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Abst rac t  b reakdom o f  the  fo roa t ion ,  the  f racEure  grows

Very  la rge  reserves  o f  gas  are  conta ined as  the  vo lune o f  in jec ted  f lu id  i s

in  coa l .  Because o f  the  Low pemeab i l i t y  o f  inc reased.  By  add ing  a  p ropp ing  agent ,  such

Ehe coa l  gas  f l -ow ra tes  are  very  low.  as  sand,  to  the  s t iDu la t ion  f lu id ,  the

Frac tur ing  o f  the  coa l  can  b-e  ach ieved by  use  f rac tu re  i s  f i l l ed  to  p revent  i t  c los lng  when

o f  t h e  n i t r o S e n  -  f o a m  f r a c  t . e c h n i q u e s  p u m p i n g  c e a s e s  a n d  t h e  i n j e c t e d  f l u i d  i s

descr ibed bu t  the  f low ra tes  a f te r  f rac tu r ing  reproduced.  I t  i s  necessary  to  use  a

a r e  n o t  s u f F i c i e n t  t o  s , r n n n r r  F . n n ^ n i .  p r o p p a n t  t h a t  w i L I  f o m  a  p e m e a b l e  t l o w

deve lopment .  channe l  in  the  reservo i r  and thereby  l ink  the

Frac tur ing  o f  the  seams in  the  Bowen Bas in  we l l  bore  to  reservo i r  f lu ids  hundreds  o f  fee t

was as  pred ic ted  bu t  in  the  Sydney Bas in  no  away wh ich  wou ld  norna l l y  take  a  Long t iue  to

t race  o f  the  f rac tu re  cou ld  be  found when be  produced.

deve loPment  p roceeded pas t  the  f rac tu red  we l l .  Gas  is  fo rned in  coa l  seams dur ing  the

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

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

8 9 .

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

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

than 902 ne thane w i th  lesser  aEounts  o f  h igher

h y d r o c a r b o n s ,  C 0 2 ,  N 2  0 2  H 2  a n d  H e .  I r

advances  in  fo rmal ion  f rac tu r ing  techn iques  genera l l y  has  a  heat ing  va l ,ue  o f  approx ioa te ly

and the i r  app l i ca t ion  in  the  coa l  min ing 1 , 0 0 0  B T U / c u . f t .  w h i c h  i s  c o u p a r a b l e  f o

lndus t ry  led  us  to  inves t iga te  the  poss ib le  comerc ia l  na lu ra l  gas  produced f rom pet roJ-euo

I n t r o d u c t i o n

R c n o r t q  i n  r h e  )  i  I  e r a L u r e  o n  r e c e n t

use o f  th is  ue thod in  Aus t ra l ia .

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

reservo i . rs .

CoaI  i t se l f  has  a  very  low pemeab i l i t y

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

t 9 ) 0 ' s  f o r  i n c r e a s i n g  t h e  p r o d u c t i v i t y  o f  l o w  n a i n l y  t h r o u g h  t h e  s y s E e m  o I  b u t t  c L e a L s

p e r E e a b i l i t y  r e s e r v o i r s .  B y  i n j e c t i n g  a feed ing  in to  the  more  cont inuous  face  c lea t

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

o v e r c o n e  i n - s i t u  r o c k  s r r e c e p c  ,  f r r . r , , r F  i c  f r a c t u r e  c o u l d  l i n k  a  g r e a t  n u n b e r  o f  t h e s e

i n l t i a t e d  n e a r  t h e  w e l l .  A f t e r  i n i t i a l mtura . l  f rac tu res  d i rec t l y  to  the  we l , lborc .  and

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

to  make the  pro jec t  comerc ia l .  Th is

techn ique has  been success fu l l y  used in  the

I .  Produc t . ion  Manager
)  D - ^ i , . ^ r ;r  ! u u u L  L r u t r  L i l g f t r e u r

Oi l  and Gas D iv is ion
The Broken H i l l  Propr ie ta ry  Compdy L im- i ted  U.S.A.  fo r  coa l  sean degas i f i ca t ion  (E lder  &
MeLbourne.

D e u l . ,  1 9 7 4 ) .
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9 0 . STEWART and L. BARRO

Whi le  our  oa in  a iu  was to  p roduce gas  a t

comerc ia l - l y  v iab le  ra tes ,  i t  was  recogn ised

tha t  p roduc t ion  o f  the  gas  ahead o f  n in ing

shou ld  be  benef i . c la l  to  the  n in ing  process .

