e r o a d  a d v a n c e ,

' l ' l r r .  
p rac  t . i ce  o f  L \ r io r  p ro tec t ive  seam

r / ) r t : n g  -  e s p e c i a l l y  i f  i t  c a n  b e  d o n e  i n  a

b e n i . g n  s e a m ,  g i v e s  s e c u r i t y  f r o m  o u t b u r s t s
j n  t h e  w o r k i n g  s e a n  a s  d i s c u s s e d  a b o v e .
' v io rk ing  

an  under ly ing  pro tec t ive  seam f i rs t

shoLr lc i  on ly  be  cons idered when the  prob lems o f

o ' r 1 b u r . : r t r n g  a r e  j u d g e d  t o  o u t w e i g h  t h e p r o b l e m s

of  work ing  in  a  sean prev ious ly  und.er .mined.

A. J. HARGRAVES

Al though rockburs ts ,  o r  bumps are  a lso  d
s t ress  phenomenon,  the  gas  component  o f
ins tan taneous ou tburs ts  en t i re fy  changes the i r
c h a r a c t e r ,  e s p e c i a f l y  p r o n e n e s s  ( F i g .  3 ) ,  s o
tha t  rockburs ts  and ins tan taneous ou tburs ts

a r e  q u i t e  s e p a r a t e  p h e n o m e n a  ( R i c e ,  1 9 1 g )
(  C o e u i l l e t ,  1 9 5 4  )  .

A n o t h e r  e r r o n e o u s  a s s o c i a t i o n  w i t h  i n s r _

antaneous ou tburs ts  i s  the  occur rence o f  our_
b u r s t s  o r  b l o w e r s  o f  g a s  S u c h  a s  r n  t h e  i n t e r _

sec t ion  in  deve lopment  o f  f i ssu fes  prov id ing

ready  permeat ion  pa ths ,  and in  the  s t ra ta

f i ssures  den iv ing  f rom i rnegu lar  f rac tu r ing  o f
f loor  in  longwa] l  o r  p i t - la r  ex t rac t ion  (Arsco t r

a n d  H a c k e t t ,  1 9 6 9  )  .

THE AUSTMLIAN SITUATION

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

appears  to  be  o f  n i ld  ou tbuns t ing  proneness

under  cond i t ions  o f  more  than average CO^.  The
s tan la rd  Aus t ra .L ian  method is  lo "a  u ra  p i f fo "

bu t  w i th  the  recent  genera f ly  p romis ing

innovat ion  o f  mechan ised longwal - l  re t r .ea t ing ,

i t  m e a n s  t h a t  i n  t h e  f u t u r e  a t  f e a s t  a  s i g n i f -

i can t  p ropor t ion  o f  Aus t ra l ian  coa l  w i l l  be

mined by  the  longwal l  method.  The re fa t i ve

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

genera l l y  un i fo rm th ickness ,  and genera l l y

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

to  rap id  deve- lopment  in to  v i rg in  a reas  and

rap id  min ing  ou t  o f  fa rge  b locks  on ly  impedec

by  roo f  p rob lems and by  gas  encountered  in

d e v e l o p m e n t  a n d  i n  e x t r a c t i o n .  H o w e v e t ,  t h e

exper ience o f  sporad ic  ou tburs t ing  bo th  on

s t ruc tures  and w i thout  s t ruc tu res  prov ides  ar r

uncer ta in ty .  Th is  uncer ta in ty  c rea tes  the

s i tua t ion  o f  the  necess i ty  to  under take

pred ic t ion ,  p recaut ions ,  p revent ive  measures

and/or  cont ro fs  fo t :  a  most  incons is ten t  p rob lem.

As a  resu f t  there  is  a l -ways  the  fee l ing  tha t

The Aus.  l .M.M. southern eueensland Branch,  The occurrenco,  predict ion and contror  of
Outbursts in Coal  Mines Symposium September,  lggo
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, , r ' , . ( . l L l t  i o n s  . t r c  b e i n g  o v e r d o n e  '  F o r  t h e

i n r m | c l i . i t c  f ' J t u r e  a l l  t h a t  c a n  b e  s e e n  i n  d e e p

r r i r i r r ' 1  i n  * ; i r e  S y d n e V  a n d  B o w e n  B a s i n s  i s  a n

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

I '  . r i r  c o  r n : t a n r a n e o u s  o u t b u r s t  w i t h  i n c r e a s i n g

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

. : , rn l , r .on isc  he t ! {een ra te  o f  advance and ou t -

:  l t r , : r i  l r r o n . I r e s s .  A s  f o |  s e a m s  o t h e r  t h a n  t h e

j r r iL l  i  ,  the  l louen and the  Cemin i  known to  be

. , L r t l r r r r : r t  i n p ,  i n  t h - '  d e e p e r  m i n e d  a r e a s  t h e

. r i i j o i r L i n g  s e a m s ,  s o m e  y e t  t o  b e  m i n e d  a n d s e a m s

in  o thcr  a reas  have coa l  compos i t ions  and seam

! l ; r s  c o n t e n t s  s e e n  t o  b e  c l o s e  t o  t h o s e  o f  t h e

wc. r ' k : i  ne"  ;eams.  A f  ready  f ron  the  exPfora t ion

l , ( ) i . . h o 1 o : : i  i n s t a n c e d  a b o v e  p r o n e n e s s  o f  s o m e

: r ( , a r r i : r  o t h e r  t h a n  v r o r k i n g  s e a m s  i s  s u g g e s t e d ,

l l r i ' r e  a p p e a r s  t o  b e  n o  o t h e r  f u t u r e  i n  t h e

A r i , ; t r a l i a n  s i t u a t i o n  t h a n  f i n d i n g  c o n t i n u i n g

anc l  i r : c reas ing  -Droneness  to  ou tburs t ing  w i th

r l e e p e r  m i n i n g  1 n  t h e  p r e s e n t  w o r k i n g  s e a m s  a n d

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

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

t u , r t e i l  i n  T . : b L e  2  t h e r e  a r e  e x a m p l e s  o f  l o w e r

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

: r , , ,n i l , tomat  i c  o f  ou tburs ts  (  Hargraves ,  1980 )  and

: ro  even in  Present ly  work ing  seams presumed

n o n - p f o n e  t h e r e  i s  t h e  p o s s i b i l i t y  o f  d e v e l o p -

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

o L i t b u r s t s .

PREVENTI  ON

I l1NIN( ]  ] . {ETHOD AND GEOTIETRY

Ins tan taneous ou tburs ts  can be  reduced by

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

n e S s .

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

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

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

i lu t  i r rconF le te  ex t rac t ion ,  by  c rea t ing  abutment

load ings  in  the  work ing  seam crea ted  by  unmined

p i  l . la rs  and by  face  ends  in  the  "p ro tec t ive"

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

w o r k i n g  s e a m ,  A n  i n s t a n t a n e o u s  o u t l . u r s i  : r i ' - l

CO,  on  a  longwal1  face  a t  Nova Ruda Uo l l  i r : r  .

P o l a n d  i n  1 9 7 8  i s  t h o u g h t  t o  b e  d r l e  t o  t j h r : l

c a u s e .

T h e  n u m b e r  o f  c r o s s  m e a s u f e  i n t e r s e ' . t 1 l o l

o f  s e a m s ,  t ] r e  m o s t  p f o n e  s i t u a t i o n  ( T a b l e  . i l

smal l  a r rd  cannot  be  min imised.

