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ABSTRACT

A s  a  p r e l u d e  t o  s t r d y i n g  E h e  s o r p t i o n -

desorp t ion  and permeab i l i t y  behav iour  o f  coa l

cores  in  a  t r iax ia l  s t ress ing  r lg  ds ing  sorb-

a b l  p  g d s e s '  r h e  a i r  p e r m e : b i l i t ; '  o i  t y p i - c a I

cores  was measured,  Lump coa l  samples  were

obta ined f rom th ree  gas- t roub led  co l l ie r ies  in

Queens land and New South  Wa1es.  These were

cored in  the  labora tory  and a  s inp le  labora tory

permeameter  employed wh ich  accepted  38  x  40  m

cores  in  a  th ick  rubber  sheath .  A i r  p ressure

of  500 kPa was app l led  ou ts lde  the  sheath  to

pro ' / ide  su i tab le  sea l ing  be tween the  rubber  and

t h e  c o a l .

D i f fe ren t ia l  d r iv lng  pressures  up  to  100

kPa were  enp loyed and the  a i r  f low measured by

d isp lacement  o f  water  co lums in  inver ted

g : a d u a r e d  c y l  i n d e r s .  F I o w  m e a s u r e m e n t s

a c c u r a r e  E o  +  2 7 .  - - o u l d  t h e r e b y  b e  a c h i e v e d .

Coa l  lmps were  cored  bo th  para l le l  and perpen-

d icu la r  to  the  bedd ing  p13ne,  and were  observed

p r i o r  r o  m e a s u r e m e n E  f o r  a n y  n o L a b l e  f e a t u r e s ,

i n  p a r t i c u l : r  f o r  t h e  p r e s e n c e  o F  f i s s u r e s .

Between samples  an  overa l l  var ia t ion  o f  f rom

< 0 . i  to  >  I0O mi l l iDarcy  was found in  App in ,

! {es tc l i f f  and  Le lchhard t  coa ls .  S ige i f i can t

var ia t i cn  was observed b6 th  f rom sec t ion  to

sec t ion  o f  a  core  and be tween reg ions  o f  a

l .  R e s e a r c h  F e 1 1 , o w ,  2 .  S e n i o r  L e c t u r e r ,  S c h o o i

o i  M i n i r g  E n g i n e e r i n g  &  3 .  A s s o c .  p r o f e s s o r ,

S c h o o l  o f  C h e m i c a l  E n g i n e e r i n g ,  L r n i v e r s i t y  o f

f l e w  S o u t h  W a 1 e s .

I . D .  D o i g 3

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

f o u n d  b e E w e e n  c o r e s  c u t  p a r a l L e l  d n d  p e r p e n -

d i c u l a r  t o  t h e  b e d d - i n g  p I a n e .  W i r h  c o L l  i . e r y

rhe  per reab i l i t y  o f  the  coa ls  inc reased in  the

order  l r /esLc l i f f :  App in :  Le ichhard t .  The

resu l ts  a lso  exh ib i t  sens i t i v i t y  bo th  to  hand-

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

p r e s s u r e .

A c  r h a  n o r h A ' h i  I  i  F ' '  . . ^ ^
v  r r ! L ]  w d r

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

underground,  the  dynamic  e las t i c  modu lus  was

measured fo r  the  cores  us ing  an  acous t ic

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

inc reased be tween co l l ie r ies  in  the  same order

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

t h a L  i n - s i L u  p e r m e a b i t i r v  d i I i e r e n L i r l s  m i g h r

be less  than measured here .

Coa l  f rom a  loca t ion  imed ia te ly  ad jacent

to  the  ou tburs t ing  my lon i te  zone in  the

W e s t c L i f f  c o - I l i e r y  e x h i b i t e d  h i g h e r  p e r n e -

ab i l i t y  rhan coa l  f rom the  p i t  bo t ton .

INTRODUCTION

The present  s tudy  was prompted by  the  need

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

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

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

the  sorp t ion /desorp t ion  capac i t ies  and

permeab i l i t y  o f  coa l  cores  in  a  t r iax ia l

s t ress ing  r ig .  Coa l  core  permeab i l i t y  can  be

re la ted  to  d i f fus iona l  un i t  s ize  by  geonet r i ca l

node l l ing  o f  lhe  assumed f i ssure  ne tworks ,

Taken together  w i th  the  d i f fus ion  coef f i c ienr

fo r  the  homogeneous coa l  mater la l  and conf i rn -

a t o r y  m i c r o s c o p i c  e x a m i n a t i o n  o f  p o l i s h e d
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sec t ions ,  sorPt ion  t imes (govern j -ng  exper iment

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

D i f fus ion  coef f i c ien ts  fo r  Aus t ra l ian  coa ls

had aLready been measured by Bclt 3nd Tnnes

(1959) .  There  had been severa l  overseas

s tud ies  o f  coa l  core  permeab i l l i y  Eo e i ther  gas

o r  w a t e r  ( P o m e r o y ,  e t  a l . '  1 9 6 7 ;  D a b b o u s '  e t a l ' '

1 9 7 4 ;  P a t c h i n g ,  1 9 6 5 ;  S o m e r t o n ,  e t  a L . '  1 9 7 4 : '

K r i v i t s k i i ,  e t  a 1 . ,  L 9 7 2 ;  K t z t e t s o v '  e !  a l ,  '

1 9 7 1 )  b u t  a p a r t  f r o m  P o o r l y  d o c u m e n t e d  r e p o r t s

( e .  g .  S t e w a r t ,  1 9 7 0 )  ,  t h e r e  a p p e a r e d  t o  b e  n o

r e a d i l y  a v a i L a b l e  d a t a  o n  A u s t r a l i a n  c o a l

D e r n e a b i l i t y .  T h e  P r e s e n t  s t u d y  w a s  t h e r e -

f o r e  u n d e r t a k e n  t o  p r o v i d e  P r e l i m i n a r y  l n p u t

t o  a  d a t a  b a s e  f o r  t h e  l a r g e r  p r o j e c t ,  a s  w e l l

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

: r t ion  migh t  be  fo r thcoming f rom an examinat ion

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

I t  was  rea l i sed  tha t  permeab i l i t y  cannoE

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

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

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

labora tory ,  s imu l taneous me3surements  were  a lso

made o f  the  d lnamic  e las t i c  cons tan ts  o f  the

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

eva lua t ing  the  in -s i tu  s igq i f i cance o f  Perme-

a b i l l t y  v a r i a t i o n  b e t w e e n  c o a l s .

