
ABSTRACT

Bas ing  upon many and long orac t ica l

exper iences  o f  gas  c i ra inage i rou  coa l  sean and

r e s u L c s  i n v e s c i g a r i o n s  o n  c h e  g a s  f l o w  E h r o u g h

i n  s i - a u  c o a l '  s e a o  u s i n g  t r a c e r  g a s e s ' l t

b e c a e  c l e a r  t h a t  s o l i d  c o a L  i t s e l f  l s  h a r d l y

gas  peroeabLe or  has  ex t ieoe ly  low gas

p e r n e a b i L i t y .  A l u o s t  a l l  o i  g a s  f l o w s  f r o o  a

coa l  sean l -n io  boreho l -es  th rough f rac tu re  ne t -

vorks  in te rsec t lng  w i th  theu 'Pr isary  aod

secooc ia ry  f rac lu res  in  coaL seams d i f fe r  in

the i i  s ize  and cont inu i ty  f rou  p lace  to  P lace

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

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

dra ioed ih roug i r  borehoLes wh ich  in te rsec t  w i th

u a n y  a n c i / o r  F i d e  f r a c t u r e s '

A  na the t ra t i ca l  oode l  fo r  gas  i l -ow f rom a

coa l  seam to  a  boreho l -e  th rough a  d lsco i ' ia1

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

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

l raccure  in  th is  no< ieL  is  shom to  be  a  goo< i

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

I n  a c i d i t i o n  t o  t h i s ' a n  a t e m p c  t o  m a k e

E r a c r u r e s  a l o u c d  a  b o r e h o l e  u s i n g  h i g h

v e L o c i t y  w a c e r  j e t ( c a ' I m  d i a '  ' 3 0 0 - 7 0 0 a t n '  '

f 0 0 - 2 0 0  l / n i n ' )  j ' s  i n t r o d u c e d '

INTRODUCTION

j a p a n  h a s  p r o d u c e d  L 8 - 2 0  m i l l i o n  t o n s  o f

c o a L  p e r  y e a r  t h e s e  s e v e r a l -  y e a r s  '

L )  A s s o c . p r o i . , D r ' , F a c u i t ; r  o f  E n g r n e e r r n g '
'  

Hokka ido  Ua iv '

2 )  3 e s e : r c h  A s s i - s c ' , D r '  '  < i o '

l )  P r o f . ,  D r . ,  d o '

K . I I IGUCHI ,K.OI iGA and T '  ISOBE

CONSIDERATIONS TO INCRTASE GAS DMINAGE R.{TIO BASING

U?ON METEANE DRAINAGE PRACTICE IN JAPAN

By

K.I{ lcucl l r l ) ,<-onee2) t ta r '  rsoBg3)

A,bouc ha l f  o f  the  producc ion  comes f rou

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

f i e l d  o f  I { o k k a i d o  P r e f e e t u r e ' n o r t h  i s L a n d  o f

Japan.  Gas dra inage melh 'ods  i rom coaL seaes

h a - r e  b e e n  u s e d  a r  a l L  o f  t h e s e  c o a L  m r n e s '

I t  i s  we l l  knom by  exper ience tha t  there

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

< i . ra inage f rom coa l  seams ac  a  l lo rchern  3nd a

S o u c h e r n  P a r t  o f  t h e  c o a l  i i e l - d '  T o  c o o p a r e

d i f f i c u l t y  o E  t h e  g a s  < i r a i n a g e ' f o l l o u l n g  r ' r o

w a y s  a r e  u s e d .  T h e  i i r s c  u a y  i s  t h e  i n d e x

c a l L e c i  
" g a s  d r a i n a g e  r a t i o " d e f i n e c i  a s  i o l l o q s '

G a s  d r a i n a g e  r a t l o  =  
a = '  

r o o  (  z  )

Where  A:  Vo luoe o f  oe tnane dr3 ined by  gas

< i ra ioage Betnocs  '

B :  V o l w e  o f  m e t h a n e  e a i E t e d  t o

v e n E i l a c r o n  c u r r e n t '

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

coa l  n ines  are  approx i -matd 'y  3OZ an< i  502 a t

t h e  N o r : h e r o  a n d  S o u t h e r n  p a r r  o f  t h e  c o a l

f : le ic i  respecc iwe ly  '  The second uay  is  to

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

d r i l - l e d  t h r o u g h  c o a L  s e a m s '  T h e s e  d i s r a n c e s

w h i c h  h a v e  b e e n  d e c i d e d  b y  e x p e r r e n c e  a r e  i e s s

than lOu a t  the  Nor thern  par t  and about  25o - ln

t h e  S o u t h e r n  P a r t '  U n d e r  t h e  h y p o t h e s i s  t n a t

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

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

t h a t  t h e  g a s  d r a i n a g e  r s  e a s i e r  a r  c h e

S o u c h e r n  p a r t  t n a n  r h e  N o r t h e r n  p a r t  o i  t h e

c o a l  l i e l d .