The avo idance o f  narow work  i . s  d . : l r t ' r i i i { :  r l1

somewhat  on  min ing  method.  To  emplo ' , r  l cng i ia i l

r e t r e a t i n g  i n  p r e f e r e n c e  t o  b o r d  a n d  p i I I a r  f r , r

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

work ,  To  reduce w id th  o f  roadwavs to  i rn l ' r ' o l r r

roo f  cond i t ions  maf  invo lve  more  roadwa ' /s - r  fo1

' f a a t i l ? - i o r  - o - r i n e n p n l s  a n d  n o t  o n l y  i ' . c r  , .

p roneness ,  bu t  a l -so  the  number  o f  roadt r 'a " is  in

w h i c h  t h e  i n c r e a s e d  P r o n e n e s s  a P p I i e s .  T o  m : i n "

the  fu f l  th ickness  o f  the  seam is  to  reduce

proneness  ra ther  than to  mine  por t ion  o f  the :

seam,  whether  by  leav ing  coa l  a t  the  roo f  i c r

i m p r o v e  a  r o o f  p r o b l e m ,  o r  b e c a u s e  s e a m  t h i c r

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

B e c a u s e  o I  g r a v i t y ,  e f F e c t s  I e a v i n g  c J a :  d '

roo f  appears  nore  ser ious  than leav ing  coa]  a t

f l o o r  ( D a v a l ,  I 9 3 6 ) ,

Longwal l  advanc ing '  espec ia l l y  t rhere  1 ; t le

roads  are  no t  ex tended ahead o f  the  longwal l

face ,  i s  the  method min imis ing  nar row work  anr j

i s  t h e r e f o r e  p a r t i a l l y  P r e v e n t i v e .  T h e  l a c k  o f

p a c k - b u i l d i n g  m a t e r i a l  i n  t h e  m i n i n g  o f  t h e

th ick  Aus t ra l ian  seams has  d ispe l led  a I l  t l - , cuE-h t

o f  longua l l  advanc ing  in  the  pas t ,  bu t  recent

deve lopments  in  mono l i th ic  concre te  pack inE now

w a r r a n t  f u r t h e r  c o n s i d e r a t i o n  ( H a r g r a v e s ,  1 9 7 7 )

SEAM DE-STRESSING

To prevent  a  s t ress  phenomenon in  the

c o u r s e  o f  m i n i n g  j  t  j s  n e c e s s a n v  t o  d a <  t n /  s '

the  zone to  be  mined su f f i c ien t ly  to  reduce t fL ' '

s t r e s s  b e l o w  t h e  b u r s t  p o i n t '  A t  t h i s  s t a g e  o l '

k n o w l e d g e ,  t h i s  p o i n t  i s  u n c e r t a i n ,  a s  i s  t h . l
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, r : t . ! , : i . r  i n  t h e  c o a l  d h e a d  o f  t h e  f a c e  o n  a  d a y

r L r  d - a r ,  b a : ;  j  s ,  T h u s  d e s t r e s s i n g  t e c h n i q u e s  a r e

. r | l  i t | a n r .  i  l : l r t r c u t t i n g  i s  k n o w n  t o  h a v e  i n -

l i i c f  d  o u  i b u r . i : :  ( i l 3 p g p 6 . 7 e s ,  f  9 5 B  )  a n d  a  r o r v  o f

L . r l J , ,  . : i d n c t i - - t  n o l e s  f o r  p r e v e n t i o n ,  i f  t h e

i  ! ) i , : i f  r / e f e  s u f  f i c i e n t  i n  n u m b e r ,  w o u l d  a p p r o a c h

l  i r . r  i z o n t a l  c ! t  c o n d i t i o n .  A  p a t t e r n  o f

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

. r l . l l i t  ! i t r t n e t . r f  h o l e s ,  h o w e . z e r ,  a r e  t h e m s e l v e s

, . . r : '1 r  t !  i t rea  f  ! . -  : : i  t r . , : ss  anomal ies  un t i l  in

l t  I  i  I  !  i i , l t  ! u : r l  i ' r  t o  r e l a x  t h e  f a c e  c o a f

l - . r i r : : r f . t l I \ , r .  ' , i te re  
n ta r , '  be  some ana logy  be tween

r .  I  f -c .c  I  j  V i . .  Ia r5 le  d iame te r  ho le  pa t te rns  and a

. .  i r : 1 , 1 i n g  r i i l a r  t e c h n i q u e ,  T n  s o m e  i n s t a n c e s

( ) \ ' .nsca :1  ,  o iL1 . i  L t f . i  t s  l tdve  been induced in  ho les

, l L r l i i r q  d r j  l 1 i n , '  ( ' d i l l e t t  a n d  T h o m a s ,  l 9 6 S ) ,

: r o r n e t i r n e s  s o : ; e l i o u s  a s  t o  c l e c i d e  t o  r e d u c e

l io le  c i iame Ic r ' .

l l i r ' , l r  I  l , t : : t . t , i re  l ra te I  in f  us io l t  th rough bore-

i rc r  l  c : :  ; r ; r  r - r : ro r . i  on  lonqwal l  faces  in  U.  S  .  S .  R.

l r r . i  t i i r e  t - i . : r t  . f  f e c i  o f  i m p o s i n g  h i g h e r  s t r e s s

Lrn  ther  co : r l  ,  .1n ,1  l . ' hen  in fus ion  has  f  in  i she< l

r l r t ,  r : r a L ,  i  f  c r . a c k e i i ,  w i l l  h a v e  h i g h e r ,  m a c r o *

; , , . r  r i r e . r l  i ' r  i  t  ,  , r n L l  L / i l - l  t e l d  t o  d e g a s s  n o r e

r , , : a r l  j  1 ' . , .  r -  n  t : h a 1 :  c o a f  s h r i n k s  w i t h  d e g a s s i n g ,

: r l c h  , r n  ' .  [ ' 1 ' c c t  c f  h  i g h  p r e s : : u r e  i n f r r s i o n  r t i l ]

i r v o l v t : r t r a s r s  r e l a x a t i o l t .  B u t  i n  s o m e  c a s e s

, , i . r t . r .  i n 1 - L t s i o r ,  I t a - :  i r i t i a t e d  i n s t a n t a n e o u s

i L i l l r u I r t '  ( i { : r r . g r a v e : ,  1 9 6 5 b ) .

l r f  : , i ' 1  r l : l r l l  i rF i l l - i l l iA I \ lAa lL

' r 'o  pa4t ' " , r ' , ,  a  qas  phenomenon in  the  course

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

1 < r  ; r c  m i n e d  : ; u f  . : i c i e n t l y  t o  r e d u c e  t h e  E l a s

c o j r t c r ) t  b r : L o l r  t l r t :  c o n t e n t  f o r  p r o n e n e s s .  O u t -

i i l l r ' : r L : i n q  c o a f s  a l . e  a l m o s t  i n v a r i a b ] y  h i g h  r a n k

l i r i c i r  i n v o l v e s  h i g h  s c ' r p t i v e  c a p a c i t y

( i i , r r . s r ' ; r v e s ,  1 1 6 6 )  a n d  l o w  p e r m e a b i l i t y ,  m a k i n g

r l c r ' a : r : r  i n ! l  o f  v i r g i n  c o a - I  m o r e  d i f f i c u l t .  T h e

r l r : q r , c i r  c r i :  g a s s  i n r : s s  e q u i v a l e n t  t o  t h e  b e g i n n i n g

o  F  r r r o n r . n e  r . r  j  s  n o t  k n o w n .  T h e  o n s e t  o f  o u t -

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

A.  J .  HARGRAVES l l

a lmost  nowhere  is  1ess  than 200 m anc l  the

re la t ionsh ip  o f  gass iness  - to  depth  na .y  be  I

i r e l p f u l  a p p n o a c h .  ( V , r g i n  g a :  I  r  i j  , j . ,  . "  :

the  order  o f  hydros ta t i c  heaL j  f lon  i i  r ;  3111 j - . rq  r , -  )

In  the  absence o f  t l i r ' , s  knowledgg ar  cn l  i r i , rd l

J : n d e x  t o  f a c e  g a s s i n e s s  i s  h e . l p f u l  i n  a . : r q : : : n , . i : r

o f  1oca. l  p roneness  in  Cay to  dav  i l c rk

( l - l a r g r a v e s  e t  a 1 , .  1 9 6 4 ) .  T e : r t : i n g  j n  , r a : i r u r ,

c o a l  b a s i n s  i n d i c a t e s  i t s  g r e a t e r  r r s : , f u _ L n c - : . .

u n d e r  C 0 ,  t h a n  C H 4  c o n d i t i o n s .  : . ! c h  . r  I , r c n i .

n e s s  i n d e x  j d e n t i f i e s  t h e  n e e d  f o r .  r l e ; : . a s : : i l t ;

fo r  p revent ion .