MATERIA]-S AND METHODS

S.{YPIING AND PREPA-RATION OF IIATERIALS

Lumg coa l  samples ,  p roper ly  o r ien ted  w i th

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

r h r e o  o f  r h p  a o { r  q r c - r : o u b l e d  c o l l i e r i e s  i n

. {us t ra l ia  (The Bu l l i  Seam,  South  Sydney Bas in  -

f rom the  Westc l i f f  and  App in  Cc l l ie r les  in

N.S,W. ;  and the  Gero in i  Sean,  Bowen Bas in  -  f rom

L h e  L e l c h h a r d t  C o - L l  i e r y  i n  Q u e e n s L a n d )  .  T h e

lunps  were  cu t  !o  conven ien t  s ize '  then se t  i r -

cas t ing  p lasEer  o r  po lyure thene foam,  Preserv -

ing  or i .en ta t ion .  Us ing  var ious  ne thods ,

depend ing  on  d i f f i cu l t ies  exPe l ienced,  cor ing

was then car r ied  ou t  us ing  a  38  m I .D .  D iamanc

and Boar t  sur face-se t  concre te-d ia  b i t '  460  m

long.  Cont ro l led  water  f i cw was used fo r

1 L .

l u b r i c a t i o n  w i t h  t h e  W e s t c l i f f  a n d  A p p i n  C o a I .

A i r  a t  200 kPa was found tc  be  the  most  sa t is -

f a c t o r y  c u t t i n g  d i s P e r s s n t  f o r  E h e  Q u e e n s l a n d ,

Le ichhard t  Co l l ie ry  coa1.  Water  tended to

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

ed  mater ia l .  Some exper imenta t ion  was neces-

sary  to  ach ieve  sa t is fac to ry  core  recovery  w i th

t h e  s o t t e r  e o a l s .  C o r e s  o f  l e n g c h  l r o m  7 6  t o

150 m long were  ob ta ined th is  way '  Cores  were

Ehen washed,  bagged and cu t  in to  40  m sec t ions

using a fine dianond saw, and dried in a vacuum

o v e n  f o r  6 4  h o u r s  a t  4 0 o C  P r i o r  t o  p e r m e a b i l i t y

measurement .  The cores  were  v isua l l y  examined

for  f l ssures  and appropr ia te  ske tches  made.

PERMEABILITY MEASUREMENT

Coal  core  perneab l l i t y  was  neasured us lng

the  Hass le r  sheath- type o f  ins t rument  wh ich  1s

d e p i c t e d  s c h e m a t i c a l l y  i n  F i g .  l .  3 8  m  c o r e s

cut  to  lengths  o f  approx ina te ly  40  m were

g e n t l y  i n s e r t e d  l n t o  a  3 8  m  ( N o m .  1 . 5  i n c h )

I .D .  sec t ion  o f  th ick -wa l led  rubber  tube

( " C l a r k t s "  e l e v a t e d  s i n k  d r a i n  o v e r f l o w  m o u f d -

ing  or  "Apex-Rubber f lex"  Drench-Dra in  tube

n . o w e d  s a r ' s F a c t o r v ) .  O n e  e n d  c a p  o I  t h e  t e s t

c e I I  ( e . s . .  " E c . " ,  F i g .  l , t  w a s  u n s c r e w e d  a n d
I -

the  sheath  p lus  core  inser ted  un t i l  the  tube

s l id  over  the  pro jec t ing  boss  o f  the  o ther  enc

c a p  ( " E C ^ " ,  I i e .  l ) .  A  l i t t l e  g l y c e r o l  s m e a r e d
. L

on the  ins ide  tube end fac i l i ta ted  th is  inser t -

ion .  The de tached end cap was then rep laced,

nak ing  sure  thaE i ts  Pro jec t ing  boss  aLso s l id

ins iCe the  sheath  (conta in ing  core)  a t  the

prox iml  end.  I t  was  then screwed home"  A i r

l ine  connect ions  Eo the  ce l l  were  then made
XR *R

us ing  Swage lok  
- -  

Qu ick-connects  .  water  t rom

a pre-heated  thermosta t  ba th  was then Pumped

i n t o  a  j a c k e L  s u r r o u n d i n g  c h e  c e - L l  a n d  m a i n -

ta ined a t  a  cons tan t  leve l  above the  ce l l

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

i n d i c a t e d  b y  d a s h e d  l i n e  i n  F i g ,  1 ) .  A i r  f r o m

a cy l inder  a t  700 kPa was then app l ied  to  the

r e s u l a t o r s  ( R  , R ,  -  F - i e .  l )  ,  \  b e i n g  i n i  t  i a l  l !' L 2 r -

tu rned 
"o f f " .  R^  was then ad jus ted  to  the

z
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R U B B E R  S H E A T H

Fig .  1 .  Labora tory  permeameter  -  See tex t  fo r
d e t a i l e d  d e s c r i p t i o n

chosen sheath  pressure  (usua11y 500 kPa) ,  and

the  ce l l  observed fo r  1eaks .  A i r  p ressure  in

the chamber surrounding the sheath ensured

adequate  sea l ing  o f  the  sheath  a t  e i ther  end,

and no  f low cou ld  ever  be  de tec ted  a t  the  ou t_

f low end (B)  un less  the  in le t  regu la to r  (Rr )

was tu rned on .  A i r  to  regu laEors  "R1 ' ,  and "Rr "

passed f i rs t  th rough a  heat  exchanger  co i l  ( "C "

F i g .  I ) ,  a n d  a i r  f r o m  r e g u l a i o ,  , , i , , '  
r o  r t u  

I

t e s t  a i r  i n l e r  " A "  (  f i g .  f ) ,  p a s s e d  E h r o u g h  a

second heat  exchanger  ( "Cr , ' )  imersed in  the

the  a i r  f low measured by  t im ing  the  d lsp lace_

ment  o f  a  w3- te r  co lum in  a  g raduated  cy l inder

se lec ted  to  ensure  the  des i red  accuracy  o f

vo lme measurement  a t  the  se lec ted  f1ow.  A

quar tz  r l ig i ta l  s top-watch  was used to  measure

the  e f f lux  t lme.  The resu . l t ing  accuracy  o f

f low ra te  measurement  was o f  the  ord .er  c f  *  Z%

The pressure  gauges were  per iod ica l l y  checked

for  ca l ib ra t ion  aga ins t  ao  a t tached mercury

the  ou t f low end o f  the  tes t  ce11 us ing  a

nercury  thermometer  and shown to  be  consEant

P . S .  L i n S a r d ,  H . R - .  P h i 1 l i p s ,  T . D .  D o i g

fo r  the  range c f  fLow ra tes  neasured.  The heat

exchanger  co i l s  were  prov ided to  avo id  var ia -

t ion  o f  gas  tempera ture  a t  the  tes t  ce l l  in le r

caused by  ad iabat ic  heat  loss  across  Ehe

r e g u l a t o r s .