T o  i l n d  o u t  4 a i n  f a c t o r s  d e c l d i n g  ' h e
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d i f l c u l t l r  o f  t h e  g a s  d r a i n a g e ' s e v e r a l

o b s e r y a t i o a s  a n d  E e a s u r e E e r r l s  w e r e  c o n d u c t e d '

B a s i n g  u p o o  f h e s e  r e s u l t s ' a  m a t h e n a c i c a L

noc ie l  io r  a  gas  f low i -n to  a  boreho le  f rou  a

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

Trad i t iona l  gas  dra inage techn ics  w i th

oany  boreho les  in  coaL seaus  l i ke  p incush lons

are  very  expens ive  and g iv ing  b ig  r roub le  fo r

the  oanageseqc o i  coa l -  o ine  coopantes '

T h e r e f o r e  i c  r s  v e r y  i n g o r t a o t  t o  s e e k

ways  co  inc rease gas  f low f roo  a  boreho le  and

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

f e w  c i a c k s  i n  t n @ '

RESULTS OF OBSERVATIONS

I  G a s  i l o w  r a c e  f r o o  b o r e  h o l e s

F i g . l  s h o w s  t h e  t y P i c a l  c h a n g e s  o f  g a s

f l o w  r a c e  f r o o  b o r e h o l e s  a t  Y u b a r i s h i n k o  c o a l

o ine  in  Ehe Southern  Par t  and Sunagawa coa l

n i n e  ! q  r h e  N o r t n e r n  p a r t  o f  t h e  c o a l  f i e l d '

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

c o o D a r a t i v e l y  s o a L l  a r e a  o f  E h e  s a n e  c o a ]  s e m

f r o o  o o e  b o r i q g  s t a t l o n ' t h e r e i o r e  a L l  b o r e h o l e

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

e a c h  m i o e .

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

is  h igher  in  the  Southern  Par t  conpared w j . th

t b e  N o r r h e r n  p a r r '  I n  a d d i t i o n  t o  t h i s ' t h e

c o e i f i c i e n E s  o f  v a r i s q c  o f  g a s  f l o w  r a c e s

i m e d i a t e L y  a i c e r  b o r i n g s  a r e  l ' 0  a t  E h e

N o r t h e n  p a r t  a n d  0 ' 5  a t  t h e  S o u t h e r n  p a r t '

1 0 20 l o

(dry )

T h e r e f o r e  i c  c a n  b e  s a i d  t h a t  e a c h

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

1 n  c h e  N o r t h e r n  P a r r  c o n p a r e d  w i i h  t h e  S o u c h e r n

2  T r a c e r  t e s  t s

M a n y  t r a c e r  L e s t s  F e : e  c o o d u c t e C  u s l n g  l n

s l - E u  c o a l  s e a m s  a n d  t h e  s y s t e a s  s h o m  i n  F i g ' 2

.  Ereon and rad loacEive  mechane were  used fo r

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

w e r e  c h a n g e d  f r o m  0 ' 5 n  t o  L ' 8 m '  R e s u l - E s

o b t a i n e d  a r e  a s  f o l l o w s ' W h e n  t h e  d e p t h  o t  c h e s e

t e s t  b o r e h o L e s  w e r e  s h a l L o w e r  t s a n  a b o u t  5 8 ' t h e

t racer  gas  fLowed th rough the  coa l -  seam and

c o u L d  b e  d e t e c t e d , b u t  v h e u  E h e  d e p t h  w e r e

d . e e p e r  t h a n  5 m , t h e  t r a c e r  g a s  w e r e  s o m e l : : E e s

d e c e c t e d  a n d  s o m e L i m e s  n o t  d e t e c t e d '

I  y e a s u r e m e o t  o !  a c o u s t i c  a m i s s i o n ( A E )

accomPanied  bw a  bor ing  in tc  a  coa l  seam

F i g . 3  s h o w s  A E  e v e n t s  a n d  c o u n t s  r e s u l t i n g

f ron  bor ings  inao the  coaL seaus  o f  the  bo  th

p a r t s .  I E  i s  c l e a r  f r o q  t h e  f l g u r e  t h a t  a  l o t

o f  A E  a o p e a r  i n  t h e  S o u t h e r n  P a r t  c o E D a r e d  w i i h

t h e  N o r t h e r ! -  P a r t '  F r o m  i h i s  r e s u f t ' i i  c a n  b e

supposed Lhat  naoy  c racks  sur tounc i ing  a

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

S o u t h e r n  P a r t  '

4  R e s u L t s  o f  o b t n t " u t i o "  b Y  b " t

O b s e r v a t i o n s  q f  i n s i d e  s u r f a c e  o !

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

s c o p e  s h o m  i n  F i g ' 4 '

5 '
nd ege'd :ltd bdinq ( &Y '

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

o

o f  g a s  f l o wF i g . 1  D i f f e r e n c e

rhe Aus rM M 
Ji;i3i:?"f,:Ti,l,'r'"1i3inliil ""am,,, May 1ss2
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K . H I G U C H I , K . O H G A  a n d  T . I S O B E

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

t t e  s c c D e  g a . r e  c l e a r  s i g h c  o f  E h e  i n s i d e

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

o b s e r v a i l o q  w a s  I 3 m  f r o n  t h e  g a l l a a y .  F i g . 5

s h o a s  i h e  f r e q u e n c y  d i s t r i b u a i o n  o f  c r a c k s

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

s u r f a c e  o f  t h e  g a l l a r y  t o  t h e  d e p t h  o €  1 u .