A s  s t a t e d  a b o v e ,  h i g h  p r e s s u r e  i n f u r j o n

wi l l  tend  to  inc rease permeab i l  i t l z  and

d e g a s s i n g .  a n d  h e n c e  c a n  b e  r e g a r L i e d ,  w i t ) r  : : I r . . r ,

a s  p r e v e n t i v e .

CCN] 'RCL

T I M E

O f  t h e  t w o  m e t h o d s  o f  c o n l r o l ,  t h e  c o n i . r , o l

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

ne thod : i s  by  inducer  shot f  i r ing ,  d . .v ised  l_ , , , ,

M a r s a u l t  i n  F r a n c e  i n  1 8 9 2  ( L a n g e ,  f B 9 2 ) .  i t

invo lves  a  s imu l . taneous round o f  sho ts  to

advance the  en t i re  head ing  face  or  a t  l cas : r t  a

Ia rge  sec t ion  o f  the  longwa. l f  face  b , , ,  over

bor ing ,  over -charg ing ,  anC f i r ing  f r .om a  sa i - t ,

o r  r e m o t e  d i s t a n c e .  T n  g e n e r d l  t h e  e x p e r J e r c r :

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

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

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

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

cont ro . l s  used to  ident i f y  ou tburs t  conr l i t ion :

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

v ib : ra t ion  mon i to r ing  e tc .  (  I . la rg raves ,  1965f ,  )  .

I t  i s  t h e  f i r s t  r e s o r t  t r e a t m e n t  u s e d  w h e n  o r r t -

burs ts  occur  fo r  the  f i rs t  t i rne  and i f

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

i s  o l t e n  t h e  I a s t  r e s o r t  a l s o .  . a r  L a : r r L \  r r . 6

number  o f  inducements  i s  s ign i f i can t l -y  g rea ter .

than the  number  o f  ou tburs ts  wh ich  woufd  occu l

s p o n t a n e o u s l y .  ( I n d u c e r  s h o t f i r i n g ,  j n c r e a s e : .
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l 2

.  r  ! ) r L i , n L r : r i i  , t  t  l , l a : l t  i l V  : l o m e  f r a c t i o n  o f  a

,  .  r  ' . ;  . :  e  l v - r t . 2 ^  i s  p r - l - r r e d  t o

' . : . :  .  : L  "  : L .  r j  i n  c o u J s ' - f  m i n i n g

.  r .  ,  :  - :  i  ^  L u a n  i n g  r o  t h e  f a c e

. 1  r ' , r '  , i r ' ,  1 ' ,  o r '  , . , r t : l e r  s h o t f i r i n g ,

. , ,  ' ,  '  ]  . . : ,
r l l r , . r , , '  l r r , l u c : r : r i ) o t f i r i n g  i s  u s e d  a s  a

- ( , i r i r \ r I I i n i  n c . r : : L r e  t h e  d a m a g e  f r o m  t h e

. . ' i r j L , ' n c ' )  ( ) i  t i r . , l n s u i n g  o u t b u r s t  m a y  b e

:  l  . , : , ' . i  I ' , '  t h c  r s r :  r f  a  b a r r - i c a d e .  T h i s

L : , ; , 1 i ' r , r  o n l , , '  t c  c | o s s  n e a s u r e  l v o r k  a n d  t o

.  .  : . .  i .  a l  r n .  : r 1  t  r  '  l  m o " t l v  i n  I n a n c -

(  l l r r . , ' r ' . r . r i . : ;  ,  I  J n : r  )  .  T h e  n c r m a l  m e c h a n i s m  o f

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

1 1 . . 1 1 , t . 1 1  u p  i n  f r o n i  o f  t h e  f a c e  t o  p r o v i d e  o n l \ r

.  : .  i  | i .  1 1  c i .  r n : . - L  f o r  5 p f s o q p e n f  b u n s l -

j r i r ,  i : o a I : i n r )  1 1 a s  a n d  p r e s u m a b l y  t h e  b a c k

; r l i  r : i r L i r c  c l c . e t e d  l r v  t h e  r e s i s t a n c e  i n  t h i s

i  i r - r r u r r  l  ; r  - i c l s  f  o  t i r e  c o n s t r a  i n t  o n  t h e  b u r s t i n g

i . L . : , r  : ; u I i i r i c n i : L r ; '  t o  a r r e s t  t h e  b u r s t .  f h e

I  a r " r ' i . c a d , - ' ,  p r o V i d  i n g  a  s t r o n g  o b s t r u c t i o n  o v e r

i h c  n r a j o r  c r o s : i  s e c t i o n  o f  t h e  r o a d w a y

' r  ' v i i . . :  n .  i . .  t , r . c o  t l r r o r g h  i t  t o  p a s s a g e  o F

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

.  . - '  . r  ' .  .  :  .  c l r o r o d  o f f  h e f o r e  c h o l  i n g  o f f

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

:  :  . L r n J i  j ;  ' ' l  l x d t  i o n  h o i c  b o r i n g  i  f  n o t

t r ( l , r . lu . i  ie  fo r  p revent  ion  cou ld  have some

r .  l  r  i n ,  - f f ' c t  o n  a n v  o u t b u r . t  o c c u r r i n g '

P i t i I I . T ] O N  O F  E V E N T S

i l l l i 1 l i i . r \1 ,

l l a v i r g  e s t a b l i s h e d  s e a m  p r o n e n e s s '

. r  r  l . ' r  r ' v  l . o g n o  r i c  A P  o a  o t h e n  l a b o r o r o r y

' .  r h o i r  o r  n l  v i r t u e  o f  h a v i n g  h a d  a  s m a l l e n

v - ! 1 . o m a l  i c  o r  a  f r l l  s c a l e  o u t b u r s t  e v e n L ,

r l . .  l a y  t o  d a y  p r o n e n e s s  w i I I  d e p e n d  o n  s t r e s s

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

, - ^ l ^ - i  . : l  < i r f . r i r n r l  d - - - : -
d '  J I J P  -  r  d l u  '  P c l  r r d P b '

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

. r  . : u c h  p e o n e n c s s  s o m e  n o n i t o r i n g  o f  o n e  o r

more  o f  these cont r ibu tor .y  fac to rs  f l rus t  Lc

u n d e r t a k e n .  p a r t  i  c u l d r l y  g a s  a n d  . :  I  r u e  ; .

S o m e t i m e s  t h e  w h o l e  s e a m  c o u l d  I . e  r c g a r d -  I  o

a  w e a k e n e d  g e o l o g i c a J -  s L r u c t u r e ,  I n  t u c " d

^  r - \ r , r s - q  ^ r c F ^ l v  r ^ n r . i r e d  o n l \  t h .  1  i r S t  t ! .

+ r ^ . ^ n -  o u l b u r s r S  h a v c  o c (  L r r  I

w i t h  j u s r  L h e s e  L w o .  f o r  d a y  o  d a /  p r . ; r -  .

q f r c < q  n A - A n a : e r  o r  b o t h  i  ,  r , , . n t , d .

FROM STRESS

The s ta te  o f  s t ress  measurem,on i  ' l n i i

-  t . , t  . r '  . r - l v  q - ^ .  . c  - a r .  
u r ' .  f . . n '  L  o , l  I

r h e  l a c k  o '  ! n o w l e J g e  o r  s 1  - - ' .  f , c  -  r '

v a l u e s  g i v i n g  r i s e  t o  p r o n e n e s s  a r r :  a L - ) .  i n -

- r  f  F i c i o r '  r - ^ ' r  i l h ' c L  t o  b a . e  . l  t , r . : l ' o l  I

, ) - a l i . t : o l  n c  q r e n i  f  
: c  

O U t b u r j L  c \ . , . 1 1  1 .  . : .  . r

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

r o l  i a r  n f  ^ n l \ ,  ^ n o  f n r  n n a r r o n r i n r '  h r r r

s t a g e  i r  i s  n o r  p o . s i b l e  r o  p r - d i  - t  o n  ' ) .

b a s i s  o f  s t r e s s .

