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REDUCINC GASSINESS OF OUTBURST-PRONE COAL

AT COAL BASIN MINES, COLOMDO, USA

By

Bradley J.  Bourquinl  and Tony Mart in2
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ABST&{CT

High methane conten t  o f  the  ned iun-

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

B a s i n  m i n e s  c a u s e s  v e r y  d i f f i c u l t  n i n i n g

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

. - ^ ^ r : r ^ -  r : d i r c  ^ ^ . t  n r n j , r - r i n -! u r '  5 / r L s , ' .  P r w u u r L r u r r ,

r c o r r i r c s  h r r p e  f r e s h  a i r  o t r a n t i i i F s  a n d . r a r f c s

mine sa fe ty  p rob lems.  In  work ings  deeper  than

2000 f t  (600m)  gassy  coa l  and heavy  cover

. r e a r e  o u t h u r s t i n q  c o n d i t i o n s .  C r o s s - n e a s u r e

nethane dra inage has  reduced vent i la t ion

r a n r r  i  r - m 6 n f e  a n  r r l r r r n r  i  n ^  F - ^ ^ -  L , ' +  r ^ ^ - - :  c i_ . .  - - , * . . - r n g  r a c e 5 ,  D U I  o e g a s l r l c a -

- i ^ i  ^ €  t . i F - i -  . ^ .  : -  n a o j a ;  r ^  ; h n r ^ r , d  n i h i ,L l o i l  9 r  v r I - g t l l  c o a l  t 5  . . - - * - . .  - . -  , . . , . ^ . n g

c o n d i t i o n s ,

INTRODUCTION

I ' 1 i d - C o n t i n e n t  p r e s e n t l y  o p e r a t e s  f o u r

n r n e s  i n  C o a l  B a s i n ,  w h i c h  i s  l o c a t e d  i n  t h e

l \ rh i te  R iver  : , ia t iona l  Fores t ,  150 mi les  (250 kn)

s o u t h w e s t  o f  D e n v e r ,  C o I o r a d o .  I n i t i a l  n i n i n g

was done by  the  Co lorado Fue l  and I ron  Company

f r o m  1 8 9 2  u n t i l  1 9 0 9 ,  M i d - C o n t i n e n t  b e g a n  t h e

present  opera t ion  in  1956.  The four  mines  now

p r o d u c e  a b o u t  o n e  m i l l i o n  t o n s  ( 9 0 0  0 0 0  t o n n e s )

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

annun.  The .coa l .  i s  marke ted  to  Ka iser  S tee l

a n d  U .  S .  S t e e t  d o m e s t i c a l l y  w h i l e  e x p o r t  m a r -

ke ts  in  Korea and Japan are  be ing  deve loped fo r

expanded produc t ion .

Two seams are  n ined in  Coa l  Bas in .  The

C o a I  B a s i n  s e a m  i s  t h e  l o w e r  s e a n  a n d  r u n s  2 2

f t  t o  3 0  f t  ( 7 n  t o  1 0 n )  t h i c k .  T h e  D u t c h  C r e e k
-
1 ^

5 1 3 d 1 e y

Cont  inenr :

J .  B o u r q u i n ,  C h i e F  E n g i n e e r ,  M i d -

Resou rces ,  Ca rbonda le ,  Co lo rado ,  USA

s e m  i s  4 5 0  f t  ( 1 4 0 n )  a b o v e  t h e  C o a l  B a s i n  s e a m ,

- - r  i s  7  f r  t o  l 0  f f  r ) n  t or L ! 4 L r t s | 1 4 P i i l  L d r  1 / ,  d r r u

3 n )  t h i c k .

S e a m s  o u t c r o p  a L  a p p r o x i m a t e l )  1 o  0 U n  f t

(3000m)  e leva t ion  in  nounta inous  te r ra in  d ipp ing

a t  l 0 o  t o  l 2 0  i n  a  w e s t e r l y  d i r e c f i o n  u n d e r

Huntsnans R idge (see F igure  1)  .  Cover  inc reasers

r a p i d l y  w i t h  p r e s e n t  w o r k i n g s  u n d e r  2 0 0 0  f t  t o

2 8 0 0  f t  ( 6 0 0 m  t o  8 0 0 m )  d e p t h .  A I I  m i n e s  a r e

) r j r r c -  e q  < 1 n n c  m i n e c  , l . r . a  . l i n  f r n n  - 1 r -  c  r r f  r , ' g .