C r a c k s  d e c r e a s e  t h e i r  n u n b e r  a t  m o r e

d e e c e r  o a r t , b u t  f r c m  t h e  d e p t h  o f  a b o u t  5 m ,

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

a c  t h e  d e e t h  o f  8 - 9 u .  I n  a d d j . t i o n  t o  t h i s ,

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

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

N o r t h e r n  D a r t .

D I S C U S S I O N  B A S I N C  U P O N  O S S E R . V A T I O N

B a s i n q  u p o n  a b o v e  E e n t i o n e d  r e s u l t s  o f

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

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

t h r e e  s t a g e  m o d e l s  s h o w  i n  F i g . 6  a r e  t h o u g h t

t o  b e  r o r t h - w h i l e .  S t a g e  I  s h o q s  t h e  s t a t e

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

s e e u  u i r i c h  c o n t a i c s  n o  c r a c k s  l n  i t "  T h e r e

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

b o r e h o l e  a n C  t h e  w i d t h  o f  t h i s  z o n e  s i l , l  d i f i e r

f r o o  p l a c e  c o  D 1 a c e  b y  t h e  s t r e n g c h  o i  t h e

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

C a s  p e r n e a b i l i r y  o f  t h i s  z o o e  ( K r )  s h o u L d

b e  c o o o a r a t i v e l y  h i g i r .  T h e r e  w i l l  b e  t h e

s c r e s s  q o q c e n t r a t e d  z o o e  a t  o u t e r  s i d e  o f  E n e

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

z r n e l K . r )  y i  f  I  b e  L o q .  A :  o u L e r  s  i d e  o f  F - h i s

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

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

N a i o g  t h e  g a s  p e r u e a b i l i t y  o f  t h i s  a a c i v e

c c a l  s e o  a s  ( K " ) , i h e r e  w i l l  b e  L h e  r e l a t i o n  o f
j

K . > > K - > K ^
! ] t

Sore ho{e in coot seon,

K r a

i l l

F i g .  6  T h r e e  s r a g e  n o d e l

J u d g i n g  f r o n  t h e  r e s u ! t s  o f  A , E  m e a s u r e o e n c

a n d  o b s e r v a t t o n s  b y  t h e  b o r e h o l e _ s c o p e , t e e

c . h i c k a e s s  o f  t h e  f r a c t u r e d  z o a e  1 s  t h o u g l c  i o

b e  t h i c k e r  i n  t h e  S o u t h e r n  p a r t  c o m p a r e C  w l t h

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

e x D l a n a E i o n  t o  E h e  d l f f e r e n c e  o f  g a s  i l o w  r a t e

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

I n  c t h e r  w o r d s , w h e n  b o r e h o l e s  c f  s a n e

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

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

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

c o m p a r e C  w i t h  t h e  N o r t h e r n  p a r t ,

S t a g e  I I  s h o w s  t h e  r e l a t i o n  b e r r e e n  r h e

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

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

U n d e r  i h i s  s t a g e , b o r e h o l e s  c a o s s e d  ? i t h

c r a c k s  f l o w  o u t  a  l o t  o t  g a s  b u t  b o r e h o l e s

w h i c h  a r e  n o t  c r o s s e d  t r i t h  c : a c k s  i l o a  o u t

l i t t l e  g a s .  T h e r e t o r e  g a s  f l o w  r a t e s  [ a ) /

d i f f e r  l a r g e l y  f r o o  a  b o r e r o l e  t o  a  b c r e h o l e

. A c : u a f  c o n c i i t i o n s  o f  i n  s i _ t u  c o a l  s a a o

a r e  t h o u g h t  t o  D e  t h e  c l o s e s t  t o  t n e  j t a g e  I I

anc i  esoec ia .L l l r  th is  noc ie l  g tves  gooc i

e : < o l a n a c i o n  L o  a f , e  b i g  - r a r : a n c <  o r  g r ;  : , o u

r a t e  c f  b o r a h o l e s  i n  t h e  N o r a h e r n  p a ; : .

I i  t h e . . f r a c e r  L e s r  i s  c o n i u c : e c i  u n C e r  t h r s

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

A  t o  C  b u t  c a n n o t  f l o w  l o  t n e  D o r e h o l e  B  c w i r .

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

f a c t  s o q e t a E e s  e x p e r i e n c e d .

T h i s  n o d e L  g i v e s  g o o d  e x D l a n a i i o o  t o  t i e

f a c a  i h a t  t h e  s e c o n C  b o r e h o l e  c i r i l l e c i  n e 3 r  t h e

f i r s t  o n e  i a  a  s a m e  n a n n e r  s o m t i n e s  f 1 0 w  o u t

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

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

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

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

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

S t a g e  I I I  s h o u s  t h e  i r n a l  s t a t e  o f  c r a c k s

a p o e a r e d  i n  a  c o a f  s e a m .  D e t s i t y  o I  t h e  c r a c i s

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

a  5 o r e h o l e  h a s  a  h i g h  r r o b a b i r i t y  o f

a n f e r s e c : t n g  w i t h  c r a c k s .

w
The  Aus . l .M .M .  l l l awa r ra  B ranch  Sympos ium."seam Gas Drainage wi th part icurar  reference to tn 'e v i lorr . ing seam', ,  May 19g2
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Every  boreho le  d r i l -1ed in  th is  zooe w i l - l

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

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

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

b o r e h o l e s  i n  t h e  S o u t h e n  P a r t  a r e  a b l e  t o  b e

e r ( D L a i n e d  b y  t h i s  n o d e L .