FROM GAS

T h e r e  h a v e  b e e n  a  n u n b e r  o f  d l  f c m l  L '  I

u s e  g a s s i n e s s  a s  a  p r e d i c t i v e  m e a s u r e .  T h i : r

h a s  b e e n  m e n t i o n e d  a b o v e .  T h e  e a r l i e s t

- !  - - ^ ^ i * - ^ -  l s s e s s m e n t  d c r i v ' I  f t  o r no L L c r i r P L >  a L  g o > o l , , s J -  <

i 1 - + : f n  a s  a  r e s u l t  o ft s d - r  r [ e 5 b

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

r n n a  h a a n  - - ^ ^ - n i c a l  1 H : n o n : r r a <  l q c A )  r l : r  r

fo re runner  to  a  loca l  ou tburs t  s i tua t ion  mal '

b e  a n  i n c r e a s e  o r  a  d e c r e a s e  o f  g a s s i n e s s .  . i i

t \ i c  c r : o o  : * 1 . , c  p r e d i c t i o n  m - t t , o  lL " ' r  5 L d t s q  o " _ v  y u J r L f v

r ' a n . r n s  n r  e u e \  E l r l . f l a t i o n .  T l t e  f a c t  T h d t

r h p n c  i s  a -  A o . a p a a r t  a b o u L  i n c r e a s e  o r

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

method.  The gass iness  o f  the  coa l  can  be

d e t e r m i n e d  b y  a t  L e m p L i n g  m e a s u n e m a n r s  i n  I

s t a n d a r d  b o r e h o l e  i n t o  t h e  a d v a n c i n g  f a c e '

Th is  i s  more  su i tab le  fo : :  inc rementa l  advance

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

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

ho. l -e  a t  the  face  and the  need to  suppor t  r igh t

r t  f h a  f : . a  f ^  n n n t a . t  n p r c n n n e l  -  T n  t h p  m i d

A,  J ,  HARGRAVES
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1  r 5 C ' , r  a t  i l o . L l i n s v i l l e  a  w h i s t l e  w a s  a t t a c h e d

I  o  , t  : rc3 f  on  a  . , t tandard  borehofe  and the  no te

c , i  t h e  w h i s t l e  g a v e  a n  i n d i c a t i o n  o f  t h e

, i : . o  r r r :  o l  o r -  i s s u i n g .  t x p e n i m e n t s  w i t h  g a s

I j r ' . r i j su res  in  s tandard  ho .Les  (  Hargraves  e t  a1 .  ,

L r l l i l )  r e n e  t e s t e d  b u t  w e r e  n o t  p a r t i c u l a r . L y

p r l o m : i s i n g  a n d  s u b s e q u e n t l y  a  m e t h o d  o f  d e t e r -

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

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

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

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

L n c i d e n c e  o f  o u t b u r s t s  d u r i n g  i n d u c e r  s h o t -

' i r  i n g  a n d  r h i s  i n  r u r n  w a s  u s e d  a s  r h e  b a s i s

w i  n  r  o [ c c v  f a c t o r  f o r  s a - [ e  m i n i n g  d u r i n g

c o n t j n u o u s  m i n i n g .  T h e  A P  i n d e x  u s e d  w i d e l y

o v o r : l e a s  i n  d e t e r m i n i n g  t h e  p r o n e n e s s  o f  s e a m s

' o ' 1 . .  r '  '  5 a n  w o : r  j  n g  p l a c e s  h a s  b e e n  m o d j  f  i  e d

i r . r -  a r r  '  x p n e i s  n e t h o o  t o r  d e r e r m i n i n g  p r o n e -

ne: :s  i l i  the  work ing  p lace  and is  used under

r ; o n e  c j r c u n s t a n c e s  ( P a u 1 ,  ] 9 7 7 ) ,

' l ' he  c l i f  fe r ing  permeat ion  ra tes  o f  the

c o n p o n e n t  g a s e s  o f  m i x e d  s e a m  g a s  -  m a i n l y  C H 4

d n l  ( 1 0 ^  b u t  w i t h  o t h e r  m i n o r ,  c o n s t i t u e n t s  s u c h

a : r  l l . l l - ,  H e ,  e t c .  -  i s  a  p o s s i b f e  b a s i s  f o r

p r ' . d . ^ t  i o n .  . u n r e n t - I y  i n  U . S . S . P .  a n d  e l s e -

w 5 ( ' r e  l h c  a n o u n I  o f  H c  i s s u i r g  i s  r a k e n  a s

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

r  e a  I  i  e n  p e r m e a  t  i o n  o  L  H e  t h r o u g h  c o a l

' r - . ' r m r l , l v  n e s r r l  r s  l n  a  h i o h e n  f h : n  n ^ r m r l  H a

c o n t e n t  i n  t h e  v e n t i l a t i o n  a i r  w h e n  t h e

nature  oF the  coa l  changes a l low ing  f reer

c  o : c  . ' : f \ .  H o : n  l h o  F n n a T h ^ n t  / C - r l l

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

i n  t h e  B u l l i  S e a m .  )

I ' I ] I IM f  A I  LURES

I n  t h e  d a y s  o f  h a n d  w o r k i n g  w h e n

o 1  - r , t i n g  m a c 5 i n e r y  d i d  n o t  o b s c u r e  n o i s e s

i s : r r i n u  t n n m  r h a  n a : 1  r h ^  + i - - +  - i - - ^  F ^  - L ^I  r !  -  c  - f t s l r s  L U  L l l c

hand miner  o f  an  imminent  ou tburs t  were  o f

knocks  w i th in  the  coa- I  o f  the  face ,  The

A . J HARGRAVES

knocks  occuned w i th  inc reas ing  f requenc. :

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

t h e  c u l m i n a t i o n  o f  t h e  o u t b u r s t ,  I n t e r p r e - t a i : j o r l

o f  t h e  b e g i n n i n g s  o f  s u c h  n o i s e  s e q u e n c e s

af lowed many miners  to  be  saved.  l ,hese

i n d i v i d u a l  k n o c k s  a r e  i n d i v i d u a l  f a i l u r e s  i n

the  coa l  (and perhaps  the  roo f  and f loor )  as

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

i n  t h e  o u t b u r s t .  M o d e r n  m e t h o d s  m a k i n g  u s e  : f

such snowba l l ing  fa i lu res  invo lve  the  usr :  c f

geophones or  acce ferometers  se t  in  the  coa l

w i th  a  complex  e lec t ron ic  dev ice  fo r  in te r -

p re ta t ion  and warn ing .  These methods  are  u :ee

not  on ly  fo r  ou tburs t  p red ic t ion  bu t  a ]so  l .o r .

rock  burs t  p red ic t ion  and have been used fo r .

th is  purpose in  bo th  p rob lems fo r  a t  lea : l t

t h r e e  d e c a d e s .  T h e r e  h a v e  b e e n  i n s t a n c c : :  i n

t h e  r o c k  b u r s t  p h e n o m e n o n  a t  l e a s t  w h e r e  n i n i r , . 1

has  been arues ted  de l ibera te ly  and no  rock

b u r s t  h a s  e n s u e d .  A s  t h e  o c c u r r e n c e  o f  t h e

s t ress  phenomena rock  burs ts  and ins tan tanecu: ;

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

s topp ing  o f  the  face ,  i f  in  ear fy  enough s t . tg ,es

o f  s n o w b a l l i n g  f a i l u r e s ,  m a y  b e  s u f f i c i e n t  I o r

t h e  p r o b f e m  t o  d i s a p p e a r .  R e s e a r c h e s  i n  U . S . : r . 1 i . .