a , , T T A i f l v  c : r ' e  . D n L i n u o u s  n i n e r  s e c t i o n sv s l r ! r r ! r J

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

r e t r e a r i n g  l o n g \ a 1 l  a r e  o p e r a t . i n g .  A n  a d v : n -

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

s e c o n d  q u a r t e r  o f  t h i s  y e a r .  J t  i s  s p o n s o r e d

h v  r h c  I l  q  n c n a r r m - n i  n €  F n e r o v  € n r  t  h e

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

M i n i n o  f r n m  r h F  F i r c r  h ^ , r ^ -  l i F -  , . :  I  I  h ^ - i -  I. -  -  J O - L O , . r  l l t (  w t l l  D e g t i l  u y

ea r l y  1985 .

METHA\E CONTROL

INTRODUCTION

The actual  methane content  of  the Coal

Bas in  seam has  been  measu red  t o  be  500  t o  600

c f  ( 14  t o  17  r31  wh i l e  USBM f i gu res  ( IC  8659 ,

1973 )  p l ace  t he  gas  l i be ra t i on  a t  i 167  t o  1750

^ f  n o r  t n n  n f  e n e l  m i n e d  T h p c c  F i  o , , r o c  n l r n e

t h e  C o a l  B a s i n  m i n e s  w i t h i n  t h e  t o p  l 0  p e r  c e n t

^ F  r h a  n . c c i a c f  h ; n a <  ; n  i h p . ^ , , n r r v  O n a
v !  L r L L  5 4 J J

reason fo r  such h igh  gas  l ibera t ion  is  tha t

o n . l y  t h e  t o p  8  t o  1 0  f t  ( 2 . 4  t o  3 . 0 m )  o f  t h e

2Tony Mar: t i .n,  Project  Engineer,  Mid-Cont inent

Resou rces ,  Ca rbonda le ,  Co lo rado ,  USA

The Aus. l .M.M. l l lawarra Branch Symposium,
"Seam Gas Drainage wi th part icular  reference to the Working Seam",  May 1982I
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B. J.  Bourquin and A.  H.  Mart in

F i g u r e  1  -  C r o s s  S e c t i o n  o f  S e a n s  i n  C o a l  B a s r n

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

t h e  f u 1 L  2 8  t o  3 0  f t  ( 9  t o  1 0 m )  o f  c o a 1 .

Consequent ly ,  a i r  requ i renents  fo r  deve lopment

j c c r  i o n s  a r e  a b o u t  l 0 L )  0 0 0  c f m  ( 1 8 0 0  m J z s ) .

G a s  l i b e r a t i o n  h a s  a  r e l a t i v e l y  l o w  b a s e

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

n i n i n g .  A f t e r  m i n i n g  c e a s e s '  g a s  t i b e r a t i o n

r e t u m s  t o  b a s e  1 e v e l  w i t h i n  e i g h t  h o u r s '  A n

i n v e s t i g a t i o n  b y  a  U S B M  t e a m  ( G a b r i e l l a  e t  a l ' J

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

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

bound up  w j - th  the  min ing  opera t : 'on .

CROSS MEASURE NIETLIANE DRAINAGE

i n  1 9 7 6 .  T h e  s y s t e n  w a s  i n t r o d u c e d  a s  a n  a c c e p -

t a b l e  a l t e r n a t i v e  t o  b l e e d e r  s y s t e n s  a s  r c q t r i f e d

b y  U S  n i n i n g  1 a w .  S i n p l y  d e s c r i b e d ,  u p h o l e s

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

f r a c t u r e  z o n e  a b o v e  t h e  g o b .  A  p i p c l i n e  t u i t h

8  i n .  l i n e  ( 2 0 0 r m l  i n  t h e  t a i l g a t e  a n d  1 0  l n '

l i n e  ( 2 5 0 m m )  i n  t h e  s l o p e s  c o n n e c t e d  t h e  h o l e s

t o  a n  e v a c u a i : i o n  p l a n t  o n  t h e  s u r f a c e '

S ince  la rge  amounts  o f  bo t tom coa l  were

te f t  beneath  the  1ongwal1  face  and ne thane

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

p roduc t ion ,  methane caPtu l :e  was pred ic ted  to  be

2 0  p e r  c e n t .  A c t u a l  r e s u l t s  w e r e  5 0  P e r  c e n t

o r  n o r e .