Typ ica l l y ,  a i r  f low was neasured a t  each o f

four  se t  ups t ream pressure  leve ls  (p r ) .  Dom-

s t r e a m  p r e s s u r e  ( P , )  w a s  i n  a I I  c a s e s  s u f f i c -o
ien t ly  c lose  to  a tmospher ic  fo r  the  d i f fe rence

to  be  ignored.  Mean pressure  o f  the  a i r  in  the

coa l  sampfe  was assumed to  be  the  mean o f  the  up_

s t r e a m  a n d  d o m s t r e a m  l . e v e l s  ( i . . .  P .  =  ( P u + P d )

,h \  ,  t ]n is  be ing  the  on ly  assumpt ion  rhar  can be

mde.  The permeab i l i t y  i s  then ca lcu la ted  f rom

che we l l -knom fo rmula  : -

K  =  o r r r  / a  / D  - D  \ D
u d m

where  Q j .s  the  ac fua l  measured f low ra te  rn

m 1 / s ,  u  i s  t h e  g a s  v i s c o s i t y  i n  c e n t i p o i s e ,  L

is  Ehe sample  length  in  cm,  A  the  sample  c ross-

sec t iona l  . r . ,  i r  . r2 .  The v iscos i ty  o f  a i r  a t

3 0 c C  w a s  f o u n d  t o  b e  1 8 3 . 3 1  c p  b y  i n t e r p o l a t l o n

f rom the  Tab les  in  the  l {andbook o f  Chemis t ry

,  and Phys ics  (CRC) .  I f  pu-pd  is  expressed in

a tnospheres ,  then the  ca lcu la ted  permeab i l l t y

(K)  i s  in  un i ts  o f  the  Darcy .

I f  there  is  no  leakage fo rward  be tween the

J 2 .

W A  T E R  \
J A C X F T - T

3o"c  i

R l

G R A O  U A T  E _ . _ l

same water  baEh.  UpsEream a i r  Pressure  was se t  coa l  and the  sheath ,  and no  s ign i f i can t  man i -

a g a i n s t  t h e  p r e s s u r e  g a u g e  f " P G r " ,  F i g .  I ) ,  a n d  f e s t a t i o n  o f  t h e  K l i n k e n b e r s  E f f e c i  r r  E h e

nan 'ometer '  The ba th  tempera ture  was min ta lned (see ober t  and Duva l l ,  1967) .  A  , 'Ter ramet r ics , ,

a t  3 0  +  0 . 2 o C ;  a n d ,  d u r r n g  a  p e r i o d  o f  i n i t i a l Son ic  Ve loc i ty  ins t rument  was employed equ lpped
se l t ing  uP,  the  gas  tempera ture  was measured a t  w i th  shear  wave t ransducers .  From the  shear

c h o s e n  p r e s s u r e s  ( K l i n k e n b e r g ,  l 9 4 l ) ,  a  p l o r  o f

Q '  =  Q/Pn ( the  ac tua l  f low w i th in  rhe  core) ,

versus  the  pressure  drop  (p r -p .  )  shou ld  g ive  a

l inear  re la t ion  as  shom in  the  typ ica l  example

o f  F i g .  2 .

DYNA}IIC EIASTIC CONSTANTS

These were  ob ta ined by  measurement  o f

shear  and long i tud ina l  wave ve loc i ty  o f  sound

a long the  core  us ing  an  es tab l i shed techn ique

and long i tud ina l  wave ve loc i t ies  (V"  and Vr ) ,

a n d  t h e  s a m p l e  d e n s i t y  ( p ) ,  p o i s s o n r s  r a t i o  ( , r )

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, ' ,  l \4ay l9g2
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K =  9 2 7 m D o r c y

F i g .  2 .  N o r m a l i s e d  a i r  f l o w  r a t e
p r e s s u r e  d r o p  f o r  t y p i c a l  c o r e ,  p
p r e s s u l e .

a n d  t h e  d m a m _ L c  y o u n g ' s  m o d u l u s  w e r e  c a l c u l a t e d

t r o m  t h e  f o l l o w i n g  f o r m u l a e : -

= (rt, - ,r: )/z$tr - u3r

=  p v |  0  +  . ; ) ( 1  -  2 v ) / ( l  - v )

RESULTS

FLOW RATE_PRESSURE DROP REIATIONS

F i g s .  2 - 4  s h o w  t y p i c a l  n o m a l i s e d  f l o w

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

neasured f low ra te  i s  normal ised  to  the  mean

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

f l o w  ( 1 . e .  Q '  =  Q / P _ ) .  F i g .  2  s h o w s  t h e  l i n e a rm
re la t ion  ob ta ined when measurement  i s  con f ined

in  the  range o f  ups t ream pressure  (p r )  f rom

0-100 kPa.  F ig .  3  shows what  happens i f  the

ups t ream pressure  is  enough to  p roduce some
" l i f t - o f f I  

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

P , S .  L i n g a r d ,  H . R .  p h i 1 1 1 p s ,  I . D .  D o j . g

p  =  5 A t
rn l^

n . "

\ ) .2

o . l

( Q ' )  v e r s u s

s  
=  sheath

R -  P d  A r
F i g .  3 .  N o r m a l i s e d  a i r  f l o w  r a r e  ( Q '  =  a / p  )
v e r s u s  p r e s s u r e  d r o p  f o r  u p s t r e a m  p r . " " . a "  t

g r e a t  e n o u g h  t o  p r o d u c e  p a r t i a l ' , 1 i f t _ o f f , ,  o f
rubber  sheath .

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

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

apparent ly  b i - l inear  re la t ion  is  a  typ ica l

f ind ing  when e i ther  e las t i c  par t i c les  in  a

f lu id  env i ronment  a re  squeezed th rough r ig l t l

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

tubes ;  and converse ly ,  when f lu id  i s  fo rced

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

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

t u b e  ( L i g h c h i l  1 ,  1 9 6 8 )  .

F i g .  4  s h o w s  t h e  e f f e c t  o f  s h e a t h  p r e s s u r e

in  the  range cons idered,  even though the  f low

r a a e - p r e s s u r e  r e l a t l o n  i s  s t i l l  l i n e a r .  T h l s

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

b y  t h e  a p p l i e d  a l r  p r e s s u r e .  I n d e e d ,  s i g n l f i _

cant  c i rcumferent ia l  compress ion  o f  typ ica l

cores  has  been conf i rmed us lng  s t ra in  gauges in

t h e  p r e s e n t  s t u d y  ( F i g .  5 ) .  C l e a r l y ,  s o m e

compress ion  is  necessary  to  ensure  sea l ing

between the  core  and sheath ,  hence the  sheath

pressure  a t  wh ich  measurements  a re  made must  be

s tandard ised a t  a  leve l  su f f i c ien t  fo r  sea l lng

wi th  the  max imun ups t ream pressure  app l ied .  I t

was  found fo r  most  o f  the  samples  s tud ied  in

r 5

O

\.{
o .4\ Y C  2 A I  2  F

ml/s

? -- srt.