Use o f  a  foaned s t inu la t ion  f lu id  had been

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

reservo i rs  in  the  U.S.A.  The deveJ ,opnent  o f

th is  f lu id  had been under taken to  e l im ina te

Ehe use o f  o ther  f l -u ids  wh ich  had a  danag ing

ef fec t  on  Ehe fomat ion  and a lso  the  foan j .ng

of  the  f lu id  a l lowed i t  to  be  reproduced much

uore  rap id ly  as  the  foan wou ld  f low back

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

re leased and there fore  s tayed in  contac t  w i th

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

app l j . ca t ion  o f  th i .s  foaned f lu id  ro  coa l -

d e g a s i f i c a t i o n  w a s  d e s c r l b e d  b y  S t e i d l  i n  1 9 7 8 .

L o c a t i o n  S e l e c t i o n

A s tudy  was made o f  a reas  he ld  under  coa l

nini.ng lease by BHP at the same tine Eaking

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

p e t r o l e u  L e a s e s  h e l d  b y  o L h e r  p a r t i e s .  W e

detemined tha t  the  leases  a t  BJ-ackwater ,

Q u e e n s l a n d  a n d  A p p i n ,  N . S . W .  o f f e r e d  p o t e n r l a l

f o r  a  t e s t  s i E e  a n d  p e t r o l e u n  e x p l o r a t i o n

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

Mines  in  bo th  a reas  produce good qua l i t y

cok ing  coa l  and the  coa l / leases  were  es t imated

lo  conta in  gas  reserves  in  the  order  o f  210 x

106 m3 a t  B lackwater  and 6  x  106 n3  a t  App in .

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

the  Bowen Bas in  we es t imate  tha t  gas  reserves

of  200 x  106 n3  ex is t  s im i la r  to  the  es t imated

reserves  o f  the  Nor th  West  She l f  on  wh ich  a

l a r g e  L N G  p r o j e c t  w i l l  b e  b a s e d .

I4arkeE poten t ia l  ex is ted  in  the

Rockhanpton /Glads tone area  sone 200/km Eo the

eas t  o f  B lackwater  wh i le  a  spur  o f f  the

Moomba-Sydney gas  l ine  ran  th rough the  App in

Iease and o f  course  we had a  la rge  mrke t  fo r

gas  1n  our  s tee l  p lan ts  a t  Por t  Kenb la .

F , , r r h a .  r ^  f h i  c  r t s ^  T  ̂ i  ^ h h -  r r +  . ^ '  I  i  - F .

at  B lackwater  was exper ienc ing  cons iderab le

d i f f i cu l ty  w i th  o in ing  due to  coa l  burs ts  and

produc t ion  ra tes  had been sever l "ey

r e s t r i c t e d .  ( T h e  c o l l i e r y  h a s  s i n c e  b e e n

c losed due na in ly  to  the  uneconon ic  p roduc t ion

ra te) .  Prob lens  w i th  h igh  methane emiss ion

a lso  ex is ted  in  the  App in  co l l ie ry .

Both  areas  were  se lec ted  fo r  exper imenta l

p r o j e c t s .

Geo logy

T h e  L e i c h h a r d t  c o l - [ i e r y  i s  ] o c a t e d  l 7  k m

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

Queens land.  The coa l  measures  are  conta ined

wi th in  the  pro l i f i c  Bowen Bas in  wh ich  has  a

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

Permian to  Midd le  Tr iass ic  and cons is ts

don inant l -y  o f  sands tones ,  sha les  and coa ls .

T h e  P e r m i a n  r o c k s  c o v e r  a  n a j o r  p a r t  o f  L h e

bas in  wh i le  the  Tr iass i .c  rocks  are  l in i ted  to

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

b a s i n .

The Pemian coa ls  a re  knom as  the  Upper

Bowen Coa l  neasures  and are  w i th i -n  rhe  Bandana

F o m a t i o n .  A  c r o s s  s e c t i o n  t h r o u g h  t h e  m i n e s

i n  E h e  a r e a  i s  s h o w n  i n  F i g .  I ,  T h i s  c r o s s

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

+ L ^  ^ ^ - * ^  J -  F L ^  ^ - ^ ^

This  sec t ion  i l l us ra fes  tha t  the  two

dominant  seams in  the  Le lchhard t  a rea  are  the

Ar ies  and Gemin i  seam wh i le  the  Or ion  sean was

es t iEated  to  be  on ly  50  cn  th ick .  In  fac t  the

0r ion  seau was dr i l led  in  the  Gen in i  1  we l l

a n d  f o u n d  t o  b e  5  m  t h i c k .  A r i e s  t h e  u p p e r

seam is  noE mined because o f  weaknesses  in  the

roo f  s t ra ta .  The Gemin i  seau is  approx ina te ly

A  -  t k i ^ L  ^ F  ^  l ^ ^ F L  ^ F  / , 1 n  ^  ^ - J  ^ - ^ J , , ^ ^ ^  ^
d L  d  u c P L r  d u u  P r u q u L c s  d

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

average coke y ie ld  o f  8LZ.