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

( A n t s i f e r o v  e t  a ] .  ,  _ 1 9 6 0 ) .  T h e  o n l y  p r o v e n

usefu lness  o f  geophones in  ou tburs t  occur rence

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

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

such as  in  the  Cevennes Bas in  in  France where

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

i f  ou tburs ts  had been de tec ted  a t  the  t ime

n n  i  n f  a f  c h n t  f  i  r i  n -  h . 'p v ! r L  v r  r r , u L -  - '  - r , t s  u y  m l L r O S e l S m r C S

( H a r g r a v e s ,  f 9 6 5 b ) .  W i t h  t h e  v e r y  r a p i d

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

ments  ln  recent  years  there  is  p romise  tha t

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

p r e m o n i t o r y  n o i s e s  o f  i m m i n e n t  o u t b u n s t s  c d n

be ident i f ied  in  su f f i c ien t  t ime to  a l low

employees  to  re t rea t  and maybe to  a l low the

immedia t -e  p roneness  to  d ie  away and to  a l loh

foca f  p revent ive  measures  to  be  under taken.

1 .1

The Aus.  LM.M. southsrn oueensland Branch,  The occurrence,  predict ion and contro l  of
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i  l . ' i ' l  : : j  t l i l i i i l  l L ' tu i

t l l r c ! ) h e r d  a t t d  C r e a s e y  ( 1 9 7 9 )  a d v o c a t e  a

r . , o i  l o i r r l  r l e n s i t v  l , ' a s i s  f o r  f o r e c a s t i n g

r , ' c  i r i c  ( l i : i l u f b a n c e  i n  t h e  f o r m  o f  s t r i k e

r l  : : ,  :  r u I t s ,  t l r a  c o n m o n  s t r u c t u r a l  l o c a t i o n  o f

r  L  i  ,  r r  r f  a l i t a i l e o u s  o u t b u r s t s  a t  l " l e s t c l i f f

. ' l  i  i , . r " ,  .  I l r i :  r e c o n e s  t h e  b a s i s  o f  a s s e s s i n g

' : , r , r . , r I  L ' l ! r i t f  I ) r o n c n e s s ,  t o  b e  s u b s t a n t i a t e d

.  r ;o in i :  c t  i r , : r  I l r ca i  and more  spec i  f  i c  p roneness

i . L ,  ; <  : r L r r : h  a s  n i c r o s e i s m i c s  .  H o w e v e r ,  a t

'  r , o i ' r  L i t , t i r  . ' . 1 1 :  e l ' ) '  a l i o u t  1 5  l ( n  a v i a y  a l . 1

i  t , : , r . r c  o u i l r i i f : j r  : i t f u c t u r e s  a r e  r o u g h l y  a t

i r ' l r r -  r r t g J . c r ;  t o  t l r c : r e  a t  W e s t c f i f f ,  a n d

. r ' t i ,  l n I ;  l ) r . :  r . 1 i r l  o r i t b u r s t s  o f  1 9 2 5  a n d  1 9 5 4

' r c  o n  l , r u I t : ;  o f  s i i l n i f i c a n t  v e r t i c a l m o v e m e n L

, i l : , L i r ' : i t  : r l l : r , l c t l l r e s  t c  t h e  s o u t h  i n  M e t r o p o l -

l L i r  t | r i r c l  i n o r e  t o l { a 1 ' d s  t l l e  W e s t c l i f f

I i , r n t a l :  i o n .  f t  i : i  c l e a r  t h a t  t h e  S o u t h e r n

, .  r I r  i c l d  o t  i l , S . ! i '  i s  n o t  s t r o n g l y

, ' i  l ( r i i  i  c . i I l  7  I  F :F t :c te11 by  cornpar ison  w i th  many

r  : , , r ,  ! i r r f a l t t a n € r o : l s  o u t l i u r s t i n g  r e g i o n s  a n d

; r , .  r ; , i l  1  i c c t o n i a s  t h e r e  a r e  r e l a t e d  m o r e  t o

. i .  i r l -  r i l r l l c tu r r :s  ra ther  than to  reg iona l

in  i : lu \ inc . r : ' : .  
' l ' he  t ransPos i t ion  o f  any

i r . r t . .  t . u r ' . r l  p r e d i c t i v e  b a : ; i s  f r o m  o n e  p a r t  o f

r , r  t  o . ,  L  i  ; . t l  i  to  aT lo ther  mc ly  no t  be  poss ib le

' : i r  r r  l r 1  L a c k  o f  s i n i l a r i t y .  F i g u r e  6  s h o w s

:  o I i r . n l a : j . o n  o f  o u t i r u r s t  r e l a t e d  s t r u c t u r e s

l  t  l : , :  l l r  L r  l .  i  : : lea tn .

r ) i r  f h e  t ! { o  o t h e r  A u s l r a l i a n  a f f e c t e d

1  ;  t L ( l : ;  : i L e r ' f r  i s  n o  c l e a r  s i m i l a r i t y  t o  t h e

r l i ' : r 1 c l  i  l { '  t e c t o n l c  s i t u a t i o n  a s  d e s c r i b e d  b y

. r l r , r r . , l r i : r . J  , : r r r i  i i reasey  (  1979 )  ,  A t  Co l l insv i l le

, r I  L  r ' . ' co |dec l  ou tburs ts  occur red  on  fau l ts

( l r d r ' t - f r v r i r ,  1 9 5 8 )  ( H a r d i e  a n d  t l a r g r a v e s ,  1 9 6 0 )

, . i i t l :  t : L l a r  v e f t i c a l  n l o v e m e n t ;  a t  L e i c h h a l d t

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

r ; i l h  -  t h e  r - a r g e s t ,  1 9 7 8  o u t b u r s t  w i t h  t w o

l 'a ' t . r -L i t ies  was on  a  fau l t  w i th  a  ver t i ca l

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

I r r r l . t r n l l  ,  w h e t h e r  s t r r ' ) < e  o r  d i p  s l i p  o r  b o t h

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

Frg 6. Soutl-€rn C€ll ield - drreclron ol @tburst related struclures

o u t b u r s t  b y  o n e  c a t e g o r v  ( f l a r g r a v e s ,  I l i E l ' ) .

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

in  und is tu rbed seam are  cand ida tes  fo r  nore

s i g n i f i c a n t  p h e n o m e n a  a t  s e d n  d j . s f o c a t i o n s '

G e o l o g i c a l '  a l t h o u € l h  n o t  v i s i b l y

s t ruc tu ra . l - ,  i s  the  loca1 increase in  ra t i k

( p l e s u m a b l y  d u e  t o  i n t r u s i o n  i n  a d j o i n i n :  r o i : 1

o r  f l o o r )  w h i c h  i n c r e a s e d  p r o n e n e s s  a t  l l r r I i :

C o 1 . l i e r y  -  T a b l e  2 .  S u c h  l o c a l  a n a l y s i s

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

t o  p r e d i c t .

PROCRESS IN PREDICTIO] ' i

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

fo l lowed an  ins tan taneous ou tburs t  event  .1 l l ' l

l oca l  p red ic t ion  was made wher  f re i luencr  o i

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

a  h i g h  f r e q u e n c y '  I n  e x t r e m e  i r r s t a n c e s ,

prevent ion  was ach ieved by  c los ing  the  mi r : " '

dom,  when no  o ther  sys tem was cons i  c ]e le i l

appropr ia te .  Otherw ise  prevent ion  was I "y '

I im i t ing  face  advance,  by  b r ' i sk  vent i la t ion  o l '

face  coa l  (Ca: :pov  and Antemov '  1958)  and by

cons tna in ing  the  face  un t i l -  the  coa l  se t t led

dowl .  These measures  d id  no t  compfe te ly  remo ' /c

hazards ,  Cont ro l  was  ob ta ined by  prever r t ing

an imminent  ou tburs t  by  manua l ly  cons t rd i l l i r ! ' .