0 5 ^  t o
Y - [ A '

and

E

r ne  p resen t  se r i es  t ha t  l i nea r ,  t i ne_
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7 4 . P . S .  L i n g a r d ,  H . R .  P h i 1 1 i p s ,  I . D .  D o i g

o
v ' a

L L 2 A 2 2

mlf  t

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

d i d  a p p I y .  I n  s o m e  t e s t s ,  h o w e v e r ,  a  d e t e c t -

ab le  fa l l  in  f low ra te  was observed w l th  t ime.

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

n F  n n r o  n o o n r o e c i n n  / , r r  i n o  t h p  q n n l  i n : t  i n n  n F

s h p a r h  n r e s s r r r p  ( P  )  -  h u E  t h e  e f  f  e c t  r e m i n s

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

PERMEABILITY ST.A.TISTTCS

A  r ^ i : 1  n F  7 l  n o r n p : h i l i r r r  m a r e , r r p m a n r q

w a s  m a d e  o n  i n d i ' r i d u a l  c o r e s .  T h e  m a j o r  f i n d -

r e l e v a n t  s c a t i s t i c sr u t s >  d !  c

i n  T a b l e s  I - 4 .

T h e  T a b l e s  L i s t  t h e  m e a n s ,  s t a n d a r d

dev ia t ions  (SD) ,  s tandard  er rc rs  o f  the  means

( S E ) ,  n u r n b e r  o F  c o r e s  ( N )  a n d  c o e f f i c i e n t s  o f

v a r i a t i o n  ( C . V . Z )  f o r  e a c h  c l a s s .  I n  T a b l e  I

d a c a  f o r  a L I  c o r e s  l r o n  e a c h  c o L L l e r y  a r e

compared,  and then subd lv ided in to  resu l ts  fo r

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

o r i  g i n a L  b e d d i n g  p i a n e ,  r e s p e c t i v e L y .  T a b i e  2

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

cores  w i th  and w i thou!  v lsua l  ev idence o f

f i s s u r a t i o n  ( i . e ,  f i s s u r e s  o f  w i d E h  >  c a .  0 , 0 5

m)  .  In  Tab le  3 ,  the  var ia t ion  be tween

4 0 0

t
"a) n

2 0 0

r o o

o 3 ^ 4
l i  At .

I ' i g .  5 .  c i rcumferent ia l  s t ra in  de tec ted  in

t y p i c a l  c o r e  a s  s h e a t h  p r e s s u r e  ( P . )  c h : n g e s .

sanp l ings  f rom lump to  lump is  shom fo r  d i f fe r -

e L r t  c o l L i e r i e s , : n d  f i n a l i y  T a b l e  4  s h o w s  t h e

observed var ia t ion  f rom 40 m secL ion  to

sec t ion  a long severa l  s ing le  cores .

Io r  the  lbb les  Ewo comon s ta t i s t i ca f

parameters  have been ca lcu la ted  and are  a lso

shom.  These are  ' s tudenL t  s  t  " t "  and the

P - o b a h i l  i r "  ( P )  f h a t  t h e  c i i f f e r e n c e  t e s t e d

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

compared are  ind ica ted  as  to  loca t ion  by  the

d i r e c t i o n  o f  t h e  s n a l 1  a r r o w s '  v i z  +  " t " ( P ) +

o r  t  " t " ( P )  . l  I n  t h i s  E e s t ,  a  P - v a l u e  o f

less  than Lhe s ta ted  percentage ind ica tes  Lhere

is  less  than tha t  percentage chance o f  the  Ewo

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

DYNAMIC ELASTIC MODULUS

Sta t is t i cs  fo r  the  d lnamic  e las t i c  modu lus

( E )  a n d  P o i s s o n ' s  r a t i o  ( v )  d e r i v e d  f r o m  s o n i c

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

r n q  ?  a n d  i  a - p  l i q t e d  i n  T a b l e s  5  a n d  6 .

Tab le  5  g ives  comparab le  da ta  to  those j .n  Tab le

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

the  resu l ts  fo r  the  d i f fe ren t  coa1s ,  bo t .h  w i th -

ou t  d is t inc t ion ,  and subc lass i f ied  as  cores

P,a '
4

5
7

o-  o -
Dt ,

r r 5 . q .

D n  f  L o w  r a E e  q  a E  s e r l e s

t . o
- rd Ar.

c h a . f h  n r o < < 1 , r >  / P  \" " : * : " . ' : - " - * - -  ' ' s '
oI  ( r rvrng pressures
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P . S .  L i n g a r d ,  I { - R .  P h i . l l i p s ,  I . D .  D o i g

T a b l e  l . Perneab i l i f y  o f  Aus t ra l ian  Coa ls

w i t h  c o m p l e t e  s t a t i s t i c s

T a b l e  2 .  E f f e c t  o f  f i s s u r e s  o n  p e r m e a b i l i t y

o f  some Aust ra l ian  Coa ls

Permeab i l i t y  n r i l l  iDarcys

Co11 ie ry
C o d e

Para l le l
T o  B . P .

C n l  I  i  e r v

C o d e

Data .  Perpen-  <"8"+

d i c u l a r  + ( P ) +

t o  B . P .

V i s i b l e  .  t ' )  - V i s i b l e

F i s s u r e s  - ( P ) -  F i s s u r e s
A11 A l l

Mean :

SD
S E :

\ t .

c . v . z
t  , , . , , , r \  rI  L  \ r / V

l{ean :
S D ;
S E :

N :
c . v  . ' a

A  " r " r p )  |
I  '  . , V

Mean :
S D :
S E :

\ T .

c . v  . z

0 . 9 6 5
r . 2 ? 5
0  . 3 6 9

( 1 2 )
1 2 1

3 . 8  ( < 1 2 )

L 9 .  r 2 2
3 3 . 7 9 3
B  . 4 4 8

( 1 7 )
111

2 . r ( - s z )
6 . 8 1 1
6 . 1 5 r
2 . 7 5 6

( 1 )
9 9

0 .  6 9 0
0 . 9 4 6
0  . 2 r 2

( 2 1 )
t31

1 .  1 3 5
0 .  5 0 7
0 .  t 4 6

( 1 3 )
4 5

3 . 2 1 8
3 . 7 9 4
1 . 6 9 7

( 6 )
r 1 8

3 .  1  9 3  4 . 8 6 4
5 . 8 3 1  t  . 2 0 2  ? . 1
1 . 1 2 2  1 . 8 5 9  ( - 5 " A )