The App in  Co l l ie ry  i s  loca ted  soue 35  km

NW of  Wol l "ongong in  N.S.W.

CoaL measure  depos i t ion  is  con f ined to  the
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W.J. STEI. IART i ld L. BARRO 9 1 .

Upper  Pemian cu ln inaEing  in  the  w idespread

occur rence o f  the  Bu11 i  Seau over  Ehe

greaterpar t  o f  the  southern  ha l f  o f  the  Sydney

Bas in .  Other  coa l  seans  (Ba lgownie ,  Cape

Horn ,  Hargraves ,  Wongawi l l i ,  Aner ican  Creek

a n d  T o n g a r r a )  a r e  i n t e m i t t e n t  t h r o u g h o u t  t h e

U p p e r  C o a l  l i e a s u r e s .  V o l c a n i c s ,  u a i n l y  a s

d y k e s  a n d  s i l l s  a r e  w i d e s p r e a d .

Over ly ing  rocks  are  f la t  bedded

m u l t i - c o l o r e d  l i t h i c  s a n d s t o n e s  ( N a r r a b e e n )

quar tzose sands tones  (Hawkesbury)  and b lack

s h a l e s  ( W i a n a m a t t a )  o f  T r i a s s i c  a g e  w h i c h  f o m

C h e  M j o r  e s c a r p u e n t s  o f  t h e  a r e a .

P r o j e c t  D e s i g n

W e I l  L o c a t i o n s

A l t h o u g h  e x p e r i e n c e  1 n  t h e  U . S . A .  p o i n t e d

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

due to  hydrau l i c  f rac tu r ing  i t  was  cons idered

necessary  Eo prove th is  in  each new area  under

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

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

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

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

At  Le ichhard t  i t  was  dec ided to  p lace

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

not  be  n ined th rough fo r  sone t ine  so  tha t

ln fo rmat ion  cou ld  be  ga thered on  how long i t

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

wel ls .  ln  o ther  words  how long wou ld  i t  take

t o  d r a l n  c h e  a r e a  a f f e c t e d  b y  a  w e 1 1 .

In  the  App in  a rea ,  nany  o f  the  prob lens

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

was  p lanned to  pLace ho les  where  they  cou ld

dra in  lhe  lower  seaus  and so  cu t  down on the

vo lune o f  gas  re leased in to  the  work ings  f ron

the  lower  seams as  the  work ing  face  progressed.

I t  was  dec ided tha t  four  we l ls  in  each

area wou ld  be  the  min imun nunber  o f  we l ls  to

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

o f  t h e s e  w e l l s  a r e  s h o w n  i n  F i g s .  2  a n d  3 .

Dr i lL ing  and Compler ion  o f  Wel ls

A 12  L /4"  sur face  ho l -e  was dr i l led  ro

a p p r o x i n a t e l y  4 5 0  m  a n d  9  5 / g "  c a s i n g  w a s

cemented a t  th is  depth .  To  ob ta ln  nax iuum

in forua t ion  f ron  the  we11s i t  was  dec ided to

core  a l I  coa l  seams to  ob ta in  sanp les  fo r

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

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

conten t  o f  the  ind iv idua l  coa ls  as  we l l  as

gather  what  in fo rna t ion  we cou ld  on  ra tes  o f

d e s o r p t i o n .

An 8  L /2"  ho le  was dr i t led  50  m be low rhe

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

vere  run  by  Sch lunberger .  These inc luded

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

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

n e u t r o n .  W e  a l s o  c a r r i e d  o u t  v e l o c i t y  s u r v e y s

t o  a i d  i n  s e i s n l c  i n E e r p r e t a t i o n  a s  w e l l  a s

some exper imenta l  in -sean se ismic  work  a t

A p p i n .

A f t e r  t h i s  5  1 / 2 "  . r " i r g  w a s  c e m e n t e d  a t

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

c o a f  s e a n s  u s i n g  2  l / 6 "  U . i j . t "  w i t h  a  s h o t

d e n s i t y  o f  f o u r  h o l e s  p e r  f o o t .  T h e  U . S . B . M .

had reporEed on  work  us ing  bo th  bare  foo t  and

c a s e d  h o l e  c o n p l e t i o n s  ( L a n b e r t  e t  a l  1 9 7 9 ) .