Cross  measu re  me thane  d ra l nage  was  suc -  Upho les  we re  d r i l l ed  160

cess fu l l y  used  on  advanc ing  l ong rva l l s  beg inn ing  ang le  o f  55o  t o  t he  ho r i zon ta l

The Aus. l . lv l .M. l l lawarra Branch Symposium,
. . S e a m G a S D r a i n a g e w i t h p a r t i c u I a r r e f e r e n c e t o t h e W o r k i n g s e a m ' ' , M a y 1 9 8 2

f t .  ( 50m)  a t  an

.  The f i rs t  60



B. J.  Bourquln a n d  A .  H .  M a r t i n

I t  ( l 0 n )  w e r e  d r i l  l e d  w i t h  a  5  i n  ( 7 5 m )  b i t  '

( S e e  F i g u r e  2 ' )  T h i s  h o l e  w a s  c a s e d  w j ' t h  a

s tand p ipe  and the  rena in ing  100 f t  (30m)

d r i l l e d  w i t h  a  2  i n  ( 5 0 m m )  b i t '  C u t t i n g s  f r o m

the second s tage were  packed aro tnd  the  case

p i p e  t o  F o r m  a  s e a l  f o r  s u b s e q u e n t  e v a c u a t i o n '

The cas lng  served to  p romote  dra inage f rom the

upper  par t  o f  the  ho le  and to  p revent  shor t

c i r c u i t i n g .  F i g u r e  3 .  i l l u s t r a t e s  h o l e  I ' 4 "

proper ly  loca ted  in  the  mic ro- f rac tu re  zone on

t h e  e d g e  o f  t h e  c a v e .  H o l e  " C "  i s  d e s t r o y e d  b i

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

enough f rac tu r ing  to  be  e f f i c ien t .

The dr i l l i ng  mach j -ne  used was an  I 'Edeco

M i n i  H y d r a c k " .  I t  i s  a  c o n p r e s s e d  a i r l

h y d r a u l i c a l l y - d r i v e n  ( 1 0  f l P  o r  7 . 5 K 1 { )  s k i d -

Stondp ipe  60 '

Figure 2 -  Dr i l l ing Layout for  Roof l lo les

The  Aus . l .M .M .  l l l awa r ra  B ranch  Sympos ium '
"Searn Gas Drainage wrtn p; ; t icular  reference to the Working Seam"'  May 1982



302 . B .  J .  Bou rqu in  and  A .  H .  Ma r t i n

F i  o r r r e  I  -  r ) n ' i n i r m  n - . 1 1  H o . I e  L o c a L i o n

m o u n t e d  r o t a r y  d r i l 1 .  T h e  d r i l l  w a s  n o u n t e d  i n

an "A"  f r .me and had a  max imun th rus t  o f  9500

f b  ( 4 3 0 0  K g ) ,  w i t h  r o t a t i o n a L  s p e e d s  o f  6 0  1 0 0

and 190 RPM.  Each ho le  took  two nen an  average

o f  t h r e e  s h i f t s  t o  d r i l 1 .  H o l e s  w e r e  d r i l l e d

a c  : 5  F t  ( J 5 m )  i n t e r v a l . s  a - l o n g  t h e  t a i l g a t e ,

t h e  I a s t  h o l e  b e i n g  w . i r h i n  7 5  f t  ( 2 5 m )  o f  t h e

f a c e .

The Aus. l .M.M. l l lawarra

F r o n ' h e  n i n e  c a s i n q  a  2  i n  ( l f i r m l  f l c r i -

b l e  h o s e  r a n  t o  a  2  i n  s t e e l  p i p e  w i t h  s h u t - o f f

v r l \ / e s  o r i f i e c  n l 2 f c  r n d  t e s f  n l r r o s  t < a p

F igu re  4 ) .  Th i s  f ed  i n t o  t he  ma in  8  i n  ( J00m)

l i n c  i n  t h p  f , i l o , t p  f - h e n  i n t o  t h e  n a i n  1 0  i n

(250mn)  s l ope  l i ne  wh i ch  ca r r i ed  che  gas  t o  t he

surface vacuum stat ion.  Baker coupl ings were

r t s c d  l o  e o n n A c i  n i n e  l e n o t h <  T h a  n i n p  r c n o o

Branch Symposium,

] 'u,o
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rvas  grounded a t  the  sur face  subs ta t ion  and a

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

i \ a C e r  L r l p s  w e r e  p l a c e d  a t  l o h  p o i n t s  c h r o u g h -

o u t  t h e  s y s t e m .