( 2 8 )  ( 1 6 )
1 8 3  r 4 8

4 . 4 ( < 0 .  r " I )  2 . 1 ( - 5 2 )

1 5 .  r 5 9  9 . 5 4 4

r o  . 7  0 2
7 . 6 2 6  1 3 . 6
3 . 1 1 3  ( < 0 . r 2 )

( 7 )
7 t

2 6 . 5 5 4
3 3 . 8 6 9  5 . 4
8 . 7 4 5  ( < 0 . 1 2 )

( 1 6 )
t28

5 9 . 8 5 5
I 1 5 . 1 1 0  2 . 4
43 .  508  (<57 " )

( 8 )
192

2 8 . 2 5 7  1 5 . 6 3 4
5  . 3 2 1  4 . 7  L 4
(2e) (r2)
186  239

2 . 3 ( < 5 2 )  3 . 2 ( < r " t )

3 5 . 5 8 2  6 4 . 3 5 4
9 r . 4 5 1  1 2 2 . 5 7 9
2 5 . 3 6 4  5 0 . 0 4 3

( 1 4 )  ( 7 )
2 5 1  1 9 1

1 . 9
(NS  )

K e y : -  " W C "  =  W e s t  C l i f f  C o l l i e r y ,  N . S . W " ;
" A ? "  =  A p p i n  C o l l i e r y ,  N . S . w . ;  I ' L L ' '  =

L e i c h h a r d t  C o l l i e r y ,  Q u e a n s l a n d .

perpend icu la r  and para l le l  to  the  bedd ing

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

m o C u l u s  i s  s h o m  i n  T a b l e  6 .

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

t h e  d v n a m i n  i h i l i r "  - ^ / " 1 " - . -  i - ^
L J \ | L L J

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

lb i l i t i es  fo r  th .e  coa ls  f rom Tab les  5  and 6

o n a  " q a q  r \ e  r e . i - r n e r l e  n f  t h e  r r e l r p e  o i r r p n

Al though j r -s l tu ,  coa l  underground is  sub-

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

s f a l  i c  . ^ m n r a e c i h i l  i r v  i c  r h a  n . r . m o t s a r

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

permeab i l i t v ,  Evans  anC Pomeroy  (1966)  showed

i n  a  , t u d v  o f  Y o r k s h i r e  c o a l s  ( B a r : s I e y  H a r d s )

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

h i o h p r  f h r n  r h c  . r z r ; .  - . ;  ' l ' , c  i r  i c  i l n - i -

F ^ - - r  "  - ^  . ^ - - - '  i  - ^ - ^  m a . l p  r r q  i n o  f h p  ^ n a.  uu ' t rPd r

n : r : m e r p r  e h n r l , J  t h ' r <  h o  : n n l  i . : h 1  o  F ^  r h o

c ther  and v ice  versa .

"LL"

D I S C U S S I O N

T a k e n  t o g e t h e r ,  t h e  d a t a  s h o w  d i f f e r e n t

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

f h e i r  e l a s t i c  m o d u l u s  (  ,  I / c o m p r e s s i b i l  i t y )

a n d  p e r n e a b i l i t y  t o  a i r  F l o w  u n d e r  t h e  d e f i n r .

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

. L i l i r , '  i -  l . r ^ - +  a l i + ao u r l l L J w l l ] | ! ^ P P r L l

c o a l .  T h i s  i s  a l s o  r h e  o r d e r  i n  w h i c h  c o m p r e s -

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

5 ) .  H o w e v e r ,  t h e  r a t i o s  o f  i n c r e a s i n g  p e r m e -

ab i l i t y  be tween the  App in  and Le ichhard t

c o l l i e r i e s  r e l a t i v e  t o  W e s t  C l i f f  a r e  m u c h

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

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

d i f fe rence be tween the  permeab iL i t ies  fo r  two

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

b e d d i n g  p L a n e  f o r  t w o  c o l L i e r i e s  ( l t e s f  C l  i t f

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

there  was no  s ign i f i can t  d i f fe rence be tween the

e las t ic  modu lus  da ta  fo r  the  two groups  (Tab le

5 ) .

However ,  when the  da ta  a re  sp l i t  in to

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

2 . 5
(<52 )

The  Aus . l .M .M .  l l l awa r ra  B ranch  Sympos ium,
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P . S .  L i n g a r d ,  H . R .  P h i 1 1 i p s ,  I . D .  D o i g

T a b l e  3 . Permeab i l i t y  var ia t ion  w i th ln
co l l  ie r  ies

Tab le  4 .  Perneab i l l t y  o f  s ing fe  cores  sec t io r reC
a l o n g  t h e i r  l e n o t h .  a t  s u c c e s s i v e
interval s

Sample  No.
Co l l ie ry  Sample  +r r t "+

C o d e  N o . 1  + ( p ) +
Sanp le  +r r t "+  Sample

N o . 2  + ( P ) +  N o . 3

M e a n :  7  . 5 9 1
S D :  7  . 6 6 4  I 0 .  9" w C "  S E :  2 . 5 5 5  ( , 0 . f i ! )
N :  ( i 0 )

c . v . ' t  1 0 1

M e a n :  3 I . 6 6
S D :  3 7 . 3 3  4 . 2

" A P "  S E :  1  1 . 8 1  ( < L Z )
N :  ( 1 1 )

c . v  . z  I  1 8

]4ean :  O .286
S D :  0 . 1 7 9  I . l

" L L "  S E :  0 . 1 7 9  ( N S )
N :  ( 2 )

c . v . z  6 3

0 . 4 7 6
0 . 1 2 6  0 . 8
o . 9 7 3  ( N S )

(4 )
2 1

r . 2 7 7
0 . 3 2 0
0 . 1 4 3

( 6 )
2 5

4 r . 4 6 5
9 7  . 5 4 5
? 9  . 4  t \

( r2)
235

0 .  8 2 8
2 .  t 2 7
0 .  0 5 9

( 1 4 )
2 5 1

A  0 1  1

I 5 . 0 0 5
+  ,  ) z )

( 12 )
2 r5

trc4A2lF
VIC4A22
wc4A23
\tc4A24

AP382 1
AP3822
AP3B23

LL2B1  IF
LLzBL2
LL2BI3
LLZBT4
LL2B 1 5F

L 4 6
0 . 1 1 9
0 .  088
0 .  5 1 3

0 . 8 0
0  . 4 3
l -  . 44

9 . 3 1
3 . 9 9
2  . 3 6

1 t . 2 0
2 0 . 3 0

1 . 9 7
(NS )