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

the  ho le  cave i .ns  wh ich  had been repor ted  in

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

ins  had requ i red  a  nuch grea ter  f requency  o f

workovers  lhan was the  case w i th  cased ho le

c o m p l e t i o n s .

The f ina l  conp le t ion  o f  the  we l , l  w i th  a  I
1 1 / 1 6 "  p h r g . r  p u m p ,  2  3 / g "  r u b i n g ,  5 / 8 "

sucker  rocks  and a  beam type pwping  un i t  a re

s h o w n  i n  F i g .  4 .  T h i s  d e s i g n  a l l o w e d  f o r

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

5 - 6 0  b b l / d a y .  A  n a t u r a l  g a s  e n g i n e  w a s  c h o s e n

a s  t h e  p r i n e  m o v e r  f o r  E h e  p @ p i n g  u n i t .  T h e

down ho le  puup was se t  soue 20  m be low the

base o f  the  coa l  seam so tha t  the  coa l  sean

wou ld  be  le f t  c lear  o f  l iqu id  and thereby  have

a min inum ho le  p ressure  imposed on  the

The  Aus . l .M .M .  l l l awa r ra  B ranch  Sympos ium,"Seam Gas Drainage wi th par i icular  reference to the Working Seam, ' ,  May 1gg2
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f  omat  ion .

St i t ru la ! ion  Des i

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

o u t  b y  H a l L i b u r t o n  S e r v i c e s  u s i n g  a

coEputer ised  s imu la to r  wh ich  node ls  ehe

propagat ion  o f  a  f rac lu re  as  a  func t ion  o f

i n j e c t e d  f l u i d  v o l u n e s ,  i n j e c t i o n  r a t e s '

s t i u u l a t i o n  f l u i d  p r o p e r t i e s '  P r o p p a n t  t y p e

and concent ra t ion  and fomat ion  f lu id  and rock

P a r a m e t e r s .

For  a  l ina l  f rac tu re  length  o f  aPprox .  130

B in  the  Gemin i  seam a t  Le ichhard t  the  input

da fa  and t rea tment  des ign  are  shown in  Tab les

I  a n d  2 .

Pro  jec t  Imp lementa t lon

Dr i l l i ng  a  Comple t ion

lmp lenenta t ion  o f  the  pro jec t  was  fu l l y

descr ibed in  a  paper  by  Wi lk inson and Bar ro ,

1 9 8 r .

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

both  Le ichhard t  and App i .n  p roceeded w i thout

undue prob lens  as  d id  cor inS and logg ing .

ln iE ia l l y  core  recovery  was low -  632 in  the

f i r s t  c o r e ,  7 9 7 .  i t  t h e  s e c o n d  b u t  t h e r e a f t e r

9 2 - L 0 O z .

i l h e n  c o r e s  w e r e  b r o u g h !  c o  L h e  s u r f a c e

they  were  imed ia te ly  logged by  a  coa l

geo log is t  and samples  were  taken and p laced in

spec ia l l y  consEruc ted  conta iners  and taken to

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

S t  inu la !  ion

The ecu ipment  layout  fo r  the  foam

sEiDu la t ion  t rea tment  i s  shown schemat ica l fy

i n  F i g .  5 .

For  a  typ ica l  job  a t  Le ichhard t  the  f resh

water  was ge lLed us inS a  gur  ge l  a t  a

c o n c e n t r a E i o n  o f  4 0  l b / I , 0 0 0  g a l .  T h i s  g e 1

g a v e  a d d e d  v i s c o s i c y  E o  t h e  w a t e r  t o  h e l p

suspend the  proppant  in  the  b lender  tub  and

prevent  sand seEt l ing  wh ich  cou ld  lead co

p lugg ing  o f  the  punps.  The job  cons is ted  o f  5

s  tages  .

( i )  3 , 0 0 0  g a l s  o f  f o a m  t o  w h i c h  w a s

added 1  lb /ga l  o f  100 mesh sand to  p lug  the

Binu le  f rac lu res  and prevent  f lu id  l -oss  to  the

fomat ion .  Ih is  n ix tu re  was in jec ted  a t  a

r a t e  o t  l u  b b r / n l n .