A t  t h e  m e t h a n e  d r a - i n a g e  s t 3 t i o n  o n  t h e

s u r f r i e  F l a m e  a r r e i t o r s  s e p a r a t e d  t h e  t h r e e

\ c r e  n o n j  f o r e d  F o r  c o n c e n t r a t  i o n ;  a n d  a s  t h e

gas  percentage decreased the  f low was

r e s t r i c t e d  a n d  e v e n t u a l  I y  c l o s e d ,  i f  r e q u i r e d .

L i l e w i s e ,  a t  t h e  m e t h a n e  d r a i n a g e  s r a t i o n  t h e

number  o f  punps  on  l ine  was var ied  to  cont ro l .

the  f lo rv  anC main ta in  the  concent ra t ion  above

F i o ' r r e  4  -  C o n n e c f i o n  b e t w e e n  D r i I l  H o l e

and }Iain Drainage Line

PERFOfu\1,\NCE OF THE DL{INAGE SYSTEM

l le thane concent ra t ion  was main ta ined 30  per  cent .  A  fu l l t ime ne thane dra inage

above 30  per  cent  in  the  sys tem,  we l l  above the  eng lneer  ran  the  sys tem and rnade the  necessary

e x p l o s i v e  l i n i t .  I n d i v i d u a l h o l e s u n d e r g r o u n d  a d j u s t n e n t s .

B. J.  Bourquin and A.  H.  l {ar t in 3 0 3 .

" \ a s h  C L  7 0 2 "  v a c u u m  p u n p s  f r o m  t h e  n i n e  m d

l i ^ ^ ; ^ - ^ ^  ^ : ^ ^ -  T L ^  ^ - -  ,  - -  . , ^ ^ - ^ l  r ^  F L ^
u r r L , , 4 1 6 s  P , P q r .  r  ' r s  5 4 J

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

4  m i t e c  f 6  c  u - r  - ^  , L \  , . . ^ - L  ^ r - - +
,  _ .  J  ^ " ' l  L U  L r L (  w d r i l  P r r I r

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

T h e  N a s h  C L  7 0 2 r s  w e r e  a  c o n s t a n t  d i s -

p lacement - t )?e  pump produc ing  680 CFM (20  m5/s )

a t  vacuum.  In take  vacuun ranged f rom 2  in  to  5

i n  H g .  a v e r a g i n g  4  i n  w h i l e  g a s  r a n g e d  f r o m  1 0

n a r . p n t  t n  6 n  n p r . F n r  a H ,  : v e r e o i n u  l i  n c r

cent .  The average gas  f low a t  STP was 370 CFI I I

The  Aus . l .M .M .  l l l awa r ra  B ranch  Sympos ium,
"Seam Gas Drainage wi th part icular  reference to the Working Seam",  May 1982
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3 4 4 .

(10 nr /s)  per Pump, which at  45 per cent  CH4

was  160  cFN{  ( , 1 . 5  r 57s ;  CUo .  Th i s  i s  720  000

cu.  f t  (20 000 n5) per day for  three punps'

W i t h  t he  l ongw-a l1  r e l eas ing  abou t  1700  000  cu '

f t  (48 000 ,n51 CU4 per day into the ai rst ream

(120  000  CFM o r  3360  t n3 l s  a t  0 .8  pe r  cen t  CH4 l '

the gas capture rate of  the drainage system

was about 30 per cent  of  the tota l  gas

1 iberat  f  on .

9!r!!3qrg
P r i o r  t o  1 9 7 6  a I t  c o a l  a t  I U i d - C o n t i n e n t

w a s  m i n e d  b y  c o n l i n u o u s  n i n e r s '  A s  t h e  d e p t h

o f  c o v e r  a p p r o a c h e d  1 5 0 0  f t  ( 4 5 7  r n ) ,  f l o o r

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

requ i re  cont inuous  main tenance to  keep the lT i

open.  As  cover  inc reased,  bounces  and bunps

began to  occur ,  becoming more  severe  as  the

cover  inc rease<I .  A t  2000 f t  (610 n)  ou tburs t -

i n g  b e g a n  t o  o c c u r '  F r o m  1 9 6 9  t o  1 9 7 7  f i v e

f a t a l  i t i e s  r e s u l t e d .