K e l / :  " W C "  =  W e s t c l i f  f  C o l l i e r y ,  N . S . t ^ / . ;  , ' A p "  =
. {pp in  Co l l ie ry ,  N .  S . t^ r .  Le ichhard t
C o l l i e r y ,  Q u e e n s l a n d .

f i s s u r e s  ( n o t  f r a c t u r e s  -  v i z .  c o r e s  s t i f l

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

p e r m e a b l l i r y  ( T a b 1 e  2 ) ,  b u t  n o t  o f  e l a s t i c

m o d u l u s  ( T a b l e  6 )  i s  t h e n  o b s e r v e d .  W i t h o u t

f i s s u r e s ,  t y p i c a l  p e r m e a b i l i t y  l i e s  b e t w e e n  0 . I

and 5  nDarcy ,  the  range be ing  w ider  fo r  the

n o r e  o b v i o u s l y  f i s s u r e d  c o r e s  ( 3  -  1 g O  m D a r c y ) .

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

fLow o f  gases  is  we l l -knom in  re la t ion  to  over_

seas  coa ls ,  and i t  goes  w i thout  ques t ion  tha t

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

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

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

coa ls  wt r i ch  shows the  magn i tude o f  the  f i ssure

e f f e c t  o n  p e r m e a b i l l t y .  T h e  t e r n  " V i s i b l e "

f l s s u r e s  m e a n s  t h o s e  a p p a r e n t  t o  t h e  n a k e d  e y e ,

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

s u r e s ,  n o r  v i s i b l e  t o  t h e  e y e  ( v i z ,  0 . 5 _ 3 0  u n )

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

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

now be ing  inves t iga ted .  Remova l  o f  the  perme_

a b i l i t y  d a r a  f o r  f i s s u r e d  c o r e s  ( T a b l e  2 )

revea ls  tha t  bo th  w i th  and w i thout  v is ib le

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

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

T h e  c o e f f i c i e n t  o f  v a r i a t l o n  ( C . V . Z  =  t 0 0 Z

x SD/Mean)  i s  very  la rge  fo r  bo th  permeab i l i t y

a n d  e l a s t i c  m o d u l u s "  T h i s  i s  a  m e a s u r e ,  e x p r e s -

s e d  a s  p e r c e n t  o f  m e a n ,  o f  t h e  s p r e a d  o f  6 5 2  o f

sampled  va lues  on  e i ther  s ide  o l  the  mean.  I5

descr ibes  the  inhomogene i ty  o f  the  sample

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

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

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

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

pa lamet  e r  ,

A  component  o f  the  above var ia t ion  in

perneab i l i t y  a r ises  bo th  f rom wi th ln  an  ind i -

v i d u a l  c o r e ,  s e c t i o n e d  a t  a p p r o x l m a t e l y  4  c n

in te rva ls  (Tab le  4 ) ,  and be tween cores  cu t  f r {Jm

lump coa l  taken f rom d i f fe ren t  loca t ions  w l th in

a  c o l l i e r y  ( T a b t e  3 ) .

A lso  coa l  f rom wi th in  the  same seam ( the

B u 1 l 1 ,  N . S . W . )  b u t  f r o m  d l f f e r e n t  g e o g r a p h i c a l

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

as  shom in  Tab le  t .  Coa l  perneab i l i t y

(and to  a  lesser  ex ten t  the  e las t i c  modu lus)

there fore  var ies  bo th  on  the  nacro-  and the

m i c r o - s c a 1 e .

The s tandard  dev ia t ions  and coef f i c ien ts  o f
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P . S .  L i n g a r d ,  H . R .  P h i 1 1 i p s ,  I . D .  D o i g

T a b l e  5 , Dynamic  e las t i c  modu lus  and Po issonrs  ra t io
s t a t i s t i c s

fo r  Aus t ra l ian  coa ls  -  w l th  conp le te

D l m a m i c  Y o u n g ' M o d u l u s ,  E ,  M P e

C o d e
A11 Data

d icu la r

€ r t  t  
t r +

( P )
P a r a l l  e 1

t o  B .  P .

P o i s s o n ' s
r a t i o

rYean:
S D :
S E :

N :
c . v  . z

| " r " ( P r  r' t

Yean :
S D :
S E :

N :
c . v . " l

i " t " ( p )  ,+
Mean :

S D ;
, ' L L . .  S E :

N :
a \ t " /

3636
r604
2 8 8

(32)
4 4

2 . 5 5  ( < 5 7 )

2920
2555

586
( 2 0 )

88
s . 8 ( < 0 . 1 2 )

938
9 t4
244

( r s )
9 7

3 1 7  9
L 7  5 2

402
(  2 0 )

4 6
r  . 0 s  ( N S )

3304
3 5 1 5
1.243
(e )
1 0 6

3  .  B  (< r7 " )

7 9 4
482
r91
( 7 )
6 1

3399
r286
3 8 9

(  r 2 )
3 8

3 .  0  ( <  1 2 )

2605
1 2  3 8
3 9 2

( 1 1 )
4 8

s . 4 G A . r 7 , )

1 0 6 5
I  1 5 3
4 3 6
( 1 )
1 0 8

0 . 2 6 0
0 . 1 3 5
0  . 0 2 4

( 3 2 )
5 2

4 . 2 5 ( < 0 . 1 7 )

0 . 3 3 4
0 , 1 0 9
0 . 0 2 5

(20 )
3 3

0 .  05  (NS  )

0 . 3 3 5
0 .  1 3 6
0 .  0 3 5

( 1 5 )
3 9

1 . 3
(NS )

l . z
( N S  )

1 . 1
(NS )

K e ) / :  " w c "  =  w e s t  c l i f f  c o l l i e r y ,  N . s . w .  A p p i n  c o l f i e r y ,  N . s . t r . l .  L e i c h h a r d t
C o l L i e r y ,  Q u e e n s l a n d .

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

da ta  assuming a  normal  d is t r ibu t ion  o f  Lhe

p e r m e a b i l i t y  v a l u e s .  A  f r e q u e n c y  p l o t  o f  t h e

p e r m e a b i l i t y  i n  a l l  c a s e s  r e v e a l s  t w o  p e a k s .

There  is  a  sharp  one wh ich  is  we l l -de f ined in

the  0-10  mi l l i -Darcy  range,  and a  1ow broad

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

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

a n r l y s  i s  h a s  y e t  c o  b e  p e r F o r r e d ,  c h e  i n d i c a t -

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

ion  o f  coa l  permeab i l i t ies  i s  skewed,  the

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

low end.  No permeab i l i t ies  a re  found,  however ,

b e l o w  a b o u t  1 0  
-  

D a r c y .