(  1 1 , i The nex t  four  s tages  each cons is ted

of  3000 ga l lons  o f  foaE w i th  concent ra t ions  o f

2 0 - 4 0  n e s h  s a n d  a t  0 . 5 '  l - . 0 ,  1 . 5  a n d  2 . 0

lbs /ga l  added to  lhe  foam.  Th is  requ i red

add ing  sand to  the  8eL1ed water  a t

c o n c e n t r a t i o n s  o f  2 . 0 - 8 . 0  l b / g a l  o f  g e l .

Average t rea t ing  pressure  was l -100 PSi  on  the

sur face  a f te r  b reak ing  dom che fomat ion  o f

900 ps i .  A f te r  the  las t  s tage was punped the

sand laden foam was d isp laced to  the  fo rmat ion

wi th  n i t rogen and the  we. l1  was shut  in .

Dur ing  the  job  an  enzYue breaker

was added to  the  f lu id  to  b reak  down the  8e1

and the  foaming agent  concent ra t ion  is  chosen

so tha t  the  foam wi l l  becone uns tab le  a f te r  a

shor t  per iod .  I f  a  s tab le  foam is  nade i t

w iJ -1  car ry  the  sand back  in to  the  we l l  when

the  we l l  i s  p laced on  produc t ion .

Af te r  the  f rac  job  the  we l l  vas

le f t  shuE in  fo r  two hours  to  a l1ow the  ge l '

and  foam to  b reak .  Very  l i t t le  sand was

reproduced f ron  any  o f  the  we l ls  ind ica t ing

that the ge1 and foan had broken down as

des i -gned.

The jobs  a t  APPin  were  des igned on

the  same genera l  p r inc ip les  bu t  resu l ts  were

s o m e w h a t  d i f [ e r e n t .  O n  E h e  f i r s t  j o b  o n  t h e

Tongarra seaE we were unable to break down the

f o m a t i o n  w i t h  a  p r e s s u r e  o f  4 , 0 0 0  p s i .  W e

suspected  tha t  the  cas ing  per fo ra t lon  had

fa i led  and reper fo ra ted  the  we l l  w i thout  any

change.  We ac id ised the  we l l  in  case the

per fo ra t ions  had p lugged bu t  w i thout

success .  We were  f ina l l y  ab le  to  b reak  down

the fomat ion  a t  a  p ressure  o f  4 '500 Ps i  and

The Aus. l .M.M. l l lawarra Branch Symposium,
"Seam Gas Drainage wi th part icular  reference to the Working Seam",  May .1982
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i n j e c t  a t  3  b b l / n i n  a t  4 , 0 0 0  p s i .

Th is  p ressure  was incons is ten t  w i th

noml  fo rEt ion  breakdom aod f rac tu r i .ng

pressures  and lead us  to  beJ- ieve  tha t  we were

crea t ing  hor izon ta l  o r  pancake f rac tu res .  The

pressures  pers is ted  i .n  Ehe o ther  seans  wh ich

were  f rac tu red ,  the  Wongawi l l i ,  Cape Horn ,

ADer ican Creek ,  Ba lgowr ie  and Bu l -1 i .  The

Bu l l i  seau was on ly  f rac tu red  in  the  App in- l

we. I1  and a  f luorescent  dye  was added Eo the

f rac  f lu id .  When head ings  in  L  pane l  passed

t h e  I o c a L - i o n  o f  t h e  w e I I ,  n o  t r a c e  o I  t h e

f rac ture  cou l -d  be  found.

There  is  f requent  d isagreeEent

a n o n g  a u t h o r s  c o n c e r n i n S  t h e  o r i e n t a E i o n  o f

f rac tu res ,  however ,  t ros t  agree  tha t  when the

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

wi l l  occur  in  the  p lane perpend icu la r  Eo the

d i rec t ion  o f  the  leas t  compress i .ve  s t ress .

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

f rac tu re  and as  the  fomat ions  have been

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

depos i r ion  -  th ree  c lea t  sys tems are  ev idence

^  E h a t  t h e  f r a c t u r ea L  f D  y v D s f u f s

crea ted  was shor t  and chunky  or  poss ib ly  nore

than one f rac tu re  a long the  c leaE sys tems.  A

s i tua t ion  such as  th is  wou ld  tend to  e leva te

f rac tu r ing  pressures  wh i le  no  t race  o f  lhe

f racEure  wou ld  be  found a t  the  ex t remi t ies  o f

t h e  p l l l a r .