T a b I e  I  s i l o w s  s o E e  c h a r a c t e r i s t i c s  o f  t h e

b o c h  p a r i s .  F r o o  t h i s  t a b l e  i t  c a o  b e  s a i d

t h a c  t h €  e K i s t  o c e  o f  c r a c k s  i n  a  c o a l  s e a n  i s

the  oa in  fac to r  dec ic i ing  the  gas  dra inage ra t io

A !I,\THE!L{TIC.\L MODEL FOR CAS FLOA.

IROM A BORXHOLE

A s  m e n t i o n e d  a b o v e '  t h e  s t a c e  o f  c r a c k s

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

t o  t h e  S t a g e  I I  o r  I I I  w h e n  g a s  d r a i a a g e

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

There io re  a  na themat ica l  oodeL io r  gas

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

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

q i t h  t h e  b o r e h o l e .

T h o u g h  a c t u a L  b o r e i r o l e  i n t e r s e c t s  w i r h

i l a n v  c r a c k s ,  t o  s i n p l l i T  t h e  P r c b l e n , o o e

d i s c o i t l . a L  c r a c k  o i  w h i c h  a r e a  i s  s a B e  a s  l h e

c u o u i - 3 t : v e  a r e a  o f  m a n y  c r a c k s  i s  c o a s i d e r e d '

A s  s h o m  i n  F i g . T , t o c a l  g a s  f l o w  f r o o  a

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

t h e  f l o q  t h r o u g h  t h e  b o r e h o L e  i t s e l ' f  a R d  E h e

i l o w  L h r o u g i l  t h e  d i s c o i d a f  c r a c k '

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

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

( L ) .  
1  )  7

3 P  =  ( + r  r  ; ? - . = )
3 t 2 o ! 3 r r l r i z'n

G a s  p r e s s u r e  i a  t h e  c o a L  s e a m

T  : 3 e

G a s  p e m e a b l L i t Y

: ( =  o  /  v  )n n

: M e t h a e e  w e l g h t  v h i c h  c a n  b e

he ld  in  un i t  vo lume o f  coa l

u n d e r  n o r m a l  g a s  P r e s s u r e  ( P . )

: S p e c i f i c  w e i S h t  o f  n e t h a n e  u n c i e r

n o m a l  g a s  e r e s s u r e  ( P n )

: V i . s c o s i l y  o f  ! e c h a n e

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

: D i s r a n c e  E o  t h e  d i r e c i i o n  o r  t h e

boreho le  a :< is .

F o r  t h e  s i m p l i i l c a t j - o n  o f  t h e  c a L c u l a t i o n '

h y p o t h e s i s  o i  E q .  ( 2 )  a n d  c = l  a r e  u s e d '

u / u  =  ( P l  P - ) o . . " "  ( 2 )
' n n

Roc k

R o c k
B o r e h o l e

E i g .  7  Y a t h e n a t i c a l  n o d e l

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

a r e  a s  i o l l o w s .

: - n  D  =

\ ^ l h e r e  P :

L :

K :

q
n

n

Y,

r

z

, O t .  =  t O ,

<  r -  ,  0  < ' , z i <  z . )

|  "  \  <  t .  )

<  r .  ,  z = 0  )

p- 0

.  . .  . .  . . .  - .  ( r )
T ; b l e  I  C o o p a r i s o n  b e l w e e n  N o r ! h a r n  a n d  S o u l h e r n  p a r t

N o r l h a r n  P a r !  S o u c h e r o  P a r c

O i s c a n c e  b e l s e e n  b o r e h o l e S  <  t 0  n  _  2 5  n

c r s  d r a l n a g e  r a c l o  (  A / ( . { + B )  )  
-  l 0  Z  

-  s 0  :

c d s  o u c b u r s t  M a n Y  F e w

v o l u o e  o f  c u l t 1 n g  S o e l l -  
' L a r g e

A c c o u s E L c  e o i l i o n  s n e n  
F e u  M a n y

C a s  f l o u  . a ! e  f r o o  b o r e h o l e  0  -  l 0  l l n i o '  2 0 0  l / m i n '

U o i a x l a l  c o n P r e s s l v e  s E r e n S l h  
3  - 8 f g / c n 2  I  -  4  K g / c m z

o f  c o a l
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h h e r e , Radius  o . f  the  boreho le

l n n . r a n f  r : r l i r r c  n f  t h a

d i s c o i d a L  c r a c k

R a c i i u s  o i  u n a I f e c r e d  z o n e  b y, 2 ,

t h e  b o r e h o l e

z .  :  ! { a I f  h e j g h t  o F  t h e  c o a L  s e e
I

P , :  I n i c i a l  g a s  p r e s s u r e  i n  t h e
!