The iv l id -Cont inent  managenent  made wor ld -

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

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

advanc ing  1ongwa11 method o f  rn in ing  was imp le-

m e n t e d  i n  t h e  D u t c h  C r e e k  N o '  1  n i n e  i n  1 9 7 6

a n d  i n  t h e  L '  S '  W o o d  N o .  3  n i n e  i n  1 9 7 8 '

The ou tburs ts  a re  c l 'ass ica l  p ressure  ou t -

b u r s t s  r a t h e r  t h a n  n o n c l a s s i c a l  t ) ? e s  a s s o -

c i a t e d  w i t h  f a u l t s  a n d  d y k e s '  T h e y  r e s u l t  w h e n

in tense s tTess  zones  sur round ing  mine  open j 'ngs

f rac ture  the  coa l  when i t  i s  ins tan taneous ly

s h i f t e d  b y  n i n i n g  o r  v o l 1 e y  f i r i n g ,  a n d  m a s s t v e

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

c o a l  .

The advanc ing  1ongwal l  ne thod s ign i -  ,

f i can t ly  reduced the  ou tburs t  hazard ,  a l though

the  corners  o f  the  longwal l  face  remained

s t T e s s e d .  T w o  u n a n t l c i P a t e d  o u t b u r s t s  o c c u r r e d

i n  t h e  L W  1 0 1  p a n e l '  r e s u l t i n g  i n  o n e  f a t a l i t y

i n  O c r - o b e r  1 9 7 7 .  A f t e r  t h i s ,  a  r o u t i n e  n a n -

datory  vo l ley - f i - r ing  program was imp lenented '

Wi th  vo11ey f i r j -ng  no  unant ic ipa ted  ou tburs ts

B. J,  Bourquin and A.  H.  Mart in

have occur red .

I n  1 9 7 9  v o 1 1 e y  f i r i n g  w a s  s u s p e n d e d  i n

deve lopment  head ings  when rad io  renote-

cont ro l led  n iners  were  in t roduced '  The miners

were  ab le  to  s tand back  and t r igger  ou tburs ts

wi thout  the  th rea t  o f  bur ia l  by  ou tburs t  coaL '

Outburs ts  by  na ture  re lease enornous

amounts  o f  ne thane.  Outburs t  con t ro l  by  rad io

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

powered equ ipment  a t  the  face  as  a  Poten t ia l

i g n i t i o n  s o u r c e .  I n  1 9 8 1  M i d - C o n t i n e n t  d i s -

c o n t i n u e d  t h i s  p r a c t i c e  a n d  r e s u n e d  v o L 1 e y

f i r i n g .  J o y  C D  7 1  d r i l l s  a n d  a  c o n v e n t i o n a l

n in ing  cyc le  wete  in t roduced to  inc rease produc-

t i o n  i n  d e v e l o p m e n t  s e c t i - o n s '  T h i s  h a s  a l l o w e d

a n  a c c e P t a b l e  2 0 0  t o n s  p e r  s h l f t  p r o d u c t i o n

T h e  u l t i m a t e  s o l u t i " o n  t o  e l i n i n a t i n g  o u t -

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

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

f l u i d i ; i n g  m e d i u m .

CONCLUS ]ONS

t r l i d - C o n t i n e n t  h a s  g a i n e d  e x P e r i e n c e  w i t h

sean gas  dra inage by  us ing  Cross- I leasure

j {e thane Dra inage Sys tems w i th  i t s  advanc ing

1 o n g w a 1 1 s .  T h e  p e r f o r m a n c e  o f  t h e  s y s t e m  h a s

been good f rom in i t ia l  s ta r tup '  I f  the  same

quant i t y  o f  ne thane had to  be  re rnoved by  the

v e n t i l a t i o n  s y s t e m '  a n  e x t r a  5 0 , 0 0 0  c u '  f t  p e r

minute  wouLd have been requ i red '  The h igh

c o n c e n t T a t i o n  o f  g a s  h a s  e c o n o m i c  u s e s '  a s

dernons t ra ted  a t  the  therna l  d ryer  where  i t  i s

u s e d  a s  f u e 1 .

For :  the  fu tu re  Mj -d -Cont inent  i s  look ing

at  bo th  in -seam gas  dra inage and sur face  bore-

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

both  seam gass ] -ness  and ou tburs t  p roneness  o f

v i r g i n  c o a 1 .  A c c e s s i b J - 1 i t y  i n  n o u n t a l n o u s

ter ra in  and heavy  cover  tend to  nake sur face

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

The  Aus . l .M .M .  l l l awa r ra  B ranch  Sympos ium '
"Seam Gas Drainage wi tn pai t iCutar  reference to the Working'Seam"'  May 1982



i B . J .  B o u r q u i n  a n d  A . H .  M a r E i n

A .  I 1 A R T I N  ( M i d - C o n t i n e n t  R e s o u r c e s '  U . S ' A ' ) :

N o .  t h e  o u t b u r s t s  o c c u r  b e l o w  6 0 0  m .