Gas Produc t ion

' - ' i o n  f r o u  E h e  w e l l s  i sa J P r u 4 r  6 d o  P r v s u L L

shown in  F lgs .  6 ,  7  and 8 .  Whi le  the  we. l l s

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

t o  2 , 0 0 0  , 3 / d ^ y ,  E h e r e  i s  a  r a p i d  d e c l i n e

fo l lowed by  a  Iong per iod  o f  s tab le

produc t ion .  Sooe o f  the  h igh  ear ly

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

n i E r o s e n  b y  t h e  c o a I ,  r a i s i n g  t h e  i n t e r n a l

p ressure  by  some l -0 -202 w i th  a  consequent  h igh

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

reproduced.  Typ ica l  o f  the  gas  compos i t ion

aga ins t  E i -me is  shown in  F ig .  9 .  Ihe  sudden

drop o f f  in  n i t rogen percentage is  qu i te

ev ident .  A t  App in  there  BaY be some

cor re la t ion  o f  gas  ra te  f rom the  lower  seams

as deve lopaent  p roceeds in  the  overhead pane ls

but  i t  i s  no t  conc lus ive .  I t  i s  expec ted

tha t  the  gas  ra te  w i l l  inc rease as  longwal l

ex t rac t ion  proceeds th rough the  area  o f  the

w e 1 1 s .

T \ 6  o r . n h  ^ F  - r ^ / ' , . t i o n  f r o u  t h e  G e u i n i - 3! r r c  5 r q P , r

wel l  a t  Le ichhard t  a re  in te res t ing .  As

menEioned ear l ie r '  the  Le i .chhard t  Co l l ie ry  has

suf fe red  severe ly  f rom coa l  ou tburs ts .  These

may be  caused by  overpressured pockets  o f  gas

and the  sudden increases  in  p roduc t ion  seen in

Septeuber  and December  cou ld  be  due to  the

rad ius  o f  d ra imge ex tend ing  to  one o f  lhese

pockets .  Aga in  the  ev idence is  no t

conc lus ive .  Gen in i -2  a lso  exh ib i rs  th is

sudden increase in  p roduc t ion  a l though to  a

l e s s e r  e x t e n t .

Water  p roduc t ion  has  a lso  been measured

and i t  can  be  seen tha t  1ow produc t ion  ra tes

go w i th  h igh  water  p roduc t ion  ra tes  ( in  lhe

saue we l l )  and v ice-versa .

C o a l  T e s t i n g

Var ious  tes ts  were  car r ied  ou t  on  coa l

sanp les  f rom each we l l  us ing  equ ipnent  based

o n  E h a t  p r o p o s e d  b y  t h e  U . S . B ' M .  b u t  s l i g h t l y

nod i f ied  to  a l low gas  measurenents  to  be  made

at  a tmospher ic  perssure  and ambien t

EemperaEure .  The nod i f ied  equ ipment  i s  shown

i n  F i g .  1 0 .

T h e  t e s t s  c a r r i e d  o u t  w e r e :

( a )  T o r a I  g a s  c o n t e n t  u s i n g  c o n s L a n t

s u r f a c e  p r e s s u r e  d e s o r P t i o n  ( C S P D )

(b)  Constan t  vo lume desorp t ion  (CVD)

( c )  R e s a t u r a t i o n  o f  s a n p l e  t o  s e a o

pressure  fo l lowed by  a  fu r ther  CVD

The e f fec t  o f  tempera ture  on  desorp t ion

ra te  was invesEiga ted  and the  resu l ts  a re

The Aus. l .M.M. l l lawarra Branch Symposium,
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s h o m  i n  F i g s .  1 1  a n d  1 2  f o r  i n i t i a l

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

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

h i g h e r  a n d  t o t a l  d e s o r b e d  g a s  i s  g r e a E e r .

The s t ra ighr  l ine  por t ion  o f  the  graph 1n  F i .g .

11  can be  ex t rapo la ted  to  de termine gas  los t .

T h e  d i f f u s i o n  p a r a n e t e r  ( D / 5 . a 2 1  w a s  a l s o

c a l c u l a t e d  f r o m  t h e s e  E w o  t e s t s .

Desorp t ion  i . so therns  fo r  the  saue sampJ-e

as  ob ta i .ned f roo  the  we l l  and resa tura ted  are

s h o w n  i n  F l g s .  1 3  a n d  1 4 .

C o n c l u s i o n s

Large vo lunes  o f  gas  are  conta ined in  the

c o a l  s e a m s .