I t  m a y  b e  h a z a r d o u s ,  a t  p r e s e n t ,  t o

a t tempt  to  re la te  the  above d l rec t l y  to  under -

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

c l e a r l y  d e s i r a b l e .  O n e  c a n  s t a t e  c o n c l u s i v e L y

b o t h  f r o m  F i g .  4  a n d  I i n d i n g s  o v e r s e a s  o n

Derbysh i re  sands tones  and Pennsy lvan ian  coa ls

( M o r d e c a i  a n d  M o r r i s ,  1 9 7 4 ;  S o m e r t o n ,  e t  a f . ,

1 9 7 4 ) ,  t h a t  t h e  i n - s i t u  p e r m e a b i l i t y  o f  c o a l

s u b j e c t  t o  s t r e s s  w i - L I  b e  v e r y  m u c n  I e s s .

Assum; 'ng  Ehat  resu l tan t  in -s i tu  s t ress  is  o f

t h e  o r d e r  o f  2 0  M P a  ( 3 0 0 0  p s i )  t h e  d a r a  o f

Somer ton  e t  a l .  fo r  P i t t sburgh and Pocahontas

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

I 0 - 1 0 0  t i m e s  w o u l d  n o t  b e  u n r e a s o n a b l e .

Measurements  to  be  mde shor t l v  a t  the  Un ivers -

i t y  o f  New South  Wales  on  Aus t ra l lan  coa ls

u s i n g  a  h i g h  s c r e s s  t r i a x i a l  t e s t i n t s  r i g  w i l l

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

An impor tan t  fac to r ,  no t  made c lear  in  the

Amer ican s tudy ,  was  the  in te rac t ion  be tween

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

o l  c o a l  c o n p r e s s i b  L l i  t v .  U n d o u b f e d l y ,  o n e  c a n

e x D e c l  f h e f  . o r l e  ^ F  h i o h  e n n n r o c c i h i l  i r 'r v r r r L J

( s n a l l  E - v a l u e  i n  T a b l e  5 )  w i l l  c l o s e  u p  m o r e

t t n d e r  a  g i w p n  q f r e c c  : n d  : . h i p v a  I  m . r p  c i o n  i -

F i c a n t  r e d u c t i o n  o I  p e r m e a b i l i E y .
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-V is ib le

Alr

Tab le  6 .  E f fec t  o f  f i ssures  on  dynamic  e las t i c

modu lus  (E)  o f  Aus t ra l ian  coa ls

Dlnan ic  Young 's  Modu lus  l@a

P . S .  L i n g a r d ,  I t . R .  P h i l l i p s ,  I . D .  D o i g

the  de ta i led  pred ic t ion  o f  in -seam gas  nove-

r p n r q  i n  a n v  s i n s l e  e o l  I  i p r v  v r n ' r  q  r r p  y '  ' r r

L c Y u , L s u  c ^ P r u L d L l u i l  5 u L V c )

fo r  the  above a im to  be  approached.

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

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

between co l l ie r ies ,  f rom po in t  to  po in t  w i th in

a  seam,  and on  a  mic ro-sca le  w i th in  the  space

of  the  few hundred mi l l l l i t res  o f  coa l  compr is -

ing  a  typ ica l  long  core .  In  the  pred ic t ion  o f

gas  movement  there fore ,  lL  seems tha t  the  group

average permeab i l i t y  fo r ,  say  0 .5  m3 o f  coa l

wou ld  s ign i fy  the  genera l  leve l  fo r  a  par t i cu-

l a r  r e g i . o n .  T h e  p r e s e n t  d a t a  s h o w  ( T a b l e  3 )

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

sampl ings  on  th is  sca1e.

However ,  one cannot  avo id  be ing  p lagued by

uncer ta in ty  tha t  the  method o f  co l lec t ion  o f

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

ed  to  recent  s t ress  cyc l ing  caused by  excavat -

i o n  f r o m  a  r e g i o n  s u b j e c t  t o  a b u t m e n t  s t r e s s e s )

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

some o f  the  f i ssures  present  may no t  have been

t h e r e  i n  t h e  v i r g i n  c o a l ,  L i k e w i s e ,  o n e  i s

fo rced to  be  se lec t ive  in  sampl ing  dur ing  cor -

i n g .  F o r  e x a m p l e ,  n e a r l y  a l l  t h e  t e s t s  o n  t h e

Le ichhard t  coa l  come f rom one o f  on ly  two lumps

k ind ly  supp l ied  by  the  co l l ie ry .  Cor ing  in  the

in i t ia l  s tages  was h igh ly  unproduc t ive  o f  any-

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

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

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

The on ly  f i rn  conc lus ion  tha t  can  be  made

a t  p r e s e n t  i s  t h a t ,  a s  t e s t e d ,  t h e  p e r n e a b i l -

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

reg ions  w i l l  p robab ly  vary ,  para l le l ing  those

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

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

ab i l i t y  re la t i ve  to  lnd iv idua l  var ia r ion  o f

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

- i s  b e i n g  c o n d u c E e d  b y  t h e  a u t h o r s  a t  t h e

Univers i ty  o f  New South  l . {a les .

+  V i s i b l e  + r r t r r +
F issures  + ! 'Pr r+

A l l

Mean :
S D :

"wc"  sE:
\ T .

c . v  . z

Mean :
S D :
S E :

N :
c . v  . " t

Mean :
S D :

, ' L L ' '  S E :
N :

3252
1 5 8 7
648
( 7 )
4 9

2.124
r 5 5 9
6 9 7
( 6 )
1 3

6 8 0
496
r B 7
( B )
1 3

1 . 7 5
(NS )

3 7  4 4
r592
325

(25 )
4 3

3 2 6 0
2 8 I 0

1 7 9
( 1 4 )

8 6

L233
r 1 6 0
4 7 4
( 7 )
94

2  . 0 3
(Ns )

2  . 4 6
( s7")

K e y :  " l i C "  =  W e s t  C l i f f  c o l l i e r y ,  N . S . W . ;  " A p "
=  A p p i n  c o l l . i e r y ,  N . S . W . ,  ' r L L "  =  L e i c h h a r d t
c o l l i e r l r ,  Q u e e n s l a n d .

O n  t h i s  b a s i s  o n e  n i g h t  e x p e c t  t h a c  t h e

f r o m  5 - 1 I  f o L d  d i f f e r e n c e  i n  p e r n e a b i l i t y

b e t w e e n  t h e  W e s t  C l i f f  a n d  A p p i n  c o a l  w i l l  b e

r e d u c e d  u n d e r  i n - s i t u  s t r e s s  c o n d l t i o n s .