N

I_I

I

I h e A u s ' | , M ' M ' s o u t h e r n o u e e n s | a n d B r a n c h , T h e o c c u r r e n c e , P r e d i c t i o n a n d c o n t r o l o |
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t h e  f a c e ,  t h e n  c o n s t r a i n i n g  i t  w i t h  s h o r i n g ,

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

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

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

r i c k ,  o r  r e d u c i n g  t h e  v e n t i f a t i o n  o f  t h e  p l a c g

c a u s . i n g  b u r s t i n g .

Modern  t rea tments  do  no t  d i f fe r  marked ly

f rom the  t ine  honoured ones ,  w i th  a  t rend

towar .ds  methods  a f low ing  fas te r  face  advance.

A C T I C I ]  F O L L O W I N G  P R i D I C T I O N

1 F  p r e d i c t i o n  i s  p o s s i b l e  t h e n  t h e

co l ) rses  open are  cont ro f  by  shot f i r ing  as  used

at  Met ropo l i tan  Co l l ie ry ,  p revent ion  by  la rge

ho le  bor . ing  as  used a t  Le ichhard t  and Co l f ins -

v i L I e  C o I I i e r i e s ,  a n d  b y  o t h e r  m e t h o d s

, r . ,  L L r . l - n f ,  e m p l o v i n g  a  m o r e  c x p e r i e n c e d  w o r k

i ) J | t y  a s  u s e d  a t  W e s t c l i f f  C o I l i e r y .

{ f  t h e  s e a m  g a s  i s  C 0 2 ,  t h e n  h a z a r d s  o f

j n d r L c e r  s h o t f i r i n g  a r e  r e d u c e d ,  I n d u c e r  s h o t -

r . e i n p  i n / o l v e j  c o n L r o l  o f  i n s t a n r a n e o u s

o, r tburs ts  by  a  method -  sho t f in ing  -  so

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

n in ing  indus t ry  tha t  human er ro r  and human

C i s c r e t i o n  a r e  m i n i m i s e d ,  w h e r e a s  m o r e  n e w l y

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

: i l l b jec t  to  human er ro r ,  d isc re t ion ,  and

l r e r s ; o n a 1 .  o p i n i o n .

RESEARCH

l { i t h  1 0 0  y e a r s  o f  t h e  p f o b f e m s  a n d  w i t h

outburs ts  s t j l l  occur r ing ,  some unfor " tunate ly

w L r h  [ a L d ]  r e s u - l t s , t h e r e  i s  c o n t i n u i n g  a n d

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

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

not  on fy  a re  there  a f fec ted  mines  bu t  there

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

f h " n o m e n d  s v n p t o m a L i c  o f  r h e  m a j o r  p h e n o m e n a .

R e s e a r c h  i s  i n  t w o  f o r m s ;

1 .  Research  a imed a t  under ,s tand ing  the
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p h e n o m e n o n  -  a n  u n d e r s r a n d i n g  w h i . h

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

prevent lon  and cont ro l .

2 .  Research  o f  a  more  er rp i r i ca l  na ture

based on  in tu i t i ve  a t tempts  and t r ia ls

o f  n e t h o d s  o f  p r e d i c t i o n ,  p r e v e n t j o n

and cont |o l .

The na ture  o f  research  genera l l y  d iv iCes

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

r e l a t i o n s h i p  o f  o n e  t o  t h e  o t h e r ,  . f h e  p h , , . : i c a I

na tures  o f  the  coa ls  a re  much less  unders tood

than the i r  chemica l  na tures .  There  have beer r

some very  exo t ic  aspec ts  o f  ins tan taneous

outburs t  research  no t  necessar i l y  re la ted

d i rec t l y  to  gas  and s t ress  aspec ts  such as  the

occur rence o f  ou tburs ts  re la t i ve  to  the  phases

o f  t h e  m o o n ,  e a r t h q u a k e s ,  e a r t h  e m a n a t i o n s ,

One n igh t  say  tha t  reproduc t ion  o f

rns tan taneous ou tbu ts ts  in  the  labora tory

( Q u e n t i n ,  1 9 5 2 )  ( F a m i n , 1 9 5 9 )  i m p l i e d  a n

unders tand ing  o f  the  mechan ism o f  the

n h e n n n p n n n  R , , i  t h a r '  ,i e e m  t o  r e p r e s e n t  d

phenornenon f rom a  cornp lex  se t  o f  a rb i t ra ry

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

af ,o ther  d iverse  exper ience in  the  h is to ry  o f

a  complex  perp lex ing  phenomenon.

ANALOGOUS PHENOMENA

I n  t h e  m i n i n g  a n d  t u n n e l f i n g  o f  o t h e n

roeks ,  ins tan taneous ou tburs ts  may occur .

Par t i cu la r ly ,  ou tburs ts  o f  sa l t  and gas

resemble  ou tbwsts  o f  coa l  and gas  (Eckar t  e t

a l , ,  1 9 6 6 )  a n d  o c c u r  i n  v a r i o u s  b e d d e d  a n d

d o m e d  s a l t  d e n o s i t s  i r r  P n l : n d  C p r n : n r r  F n : n n -u L r  l r q , ,  y

U , K . ,  U . S , A .  e t c .  w i t h  s e a m  g a s e s  a s  i n  c o a l ,

C H , , ,  C 0 ^ ,  N ^  a n d  H ^ S .  O u L b u r s t s  h a v e

occur red  w- i th  shot f i r ing ,  . inducer  shot f i r ing

and w i th  cont inuous  min ing .  The la rges t  ou t -

burs ts  in  sa l t  have been about  50 ,000 tonnes .
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C O N C L I ] S O N
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. L r c  o c c u r ' r i n g  a n d  i t  m a y  o n l y  b e  n e c e s s a r y  f o r

f l r ; . r r re  mines  to  deepen or  fo r  ra tes  o f  advance

l r , :  . r  e  o r  l o  m i n L n g  m e t l , o d s  t o  c h a n g e

: : r ) | t c ! r i l . r t  I ' e  to re  p roneness  apPears  more

. . L r : r  i  i  i  v r , 1  , , .  I n s t a n t a n e o u s  o u t b u r s t s  a r e  a

i  r ' !  l  l . i n  1 , , , i n q  c x r e r i e n c e d  a n d  w h j c h  w i l l  b e

, , t l . , ' r  i ( r l r . r l : L  r o r e  a n c  n o r e  a s  t i m e  g o e s  b y .
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. : : : r ' c . r : j . n g  g a s s i n e s s  o f  c o a f  m e a s u t e s  g e n e r a l l y

: ,  .  ' I . - o  g i v c n  i m f e r u s  t o  n o r e  g e n e r a - L  s c a n

r a :  d r a i n a g e  r e s e a r c h ,  a  r e s e a r c h  s p e c i f i c a l l y

u : ; r :  l ' r r l .  t o  o r i t b u r s t  r e s e a r c h .  W i t h i n  t h e  g e n e r a l

n j r i n p  o r , 1 c r . v  t .  . . . .  n t r d t i O n  r

p n o d r l c t j o n ,  h i g n  u r o d u c t .  v j  t v  u n i  r  :  d

r a r e s  o f  a d v a n c e ,  a r r d  r o  n e d u . ; n g  n  r n . . l

r o : d w a r r <  r - n e n o h r r  i n c n e : s ; n o ,  i l

a d v d n c a ,  a l f  t h e s e  p r e s e n l  a s l  e c t s  o t  n ' r . - i - -

s h o u l d  l e a d  t o  g r ^ a r e r  d a v  , o  d a y  I  n o n 6 n '

n f  u n r l  T h ^  n F A e a n r

n a r . e : . j n o  i c  :  - ^ . ' a  - . w a r d s  r c d u c t i o n  o :

n , r r l  e r  o f  n o a d w a  , .  a n d  r  o  c ^ n c e n t r a t  l o r  o :

m i n i n g  p r o d u c t i o n  o n  l o n g  f a . ^ s  i n  I a r  r '

r i l l F n c  -  r  n r ^ L  1 a - -  - p o n a  s i f u a r  i o n .  i . . 1

h t r t t e r .  f n o m  . n  o u t D  r | s L  l  r e v c n '  i o n  o r  [ , o  l  ]  -

i c a t j o n  p o j n l  o f  v i e r ,  w o r L J  h e  1 r a - - i

o f  ) o n g w a J l  a d v a n c i n g .  I l o w e v o r ,  ' h r  r  '

r : - - r . . , i +  j -  r h i au r > o u v d l r L o t s q r

i n  the  Aus t ra l ian  contex t  appear  to  bc  a  f , : . r ]

D a r  t o  i t s  s e r l o u s  c o n s i d t r a t i o n  J L  I  r n  , r ,  .