The B lackwater  seams can be  hydrau l i ca l l y

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

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

I L  i s  n o t  p o s s i b l e  t o  p r e d i c t  r e s u l t s  o f

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

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

s e a u .  W e  c a n  s a y  w i t . h  a  [ a i r  d e g r e e  o f

. p r l r i n t w  t h . r  f h a  f r r a t " r i - -  n - r t s ^ r n  i ^  n ^ +

what  we wou ld  nomal ly  expec t .

, /  i ^ F ^ L l ^  € - ^ ^ F , . - i - ^L r r e  u r r P r c u r u L d u t c  r r d c L u r  t t r g

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

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

the  ex ten t  tha t  th is  method cou ld  be  nade

commerc ia l .  Th i .s  i s  done in  par t  to  Ehe very

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

Resu l ts  f ron  tes t ing  o f  the  coa l  samples

and app l ica t ion  o f  the  s imu la to r  descr ibed

ear l ie r  by  Dr .  M.L .  Hena la  have led  us  to

conc lude tha t  so l id  o r  in  seam dra lnage w i l l

p roduce gas  a t  much h igher  ra tes  wh ich  cou ld

probab ly  be  deve loped to  a  comerc ia l  s tage.

R e f e r e n c e s

E L D E R ,  C . H .  ,  &  D E U L ,  F t . ,  L 9 7 4  -  D e g a s i f i c a r i o n

of  the  l4ary  Lee coa l -bed Near  Oak Grove,

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

ln  advance o f  n in ing .  Un i ted  SEates  Bureau

o f  I ' t i n e s  R e p o r L  o f  L n v e s t i g a r i o n s ,  T 9 6 3 .

L A M B E R T ,  S . W . ,  T R A V I T S ,  M . A . ,  &  S T I E D L ,  P . F . ,

1979 -  Ver t i ca l  boreho le  des ign  and

coup le t ion  prac t ices  used to  reuove ne thane

gas f ron  mineab le  coa lbed.  Un i ted  Sta tes

Depar tnent  o f  Eneegy,  Carbonda le  Min lng

TechnoJ-ogy  Center ,  Repor t  on  Inves t iga t ions .

S T E I D L ,  P . F . ,  1 9 7 8  -  F o a m  s t i u u l a t i o n  t o

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

i n  t h e  P i t t s b u r g h  c o a l b e d .  U n i t e d  S r a r e s

B u r e a u  o f  M i n e s  R e p o r E  o f  I n v e s t i g a t i o n s ,

8286 -

W I L K I N S O N ,  B . ,  B A R R 0 ,  L . ,  1 9 8 1 ,  -  C o a l  s e a n

degas i f i ca t ion  in  QueensJ-and u t i l i s ing

hydrau l i c  f rac tu r ing  w iEh foa t r  -  A  Case

H i s t o r y .

S L I D E  8 :

TABLE 1

WELL AND FORMATION DATA AT LEIGHHARDT
COLI]ERY

PERMEABII,lTY

POROS ITY

YCI]NG' S MODLT-US

RESERVOIR PRESSURE

RESERVOIR TEMPEFATURE

COA]. SEAM THICIOJESS

COAI DEPTH (A\,'ERAGE)

0 .  0 0 4  m d

0 . 0 5

5 0 0  , 0 0 0  p s i

5 0 0  p s i

r 2 c o F

1 9  f e e t

1 , 4 0 0  f e e t

F I G .  l

DIAGRAMMATIC CORRELATION OF UPPER COAL

SEAMS SOUTH OF BLACKWATER TOWNSHIP

I l t l r t [ r  t tExxlE0l c00r st f l rusi l |  r f i tusi l2 srtrcrwrl f r
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WELL LOCATIONS RELATIVE TO
ACTIVE MINE WORKINGS

CASED HOLE COMPLMON
CONFIGURATION

ts SUCKER ROOS

SCHEMATIC DIAGRAM DEPICTING
SUBFACE REOUIREMENTS
USED FOR FOAM FRACS

IAV JS JUf  AUG SEPI  @T TOV D€C
r 9 a r l s a 2  U l

2 0 0

PEFORATED ZOrlE

116 AARREL SUagJI.flC€
PUTP

2r t .oP€N-Exo€D
TUSING

5  h - C A S T N G

F I G . 4
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TABLE 2

SLIDE 9: TOAM TREATMENT AND PIIMPING SCHEDULE

9 1  .