U n d e r  t h e  s a m e  c o m p r e s s i v e  f o r c e ,  t h e  d e f o r m -

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

3  t i m e s  t h a t  o f  t h e  W e s t  C l i f f  a n d  A p p i n  c o a l s

( T a b L e  5 )  ,  b u t  w i t h o u t  m o r e  e x t e n s i v e  d a t a  a n d

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

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

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

CONCLUSIONS

I t  p resumably  s tands  w i thout  ex tens ive

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

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

improved unders tand ing  o f  in -seam gas  movement ;

as  we lL  as  the  novement  o f  gases  be tween the

seam and ad jacent  s t ra ta .  The present  da ta

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

t h r e e  d i t f e r e n t  c o l l i e r i e s .  O n J y  i n  L w o  c a s c s

n a r r l  l e I  f o  t h e  b e d d i n p  . l : - p  l .  c c  r h r n  r h : r  n f

I  h c  . o r e c  c o r e d  o e r o e n d i c u - L a r .  l n  t h e  o f h e r

f h o  A n n i n  l - n l l i e r . - ^ - ^ -  r ,  r ' - ^  ! L  . l L .
. - ^ - - )  c a s e ,  I  L  w a s  L n e  J L n E r

way around.  So there  nay  be  some var ia t ion  in

t h e  d i s t r i b u t i o n ,

) , 1 o ,  t h e r e  i s  n o  p r e s e n r  i n c e n t i o n  o F  g e t c i n g

i n f ^  i n - e a . m  n p r m o r h i l i r "  - ' ! ! i i ^ .  T L : ^  - . . .  q
^ .  - L y  s L u o I e s .  - n ! 5  r o \  o e

c n m a r h i n o  F ^ r  r h p  F , , r , , r , r ' r  P r c > c u L  > L u u )

D I S C U S S I O N

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

K .  N O A C K  ( W e s t f a l i s c h e  B e r g g e w e r k s c h a f t s k a s s e ,

[ . l e s r  C e r n a n y )  :  B e r g b a u - F o r s c h u n g  a r e  d o i n g  a

l o t  o f  w o r k  w i E h  p e r m e a b i l t t y .  T t  h a s  b e e n

n r v  r r r l r r p s  t o  i n - c : F r  c i t u a t i o n s .  A s  a  r e s u - I t

R o r o h r r , - F n r c e h r r n o  h r c  h a o , , n  i ^  d e r r o l o ^  m p r h n . l .i i e e  v u b e r r  L v  e ! v s - u l

F o r  m e a s u r i n g  p e r m e a b i l i t y  i n - s i t u .  t s  i r

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

r ! f L y  P d L d f r e

t h a n  n e r n o n r J i c , r l q ru e u u  r r r S  P  r  d r r e >  ! 5

B e r g b a u - F o r s c h u n g  h a s  f o u n d  q u i t e  t h e  o p p o s i t e

o f  t h i s  r e s u l t .  C o m e n t  o n  t h i s  w o u l d  b e

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

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

t o  s t r e s s  c o a l  i n  t h e  l a b o r a t o r y  t r i a x i a l l y ,

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

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

t o  e s t l n a t e  e x p e r i m e n t  t i m e s .  T h e  p e m e a b i l i t y

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

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

w h a t  h a s  b e e n  d o n e .  O t h e r  p e o p l e  r e p r e s e n t e d

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

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

C.  JECER IL \DIOT (CERCIL{R,  France) :  Accord i ,ng

to  the  observa l ions  and measurements  made in

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

i t y  o f  t h e  s e a m s  i s  n a t u r a l l y  v e r y  1 o w  ( 1 e s s

t h a n  0 . i  n d )  w h i l e ,  i n  s o m e  o t h e r  c o u n t r i e s ,

c a n  b e  q u i  r e  b i g  ( m r e  t h a n  I  t o  5  n d )  .  T h a t

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

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

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

n i n i n g .  N e v e r t h e l e s s ,  i n  s o m e  s l t u a t i o n s ,

European searu  can become permeab le :  when

d e s t r e s s e d  b y  o v e r l y i n g  o r  u n d e r l y i n g  w o r k i n g s

a s  w i l l  b e  p r e s e n t e d  l a t e r ,  O n 1 - - r  i n  t h l s

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

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

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

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

z o n e s  i s  t o o  I a r B e ,  T h o s e  z o n e s  c o u l d  b e

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

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

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

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

deve loped by  CERC[^ ,R,  s in i la r  to  the  work

d e s c r i b e d  b y  H e n a l a  a b o v e .

A f t e r  t h e  e x p e r i n e n t a l  a n d  t h e o r e t i c a l

s t u d i e s  o f  c u n t h e r ,  C E R C I T A R  s e l e c t e d  p h 1 . s i c a l

P  .  S  .  L i a g a r d ,  H . R .  P h i 1 1 i p s ,  I . D .  D o i g

laws fo r  the  node l l ing :  the  Darcyrs  law

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

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

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

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

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

decreas ing  o f  mean gas  conten t  can  be  taken

r n E o  a c c o u n t .  I o u r  p r o g r a r e  w e r e  d e v e l o p e d :

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

-  f low to  a  roadway in  a  th ick  seam

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

perpend i  cu1  ar ly

-  f l o w  t o  a n  i n - s e a m  b o r e h o l e .

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

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

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

perneab i l i t y  a re  to  be  deduced f rom prev ious

measurements  (good accordance be tween measured

a n d  p r e d i c t e d  f l o w r a t e ,  v e r s u s  t i m e ) ,  A f t e r

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

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

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

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

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

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

rneasured f igures .

As  an  impor tan t  resu l t  o f  neasurements  and

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

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

( e v e r p v h e r e  o r  o n  a  q u i t e  w i d e  a r e a ) ,  d r a i n a g e  b 1 r

i n - s e m  L o n g  b o r e h o l e s  c a n  e f f i c i e n t l _ v  d e g a s i f ) /

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

e n o u g h  t o  e a c h  o t h e r  ( p r o b a b l y  n o t  m o r e  t h a n  2 0  -

25  m)  ,  and long enough (sure ly  nore  than 150 -

2 0 0  m ) .  I n  t h i s  c o n f i g u r a t i o n ,  t h e  g a s  f l o w i n g

f rom the  la te ra l  and in  f ron t  a reas  cannot  any

m r e  m a i n t a i n  a  q u i t e  h i g h  c o n t e n t  i n  t h e  z o n e  t o

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

i n g  t h e  m o s t  l m p o r t a n t  i n t e r n a l  p a r t  o f  t h i s  z o n e .

8 0 .
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