coal-  seao

C h r n " e  o F  o d s  a - a s s u r e  i n  a  c o a L  s e a t r  c a n

b e  o b t l i n e d  r y  s o l v i n g  t h e  e q .  ( l )  n u m e r i c a l L y

a n d : h e n  g a s  f l o w  r a c e  Q  c h r o u g h  E h e  b o r e h o L e

l n  L h e  o o d e L  c a n  b e  o b t a i n e d  b y  E q . ( 3 ) .

t o '

t r t

b o  t h  p a r t  s

c r o o p c r  l h , r

r L ^  L ^ - r . . ^ - ,
r ( r E  r c > L  w d )

113

4 0 0 0

1 0 0 0

2 0 0 0

t l
q  = u - a  c m  / c m- n

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

to  make c racks  in  a  coa. I  sean

t o  i m D r o v e  g a s  d r a t n a g e  r a t i o .

K = r x l u  o f r c . J

t 1

o
' o  t o

(  P r -  P  ) .  d r  d z  . . . ( 3 )

- 4  .
o a r c ' /

K = l x l o - 5 d a r c y

L O l 5 d a y s

F i g . 8  C a l c u l a t e d  a n d  m e a s u r e d  c u m u l a t i v e  g a s

f  1 o w  c u r v e  ( S o u t h e r n  p a r t )

R-ESULT OF CALCUL{TION AND DISCUSSION

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

i n  F i g . E  t o  F i g . l 0  I n  c h e s e  f i g u r e s ,  d o t t e d

l i n e s  I  a n d  2  c o r r a s o o n d  c o  c h e  u e a s u r e d  c u r v e s

s h o c n : n  F i g . L .  I n  c h e s e  c a l c u l a c i o n s , g a s

n - m e r h i  i r . t  a r  r h p  . ^ r l  c a . -  , . 6 - 1  - L ^ , , a h F  F ^L { u u 5 r ' L  L u

b e  c h e  o r d e r  o f  1 0 - 4 -  1 0 - 6  d a r c y  b a s i n g  u p o n

o u :  o c h e r  o e a s u r e m e n L .  F r o o  t h e  c o o p a r i s o n  o i

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

e u r v e s  r o L l o q i n q  d i s c u s s i o n s  a r e  p o s s i b l e .

F r o o  F i g . 3  a n d  9  r e l a t e d  t o  t h e  S o u t h e r n

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

g a s  f i o w  c u r v e  u s i n g  c o n s E a n t s  o f  q - = 0 ' 2 , f = l 0 - 6

d a r c y  a n d  r , = L 5 m  f a l l s  b e f w e e n  t h e  m e a s u r e d
' l

c u r v e s  1  a n d  2 .

F r o o  F i g . - 1 0  r e l a c e d  u i t h  c h e  l { o r t h e r n  P a r t

, i L  c a n  b e  s a i d  t h a c  t h e  m e a s u r e d  c u r y e  l -

r q r e e s  w i r h  r 5 e  c a l c u l a t e d  c u w e  u s i n g  q . - 0 .  I ,

K - 5 : < l r J  
" d a r c v , r , = i o , r ^ - l C o  

a n d  c u r u e  2  a g r e e s
' L l

w i t h  t h e  c a L c u l a t e d  c u w e  u s i n g  K = l x l 0 - { d a r c y ,

r .  = L m ,  r ^ = 2 0 o

A s  I o r  t h e  c o n c L u s i o n ,  t h e  a P p a r e n L  a r e a  o t

t h e  c r a c k  c o n s i d e r e d  i s  1 0 - 2 2 5  t i n e s  b i g g e r  i n

t h e  S o u t h e r n  p a r t  c o o p a r e c i  w i t h  t h e  N o r t h e m

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

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

5  i 0  l s d a y s

F i g , 9  C a l c u l a t e d  a n d  n e a s u r e d  c u m u l a t i v e  g a s

f l o w  c u r v e  ( S o u t h e r n  p a r t )

Sympos ium,
the Working Seam",  May 1982
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4 0 0 0

1 0 0 0

2 0 0 0

I 0 0 0
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= L 5 m

- 5

- L  - " '

K = l x l 0

^ = L \ l U  d a l c v

K = r K a u  d a t c ' /
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4 0 0

K . H I G U C H I , K . O I { G A  a n d  T ' I S O B E

o  = o  -  I  c n l  z ' c n l- n

k = l x L o - 5
C a r c Y

1 0 0
K = 5 x 1 0  

-

K = l - x l 0  d a r c v

L O l 5 d a ! ' s

! i g . l 0  C a l c u l a t e d  a n d  m e a s u r e d  c u m u l a t i v e  g a s

f l o w  c u r v e ( N o r t h e r n  P a r t )

.r.N .\TT!li?T

I E  r s  k n o m  b l r  a x p e r e n c e  t n a t  g a s  i l o w

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

; i t 5  2 - l  p o q e r  o E  t h e  d l a m e t e r  o f  t h e  b o r e h o i e '

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

r 3 L r o , . i t a m e l : e r  o f  a  b o r e h o l a  i s  e h e  b i g g e r  t n e

b e t t e r .