I .  C R A Y :  I t  i s  u n d e r s t o o d  t h a t  t h e  c o n d i t i o n s

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

p r e s s u r e  g r a d i e n L s ,  d 1 d  c l e a t  f o m a t i o n s ,

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

j  q  L h c r e  a  w e l  s e a m  p r o b  L e m  m k  i n g  t h e  s e a m

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

f r o m  t h e  o u t b u r s t  p o i n t  o f  v i e w .

, \ .  ) 4 A P  I  i  N :  N u  .  T n e  s e a n  i  s  v e r y  d r y  a c  L u a l  l y .

I  L  i s  j u s t  1  p u r e  p r e s s u r e  o u t b u r s t ,  s t r a i g h L

p r e s s u r e .

l .  i - \ Y :  , \ l r J t  i s  L n e  g a s  p r e s s u r e  L h e r e ,  h a s

i r  l r r - r r  r - r i u r e d  i n  t h e  v i r g i n  c o n d i r i o n l

. \ .  I I \RTIN:  Ihere  are  no  f igures  ava i lab le .

t l .  M A R S H  ( B H P  S t e e l  D i v i s i o n  C o l l l e r i e s ) :  I t

, , ^ - ^  k ^ i - ^5  w E '  e  u c  1 1 1 6

3 0 5 .

D I S C U S S I O N

L  G R - A Y  ( A . C . I . R . ) . ) :  I n  t h e  o u t b u r s t  p r o n e  d r i v e n  b y  r e m o t e  c o n t r o l  a s  a  m e a n s  o f

m i a e ,  o r  l n  t h e  F i r s f  p l a c e ,  a r e  a I l  o F  t h e  M i d -  c o n b a t t i n g  L h e  o u t b u r s L  p r o b l e m  f o r  d e v e l o D m e n t .

C o n t i n e n t  m i n e s  o u t b u r s t  p r o n e ,  o r  i s  i t  o n l y  P l e a s e  e n l a r g e  o n  t h a t  a  l i t t l e ,  e s p e c i a l l y

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

^ ^ l  - ^ ^ ^ ^  ^ a  F - - ' . ^ ^ ^ - -  4 - ^ -  F L ^  r - ^ ^
u P c r d e u !

A.  I , IARTIN:  The n iner  d r iver  wou ld  s tand back

^ - - L ^ L  |  ^ L - . . ,  1 ^  m  f r o m  t h e  C O n f i n u o u sY L W U O U L J

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

^ n p r a f ^ -  q : r l  p l r m h i l : c a l  c o r d  f r o m  e i s

< n  r . , n l l d  . l r ; \ / p  i  h p  n e r  r r n  h e h i n d  r h e

m i n e - -  o e .  o n f .  o o  h a c k  w i f h  L h e  n i n e r  d r i v e r

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

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

o u t b u r s t s  w e r e  t r i g q e r e d  b y  - - h e  m i n e r ,  L h e

d r i v e r  w o u l d  r u n  b a c k  t o  t h e  c a r  a n d  d r i v e

T q - r  ' . - -  r ^ , - d  t n  h e  e v r r e m e l r .  < r i , ,)  c  4 w 4 J

f r ^ m  f h a  n ^ i n t  ^ f  f  i a L '  ^ i  . ^ \ r p r i n o  n A ^ n l o  i l

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

t h a t  w a s  a b o u t  2 0 0  s h u t t l e  c a r s  o f  c o a l ,

a h o r r r  R 0 0  t s . n 1 e q -  * h F l  t o r a l  I v  f i l l e d  f , n  c n L r \

2 5  m  b a c k  f r o m  t h e  F a c e .  C o m p l e t e l v  f i t l e d  i r .

T h a  F 6 i a r . l  r n c ^ a - F ^ F c  S a i d  t h a t  t h e  S v s t e m  h a d

r n  h o  n h r n o a r l  c ^  n ^ , - '  r h a  n h r n o e  h : <  h a p n  m t r i l ,

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

^ ^ . , i , L  -  T ^ , ,  a h 7 l  ^ ^ ,  - L ^ F F i - i ^ ^  - ^ l
i L  u v r r " 5  w ' L ' r  d  J U I  ! ' 1 5  o " u

i i l s i  f r a c r u r i n p  T h e  e o a L .
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