LIQUID Prr't{P R-{TE

NITROGEN PIMP RATE

NITROGEN TO LIQUID RATIO

FOAiY RATE

FOAI4 QUA],ITY

NITROGEN REQUIRED

WATER REQUIRED

is  an  obv ious  re la t ion  be tween the  amount  o f

water  pumped and the  gas  f low.  What  i s  the

prec ise  na ture  o f  tha t?  Each o f  the  graphs

showed a  remarkab le  k ick  when the  water  ou tpu t

w a s  i n c r e a s e d ,

l . { . J .  S T E W A R T  ( B . H . P .  O I L  &  c A S  D I V I S I O N ) :  y e s

the  water  nus t  be  produced be fore  the  gas  can

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

dom hav ing  produced the  water  then the  gas

produc t ion  goes  up .  In i t ia l l y  water  i s  p ro-

duced f ron  the  c lea t  sys tem together  w i th  the

SAND TYPE

IOO MESH

2 0 - 4 0

2 0 - 4 0

2 0 - 4 0

2 0 - 4 0

PLD,{P TIYE
MIN :  SEC

1 : 0 9

7 : 0 9

7 : 0 9

1  : 0 9

7 : 0 9

3 : 3 0

2 . 5  B P M

3 ,200  scF /MrN

I , 2 8 3  s c F / B B L

10 BPI4

7 <"/

1 2 5 , 0 0 0  s c F

3, 750 GALLONS

g a s  r a t e s .  B o t h  w a t e r  a n d  g a s  r a t e s  d e c r e a s e

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

produc t ion  decreases  the  gas  can nore  read i l y

absorb  f rom the  coa l  resu l t ing  i -n  a  s teady

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

J .  LANE-SMITH (TRIEFUS INDUSTRIES)  :On rhe  f igures

g i .ven  ou t  on  what  the  we l l  had ac tua l l y  cos t ,

what  depth  was tha t  a t?

W.J .  STEWART:  That  was an  average cos t  o f  the

wef ls  in  Le ichhard t ,  one was dom to  650 m,  the

STAGE
NUMBER

L .

2 .

l .

4 .

5 .

6 .

GALLONS
FOAM

3 ,  0 0 0

3 ,  0 0 0

3 ,  0 0 0

3 , 0 u 0

3 ,  0 0 0

I2,OOO SCF NITROGEN

SAND CONC.
LBIGAL I'OAM

1 . 0

0 . 5

1 . 0

2 . 0

DI SPL{CEMENT

DISCLTSS ION

c ' H .  y A R T T N  ( c . H .  M A R T I N  A N D  A S S O C T A T E S ) :  T h e r e  g a s  i n  s o l u t i o n .  T h i s  r e s u l t s  i n  h i s h  w a t e r  a n d
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a v e r a g e  w a s  a b o u t  4 5 0 / 5 0 0  n

t h e y  r u n  a r o u n d  6 0 0  n .

W.L .  STEI 'JART and L .  BARRO

Ilere at

J .  LANE-SI I ITH:  Was the  in l t ia l  d iameter  a t  the

s u r f a c e  3 l  I  m ?

l , / . J .  STEI iART:  The ho le  was dr i l led  dom lo

a b o u t  6 0  n  a t  3 L l  m  a n d  2 3 6  m  c a s i n g  w a s

c e m e n t e d  a t  t h a t  d e p t h .  A  2 1 6  n n  h o l e  w a s

d r i l l e d  t o  t h e  b o t t o n  a n d  I 4 0  m  c a s i n g  w a s

- e m e n t c d  a r  c h a t  d e P c h .

R.  LA\L \  (KEI IBLA COAL AND COKE) :  The pressure

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

o n l y  a  f e w  k P a .  I s  i t  a s s u m e d  t h a t  a t  t h a L  s t a g e

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

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

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

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

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

! { . J .  S T E W A R T :  T h e  s t i n u l a t i o n  h a s  n o t  d r o p P e d

t h e  g a s  p r e s s u r e ,  i t  i s  t h e  c o n t i n u i n g  P r o d u c t -

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

assume tha t  the  boreho le  i s  to  a l1  in ten ts  and

p u r p o s e s  e m p t y .  R i g h t  n o w  a b o u t  8  l i t r e s  a

day  is  be lng  punPed out '  wh ich  is  p rac t ica l l - ' r

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

made regu la r ly  w i th  an  acous t ic  log  and i t  shows

tha t  the  water  leve l  i s  down to  the  pump so  tha t

i s  2 1  m  b e l o w  t h e  b o t t o m  o f  t h e  s e a m .

R .  P H I L L I P S  ( C A P R I C O R N  C O A L ) :  W i t h  r e g a r d  t o

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

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

o b s e r v a t i o n  ?

W.J .  STEI^ IART:  That

o b s e r v a t i o n .

i s  j u s t  a  v i s u a l

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