t s u r  a r r L l i n g  s p e e d  d e c : e a s e s  u i : h  t n e

l r ' 3 n e s s  c i  t h e  d i a m e c e r '  T o  o v e r c o m e  t h i s

p r o : L e n , a s  s h o a n  i n  F i g  I L , a n  a t ! 3 o P c  r o  s a k e

s p i i i : i n g s  a r o u n c i  a  b o r e h o l e  u s i n g  h i g a

v e L o c l t y  w a c e r  j  e t  h a s  D e e n  t e s t e d '  l a  ! f ' l s

n e : r o c l , a f t a r  t i e  t r a d r t l o a a L  d r r l t i n g  ( s a y  6 0 -

g t l m  d i : r . ) , a  n i S h  v e L o c l t l /  w a t e r  i e r ( c a ' L m

c i i a . , l O O - 7 0 0  a t m ,  l C 0 - 2 0 0  L / n i o ' )  i s  t h r o m  c o

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

o r  c i r a w i n g  a o d  r o L a f i n g  b o r i n g  r o d s ' l o  t r a k e

s o i r a L  s P l i t t i n g s  l n  c h e  c o a L  s e a o  i s  P o s s i b l e '

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

a a d  t h ' e  j e t  s h o w e d  t h a t  t h i s  ! ' a r e r  j e E  c o u L d

- ^ n a F r : t s e  : o  r h e  d e o r h  o E  l 0  c m  '

In  Japan,dr i l l rngs  o i  la rge  caameter

b o r e h o l e  ( 2 5 0 m  d i a '  )  t o  l r a v e r t  g a s  o u r ) u r s i :

h a v e  b e e n  u s e d  a t  a  l e w  c o a l -  s i n e '

B u t  l - o w  d r i L l i n g  s p e e d  o i  t h i s  f l e t h o d  l s

h i n c e r i n g  t o  a d o D t  t h i s  n e t h o d  a t  a l L  c o a L

o i n e s .  T h i s  w a t e r  j e t  n e r - h o d  h a s  p r o b a b i l i t l r

t o  i m c r o v e  i h i s  P r o b L e n '

c  o a L

i . ' ' . . -h igh  Press t re
: : q 2 1 s a  j  e t

h  i  o h  D r e s s u r e

p u m p  u n i t

F i g .  I 1 A n  a t t e n P t  t o  m a k e  f r a c : u r e s

u s i n g  h i g h  v e l o c i t ' r  w a ' e r  l e !

C O N C L U S  i O N

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

h a r d L y  g a s  p e m e a b i e '  T r e r e  a r e  f o c a l i i i e s  i n

d . e n s i t y  a n d  c o n t i o u i t ; ;  o i  t h e  c : a c k s  i n  s i - ' u

c o a l  s e a m .

T h i s  l o c a l r c y  d e c i d e s  t h e  e e s i r l e s s  o r  i h e

d i f i i c u l t y  o f  g a s  < i r a i n a g e  3 o r e h o l e  c r n  i r o ' r

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

b o r e h o l e : o , r e v e n :  g 3 s  c u ' b u : s t  l s  r e s i r l c ' e o

a c  u h e r e  : l e  c 3 a -  s e a m  c o n c a : n s  5 e l  c : a c i s  '

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

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

d r a l n a g e  r a c i o  '

F o r  o n e  e x a n D l e  c o  m a k e  i r a c f u r e s  r n  a

c o a l  s e a n , a n  a t E e m D t  b y  h i g r  v e L o c l t y  u a r e r

j  e c  w a s  i n L r o c i u c e d  '

;

b o r a n g
n a c h i n e

\.\
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D ISCUSS ION

I .  c R - \ Y  ( A . C . 1 . R . L . ) :  H o w  s u c c e s s f u l  i s  t h i s

new Japanese nove in to  tbe  hydrau l i c  boreho le

n i n i n g ?  W i l l  i t  c u t  s o l i d  c o a l  o r  j u s t  t h e

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

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

enough io  cu t  an ' ryay '  I s  tha t  cor rec t?  How

success fu l  has  i t  been? r ' r rL ra t  equ ipment  i s  be ing

used? Is  hydrau l i c  min ing  equ ipment  be ing  used

aL Sunaga l ta ,  tak ing  a  b leed o f f?  Ara  they

Japanese punps and what  sor t  o f  capac i ty - f lows

do the l r  have?

K .  H I G U C H I  ( H o k k a i d o  U n i v e r s i t y ,  J a p a n ) :  T h e

i rydrauL ic  n in ing  ins t rument  a t  Sunagawa Co l l ie ry

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

o f  l k r k k a i d o  i n s t r u m e n t .  T h i s  w a t e r  j e t  n e e d s

m o r e  t h a n  4 0 0  a t n o s  o f  w a t e r  a n d  r a t h e r  a  s m a l l

v o l u n e  o f  w a t e r '  T h e  w a t e r  j e t  i s  o n l y  I  m

d ianreLer  and on  the  bas ic  exper iment  us ing  lump

c o J l  L l l a t  w a t e r  j e t  c a n  m i g r a t e  3 0  c n  i n t o  t h e

l u n p  c o a 1 .  h h e n  t h a t  n o z z l e  l s  t u r n e d  i n  t h e

b o r e h o l e ,  a  d l s c o i d a l  f r a c t u r e  o f  u p  t o  6 0  c m

d i a m e t e r  c a n  b e  P o s s i b l e '