A n  o x a m p l e  o f  l o n g i r a - L l  a d v a n - i n g  i  ' :  '  .

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

w a t c h e d  w i t h  i n t e r e s t  a n d  e v i d e n c c  t l r c r ' c  i i r i i '

\ : .  -  r - a o n a c c : r r o  i r  f '  . e n - 6  o n  r : h e  I  u .  |  .  :  ,

v , e w  p o i n t .  f i n a l l v .  L 1 . e  g r e a r  v o  r r e  , :

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

f ^  t r , 6  - r . \ ' l  6 r  q ) - ^ , l d  h e  n O  d a t e r r e n r  t o

cont inuat ion  o f  the  work  bu t  ra ther  shou ld

c n r r n  u r n r i r o r <  ^ n  f ^  c n a : l a y ' a f f n n t .  f n  r ,  |  ) l

t o l  o f  l h i s  p ^ p r l e x i n g  p r o L J e m .

ACKNOWL!  DGE MTN TS

The Broken H i l l  Propr ie ta ry  ConDary

L i m i t e d  i s  t h a n k e d  f o r  p e r m i s s i o n  t o  i . f , r r  . r r ' ,

: r i  n n e s a n f  r \  i <  r a i  c - .  T h n  C O n m . :  -

p w n n o c < o d  : r e  n . f  n o . a q q F y  
-  

l  \ /  r h . s o  i  +  l  l , ,

C o m p a n y .  T h e  l a t e  M r . .  r \ . f l  . R . ( M a c )  l " l c C o v  f c r

l - : s  n w n  n r ' s o a r e h  a a d  1 - o n o t  i o n  o f  r c .  '  a : c l .  o I

o t h e r c ,  i n c l u d . n g  t i r a l  o I  r n e  a  r t i . o r ,  '

r . ,  - ^ 1 - ^ ^ , , 1 ^ l - ^ l
g '  d r i l  u f , r j  o u l , v w r - u 5 - ! ,

R.Ef  ERENCES

A n o n . ,  1 9 6 0 .  E n g i n e e r i n g  D i g e s t  -  : f , f ^ t v

d e v i c e  f o r  c o a l  M i n e s ,  T h e  S o u - h  A f r i . : n

M i - i n d  . n i  r h 6 n .  T ^ , , n  T a h : n n - c l . ' , '  -

A u g . 1 2 ,

The Aus.  LM.M. Southern Oueensland Branch,  The Occurrence,  Predict ion and Control  of
Outbursts in Coal  Mines Symposium September,  1980



A.  J .  HARGRAVES

l n  L s  i  i  e r . o r ' ,  i , 1  .  S  .  e t  a l .  ,  1 9 6 0 .  S e i s m o a c o u s t i c

. i  r .  . . - , ' i o '  i n  c o a l  m i n e s .  P a p e r  o I

" . n i : . q  L .  ' i  r u r . ,  A c a d c m v  o f  S c i e n c e s ,

i ' 1 o s c o u .

i | i r c o t t ,  f ' . 1 , .  r n d  
' l l . a c k e t t '  

P .  '  1 9 6 9 .  T h e

i ) t ' f c c r f  o f  g e o l o e i c a l  f e a t u r e s  o n  t h e

' i . a r L f a c l i r e  o f  E a s  o u t b u r s - r  f r a c t u r e s  j - n

t f r . r  : l a i r 1 ,  l l i l l a n d  C o a l f i e l d .  A u a r t e r l y

, l o u r .  i l n g n q '  C e o i .  '  V o l .  2 ,  p p .  8 9 - 1 0 1 .

i a l . p o v ,  A . 1 . 1 .  a n d  A r t e m o v ,  A ' B . ,  1 9 5 8 .

r .  l  r  n  o '  l n o  i n t c n " i t y  o I  v . n r i l a t -

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

r :  a n  .  t  r i n g  h i :  P h e n o m e n c n  a s

m c a s u r e s  a g a i n s t  j  n s t a n t a n e o u s

oLr l  Lurs ts  o f  gas  and coa]  ,  [ Jgo1 -  ] ' Jo .  3

-  5 3 ,  r , r , .  2 5 - 2 ! 1  '

' '  . . n  r  x ,  l : . ' . . .  I  , l ' l .  Q u c l q u c s  A c c i d e n t '  e r

T n c i d : n t s  R c m a r ! u a b l e s ,  T e c h n i c a l  N o t e

l . l o .  1 + 7 / r r ,  ' e r c h a r ,  P a r i s .

' r '  L L i l l i r t ,  f i . ,  1 ! 5 4 .  G r o u n d  p r e s s u r e  a n d

, ; l ' T p a m i c  i : c i d e n t s  ( I n s t a n t a n e o u s  o u t -

i ,L i rs t : r  a rd  roo f  bumPs )  Revue de

i , '  l n d u s t r i e  l ' l i n e r a l - e .

r ' o , ' n . ' t ,  ! 1  .  ,  1 9 4 r : .  P o m P a g e  d u  G a s .  C a r b o n i q u e

d ' r . L n  D e e a g e n e n t  I n s t a n t e ,  1 4 i n e s  i l o .  4  '

P a r r s .

I r r v ; r l  ,  i l  . , 1 .  ,  l ' l 3 r r  '  I ' r i n c i p e s  a  C o n s u f  t e r

l ' o r t r  !  ' i . : : < f  l o i t a t i o n  d e s  M i n e s  S u j e t t e s

i \ i r i <  i , e  z a s e n e n t s  I n s t a n t a n e s ,  R e v u e  d e

I n d u s t r i e  I ' l i n e f a l e

l l . l . i r r t ,  l l .  e t  a l .  ,  1 9 6 6 .  l n s t a n t a n e o u s

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

i n c l L r : r r : r . , '  (  i n  C e r m a n )  ( V E B  D e u t s c h e r

. . r I , . :  . " i  . : i r ) .

i . l :  i  r r r r l . : r ,  I . ! ' .  a n d  L a o - T c h i ,  1 9 5 9 .  ' I ' e n d e n c y

to  in : r tan taneo i :s  ou t i lu rs ts  o f  coa fs

i n  t h t  i ' o p u l a l  R e p u b l i c  o f  C h i n a  a n d

.  ' . .  r  r l  l  e c u l  i a n i t i e s  o f  t h . i r  p h y s . c o -

c l r r - r f  i c a l  l r o p e r t i e s '  C . R .  ( I z v e s t i a )

r l c . r i r i t ' ; '  o f  S c . i e n c e s  t l . S . S . R .  l ' l e i a l l -

i r r ' , r , , , , -  l l o m b .  i ' . I o .  5 '  p p .  I B 7 - 7 9 I '

I  u r r i n ,  l ' r t l .  I n s i a n t a n e o u s  o u t b u r s t s  o f  c o a l

J i r r i  , t a s  i n  a  l a b o r a t o r y  e x p e r i n e n t ,

P r o b l e m s  o f  m i n e  v e n t i l a t i o n ,  l ' l i n i n l

I n s t i t u t e ,  A c a d e m y  o f  S c i e n c e s ,  l l o s c o r i ,

p p . 2 7 9 - 2 2 4 "

H a r 4 i e ,  P . N .  a n d  H a r  g r a v c  r ,  n .  
" .  