L .  L A I 1 A  ( K e m b l a  C o a l  a n d  C o k e ) :  C o n t i n u i n g t h i s

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

f r a c t u r e s  a r o u n d  a  h o 1 e ,  i f  t h e  f r a c t u r e s  c a n

o n l y  b e  i n c r e a s e d  t o  3 0  c m ,  c o u L d  i t  b e  a s s u m e d

t h a t  t h e  e f f e c t  o f  t h a t  f r a c t u r e  w o u l d  b e e n o u g h

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

3 0  c r  a n d  c r e a l e  a n  e f f e c t i v e  z o n e  o f  i n f l u e n c e

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

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

a n y  r e s u l t s ?  W h a t  i n c r e a s e  i n  f l o w  r a t e s  o v e r

t h e  l i f e  o f  t h e  h o l e  c o u l d  b e  o b t a i n e d ?

K .  H I G U C H I :  I s  t h e  q u e s t i o n  a b o u t  r e s u l t s  o f

f L o w  n e a s u r e m e n t s  u s i n g  t h i s  w a t e r  j e t  n e t h o d ?

R.  LA-U:  Yes  .

K .  H l c U c H I :  T h i s  o n l y  t h e  c o n c e p t '  T h e  b a s i c

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

now.  So there  are  no  resu l ts  o f  underground,

n o t  y e t .

R .  L A M A :  I s  i t  e x p e c t e d  t h a t  i n c r e a s i n q  t h e

f rac ture  zones  up  to  30  cn  cou ld  resu l t -  in

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

o r  rad ius  o f  in f luence o f  the  ho le  and e f fec t i ve

rad ius  o f  in f luence o f  the  ho le  go ing  up  to

severa l  met res?

K .  H I G U C H I :  I t  i s  e x p e c t e d  t h a t  g a s  f l o w  w l l l

i n c r e a s e .  T h e  b i g  b o r e h o l e  2 5 0  m  d i a m e t e r

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

g a s ,  s o  w h e n  t h e  w a t e r  j e t  n e t h o d  i s  u s e d  a n d

makes a  f rac tu re  in  the  seam naybe about  the

s a m e  r e s u l t s  w i l l  b e  e x p e c t e d .

J .  S H E P H E R D  ( A , C . I - R . L . ) :  I s  t h e  b o r e h o l e  s c o p e

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

how is  the  very  sharp  inc rease in  f rac tu re

dens i t l '  about  8  o r  9  n  up  some o f  these ho les

a c c o u n t e d  f o r ?  l , o o k  a t  F l g u r e  5  '

K .  H I G U C H I :  T h a t  b o r e h o l e  s c o p e  i s  a  l e n s  s v s t e m

a n d  n o t  a  f i b r e s c o p e .  S o  i t  i s  v e r y  h e a v y  a n ' l

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

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

5  m  t o  9  m  s h o u l d  b e  f r o m  a b u t m e n t  p r e s s u r e '

A . J .  I I { R G R - A V E S  ( B . H . P . S t e e f  D i v i s i o o  c o l L i e r l e s )

Are  a l l  four  examples  shown in  F igure  5  shot

f i red  head ings  or  a re  some head ings  nach ined?

K .  H I G U C H I :  A l l  a r e  s h o t - f i r e d '

C.  JEGER-M.ADIOT:  Accord ing  to  F igures  8  and ] t )

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

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

t h e  p e m e a b l l i t y  i s  l o w e r .  H o w  i s  t h e  r a d i u s  o f

the  a f fec ted  zone measured and how is  permeab i l i t - - !

mea sured ?

The  Aus . l .M . lV1 .  l l l awa r ra  B ranch  Sympos ium '
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K.  HIGUCHI :  The gas  pemeab i i i t y  was  measured

us lng  lump coa l  under  a  t r iax ia l  s ta te  o f  s l iess '

Even though the  t r iax la l  s ta te  was used when

tha t  ImP coa l  con ta ins  f rac lu re  the  resu l t  w i l l

have a  very  w ide  varaance '  The lump coa l  sample

was nade smal le r  and smal le r '  the  smal le r  the

coa l  sample  the  lower  the  gas  pemeab i l i t y  was

found.  Lump coa l  con la lns  sone c racks  and when

the sample is cut or broken the sample small-er

par t  con ta ins  less  c racks '  So gas  Permeab i l i t y

w i l l  p roceed to  the  abso lu te  bar r ie r  when the

coa l  sampLes are  made sml le r '  There  is  no

in fomat ion  about  the  rad ius  o f  the  f rac tu re

zoae .

C.  JEGER-MIOIOT:  Measured gas  f low was g iven

for  e f fec t i ve  rad ius  o f  5  m and L  m;  how was

the  rea l  va lue  o f  th ls  rad ius  de tern ined?

K,  HIGUCHI :  The do t ted '  l ines  are  the  ac tua f

measured ones '  The ac tua l  rad ius  is  no t  under -

s tood.  A  compar rson was g iven be tween the  ca1-

cu la ted  curve  and the  measured one '  Perhaps

measurement  o f  the  rea l  rad lus  is  imposs lb le '

C, JEGER-,\ 'IADIOT : Certainly the ef fective value

of  rad ius  is  no t  the  rea l  d r i l l ed  rad ius '  bu t

an  equ iva len t  rad ius  tak ing  in to  account  the

ef fec ts  o f  the  f rac tu red  zone around the  bore-

ho le .  Ex tended s tudy  w l th  the  CERCHAR computer

mode l  shows the  e f fec ts  o f  the  rad ius  on  the

f lowra te  and on  the  degas i f i ca t ion '  These

e f f e c t s  d e P e n d  o n :

-  wherher  the  seam is  permeab le  every r rhere

or  on ly  on  a  l im i ted  area  ( fo r  exampLe

above or under a Panel soon mined in

another  seam)

-  whether  the  degass ing  boreho le  31e55gs the

seam perpend icu la r ly  o r  i s  an  in -seam

dr i lLed boreho le  ( in  a  qu i te  th in  seam)  '

and fo r  the  la t le r  case whether  the  seam

is  th in  o r  th ick '

b ig  f low o f  gas ,  bu t  the  conten t  o f  gas  decreases

very  s lowly  (except  in  the  immedia te  v ic in i ty  o f

the  boreho le) .  l ^ lhen there  is  a  qu i te  h igh

grad ien t  o f  p ressure  cor respond ing  to  th is  b ig

f low,  the  gas  " rushes  fo r  the  door "  and a  b igger

s u r f a c e  o f  o u t s i d e '  r ' e '  a  b i g g e r  r a d i u s '  P e r n i t s

a higher flow' When the seam is permeable "

on ly  on  a  l im i ted  area '  rhe  conten t  o f  gas

d e c r e a s e s  i n  t i m e  ( i n  F i g '  l '  c u r v e s  l '  2

c o r r e s p o n d  t o  a  3 5  m  w l d e  d e s t r e s s e d  a r e a ) ;  t h e

f low o f  gas  is  a lso  decreas ing '  s lowly  bu t

surely, and becomes Lower than in an everyrvhere

permeab le  seam'  The grad ien t  o f  p ressure  near

the  sur face  o f  boreho le  i s  low '  A f te r  a  cer ta rn

t ime '  the  gas  does  no t  rush  fo r  the  door ;  the

rad ius  o f  the  boreho le  has  no t  a  sens ib le  e f fec t

(curves  L  and 2)  '  Never the less  th is  unsens ib i l i t y

is  h igher  fo r  a  boreho le  d r i l led  in  a  th in  seam

than fo r  a  perpend icu la r  boreho le  c ross in€ !  tne

seam,  because,  fo r  the  same sur face  o f  boreho le '

the  fLow ls  much lower  fo r  the  fo rmer  than fo r

t h e  l a t t e r .

But  obv lous ly ,  the  i tens i ty  o f  th is  phen-

omenon depends on  the  charac ter is t i cs  o f  the

seam (conten t '  i so them'  perneab i l i t y )  and on  the

ampl i tude o f  the  d i f fe rences  o f  the  cons idered

r a d i u s .

K.  NOACK (West fa l i sche Berggerwerkschaf  tskasse)  :

In  the  F igures  8 ,  9  and L0  the  cons tan ts  qn  are

g i v e n  w i t h  v a l u e s  o f  O ' I  a n d  0 ' 2  r e s p e c t i v e L y '

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

t .d " l  to*u l  p ressure '  tha t  means I  bar '  Bu t  i f

th is  i s  so  these f igures  are  very  low '  because

W.  German resu l ts  a re  abouE I  to  2  cub ic  met res

per  tonne or  even more  and there  apPears  to  be  a

d i f fe rence o f  L  o rder  be tveen the  f igures  and

German f igures '  I s  th is  so?

K.  HIGUCHI :  The va lue  was f rom resu l ts  o f  exper -

iments  us ing  Japanese coa l '  l s  the  German f igure

b igger  than the  JaPanese f igure?

Accord ing  to  Ehe resu l ts  o f  ca lcu laE ion '

i f  the  seam is  permeab le  ever la rhere '  there  j -s  a  K '  NOACK:  Yes '  ten  t imes '

The Aus ' l 'M 'M '  l l l awar ra  Branch Sympostum'
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K .  H I C U C H I :  ] l a l / b e  i t  i s  d u e  t o  a  d i f f e r e n t

k i n C  o f  c o a l '

R .  t ' I I L L I A I \ S  ( C o L l i n s v i l l e  C o a l  C o . ) :  T h i s  p a p e r

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

t h e  v a r l a t i o n  i n  p e r n e a b i l i t y  b e t w e e n  t h e  n o r t h -

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

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

1s  the  nos t  impor tan t  parameter  in  gas  dra inage

and a  mathemat ica l  mode l  has  been deve loped i : .

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

q u i t e  f a v o u r a b l y ,  T h e  p r o b l - e n  o f  l o w  p e r m e a b i l i t v

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

j e t .  M u c h  o f  t h e  w o r k  t h a t  h a s  g o n e  o n  i n  . I a D a n

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

r e s e a r c h  h e r e  i n  A u s t r a f i a .
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