.  1  r

i n t r o d u c t i o n  o f  f u l l  f a c e  n u l t i ; 1 r '  : : 1 . .  i -

f  i r i n g  a t  C o l I i n : ; v  j  l I e  ! l t a t e  l ' c a l  r 1  i n , '  ,

P r o c .  A u s t r a l a s .  i n s t .  l , l j n .  i ' l e 1 d l l . ,  j . . .

1 9 6 ,  p p .  9 - 2 7 .

H a r g r a v e s ,  4 , J . ,  1 9 5 8 .  I n s t a n t a n e o u : r  o u t -

b u r s t s  o f  c o a l  a n d  g a s ,  P r o c .  A u s t f a i 3 : . .

I n s t .  M i n .  l 4 e t a 1 1 . ,  i i o .  1 8 € , !  t - , f  .  2 1 - 7 : .

H a r g r a v e s ,  A . J . ,  e t  a I . .  1 9 6 q .  T h e  c o n t r o l

o f  ins tan taneous ou tburs ts  a t  i le t l ' o l  o i

i t a n  C o l I i e r y ,  N . S , l ' , 1  . ,  P r o c .  / i u i i t ] ' a . l . l

I n s t .  M i n .  I l e t a l l  .  ,  N o .  2 0 9  ,  l r l  '  i  r . :  i '  , '

H a r g r a v e s ,  A . , 1  .  ,  I 9 6 5 a .  I n s t a n t a n . t o i l r r  . r i r l

b u r s t s  o f  c o a l  a n d  g a s  i n  A u s t l a l i . r ,

Proc .  E igh th  Commonweal t t t  I l i n .  l " j c ta lL .  ,

C o n g . ,  V o l . 6  -  G e n e r a l . , ,  p p .  8 7 1 - B t r : .

H a r g r a v e s ,  A . J . ,  1 9 6 5 b ,  I n s t a n t a n c c u : r  o r r - .

b u r s r s ,  o v e r s e a s  i n v e : t i g a t i  n  l  -

The Un ivers i ty  o f  S ' rdney .

H a n g r a v e s ,  A . J , ,  I 9 0 6 .  i l a s  e m i s s i o n  i r ' : r :

m ine  rvork ings ,  P foc ,  Sy lnp .  on  : lear l

Gases  in  Coaf  ! i ines  ,  I - re f , t  .  o f  l i i  n  i :1 , '

E n g n g .  ,  T h e  U n i v .  o f  S l r d n e ' v ' ,  i a i r e l '  4 i  ,

P p .  1 - 1 6 .

H a r g r a v e s  ,  A .  J .  ,  f 9 7 3 .  P l a n n i n g  a n d  o i r e l ' a i  -

i o n  o f  g a s e o u s  m i n e s .  7 5 t h  r ' \ n n .  i l . r n .

M e e t i n g  o f  C . L M .  V a t r c o u v e f ,  ( ' . I . 1 : .

B u l . I e t i n  V o 1 .  6 6 '  N o '  7 3 1 '  P p '  1 i ' l - 1 : l l ] .

H a r g r a v e s ,  A , J , ,  1 9 7 7 ,  A  n o v e l  a p i r r o a c h  i : t r

longwal l  rn in ing .  I ' roc  .  o {  Th i  rd  l r ' , ' : : r i

on  underground min i r . rg ,  l ' Ja t iona l  ao t r l

A s s o c .  B i t u m i n o u s  C o a l  R e s e a f c h ,  r - o a l .

C o n f  .  a n d  E x p o  I V ,  L o u i s v i l l e ,  i " r : r t L : c i . , '

p p .  2  8 1 - 2 9 6  .

H a n g r a v e s ,  A .  J .  ,  1 9 8 0 .  S e a r n  g a s  f r o l , l c n :

- - r  r - - j - - - -  , *  . . t s t n a l l a .  r ! f t r .
a l r u  1 r r  o r r r a S q  1 , '  , r t

I n t .  C o n g .  o n  C d a l  R e s e a r c h '  D u : r r i € : l , l c r l !

(  i n  p r e s s  )  .

J o v a n o v i k ,  e t  a l , ,  1 9 7 ! .  T h e  e n e r i y  o f  f r r , '

g a s  s p r e a d i n g  i n  o . l i g o m i o c e n i c  c o : : l

Tlre Aus.  LM.M, South€rn Oueensland Branch,  The Occurrence,  Predict ion and Control  o l
Outbursts in Coat Mines Symposium September,  1980



l 8 A.  J .  HARGRAVES

n -  j j  a n o  i t s  o u L b u r s t . i n g  u a p a c i r v ,  P I ' o c ,

: : y i I 1  I n t .  C o n f .  o n  S c i e n t i f i c  R e s e a r c h

i n ' h e  f i e - l d  o f : a f e t y  a t  w o r k  i n  m i n i n g

i n d u s t r y ,  D u b r o m i k ,  P P .  1 9 - 3 1 .

i , . rngr  ,  C .  ,  18 'c2  .  Cut t ru rs ts  o f  carbon d iox ide

a t  t h e  R o c h b e l l e  M i n e s ,  B u l l e t i n  S o c .

L , ' I n d u s t r i e  M i n e r a l e ,  P a r i s ,  S e r i e s ,  3 , 6 .

. r u I ,  i  .  ,  l 9 ' 1 ' 1 .  E a r l v  r e c o g n i f i o n  a n d

,  1  e v . n t  i o n  o f  g a s  o u t b u n s t s ,  C I u c k a u f .

1 1 3 ,  N o .  1 3 .

i . lueens i land Government '  1956 '  Repor t  o f  Roya l

C o m m i s s i o n  r e l a t i n g  t o  S t a t e  C o a . l  M i n e

c o . l l i n s v i l l e  ( Q l d .  c o t t .  P r i n t e r  B r i s b ' )

Q u e n t i n ,  l ' 1 . ,  1 9 5 2 .  R e f l e c t i o n s  o n  i n s t a n t a n -

e o u s  o u t b u r s t s ,  R e v u e  d e  L r l n d u s t r i e

l u l i n e r a l e  .  V o I .  6 .

R i c e ,  G . S . ,  1 9 1 8 .  B u m p s  a n d  o d t L , . n : ' \  o r  . J .

i n  t h e  n i n e s  o f  c r o w s n e s t  P a s s  C o a l f i e . l . d ,

B r i t .  C o ] . ,  D e p t .  o f  M i n e s  B u l I . t l n  t : . . .

S l T e p h e r d ,  J . R .  a n d  C r e a s e y ,  J . | ' l . ,  1 9 7 9 .

F o n e w a r n i n s  o f  f a u l t s  a n d  o u t l  u n s t :  ' 1

c o a - L  a n d  g a s  a t  i { e s t c f i f f  , o 1 1  i c r y ,

A u s t r a l i a ,  C o I J .  G u a n d i a n  ̂ o a l  l n t . ,  . . - ' '

( a )  p p . 1 3 - 2 2 .

T a l m a n ,  W . G . ,  l - 9 5 4 .  A u g e r  d r i l l i n g  t o  c o n t r o l

* ^ " - r - i ' .  L  - - -  r l , S .  S r e e l  ' o r p o r u t . i o l .
r i r u u r  I  L a f  r 1  u u i l P >  t

C o a . l  D i v i s i o n  -  G a r y - L y n c h ,  W .  V a .

W i l l e t t ,  H , L .  a n d  T h o m a s ,  D . A . ,  1 9 6 5 .  a r L r t

b u r s t s  o f  g a s  a n d  o f  c o a l  a n d  g a  ,  |  .

t i g h t h  C o m m o n w e a - I t h  M j n i n g  a n d  l 4 e l d l  I  ' ,

C o n g , ,  V o ] - .  6  -  G e n e r a l ,  P p '  8 6 1 - 8 6 9 .

,-

The Aus.  l .M.M. Southern oueensland Branch,  The occurrence,  Predict ion and contro l  of

Outbursts in Coal  Mines Svmposium September,  1980


