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Figure
1

illustrates
a

typical
exam

ple
of

the
inadequacy

of
laboratory

m
easured

relative
perm

eabilities
and

the
currentm

odelsasa
m

eansto
predictfield

production
profiles.O

ne
issue

is
the

heterogeneity
ofcoalrelative

to
sandstone

orcarbonate
reservoirs.A

m
ore

fundam
entalissue

is
the

correlations
om

itm
any

key
dependencies,w

hich
for

conventionalreservoir
rock

system
s

m
ay

acceptably
be

considered
constantorlum

ped
w

ithin
the

saturation
state

param
eter,butm

ust
be

individually
accounted

in
coalsystem

s.

Figure
1.R

elative
perm

eability
curvesoffield

history
data

A
)w

ith
sim

ulated
production

data
and

B
)sim

ulated
production

data
from

relative
perm

eability
curvesobtained

from
laboratory

m
easurem

ents(leftside
taken

from
M

eaney
&

Paterson,1996;rightside
from

sim
ulated

studiesconducted
by

D
rC

haw
arw

an
K

han)

1.
Im

prove
gas

and
liquid

relative
perm

eability
predictions

by
experim

entally
m

easuring
gas-

liquid
relative

perm
eability

taking
into

accountsurface
chem

istry
ofthe

coal.

2.
D

esign
and

build
an

X
-ray

transparentcore
flood

cellto
calculate

w
ater

saturation
(Sw

)
during

gas-liquid
relative

perm
eability

m
easurem

ents
on

(i)
artificialpacked

bed
cores,and

(ii)
realcoalcores.

3.
Study

the
effectof

coalsurface
chem

istry
on

relative
perm

eability
by

using
packed

beds
that

provide
hom

ogeneous,
isotropic

pore
structure

w
ith

controllable
pore

size
and

channel
geom

etry.

4.
C

arry
out

a
sensitivity

analysis
using

a
hypothetical

coal
seam

gas
reservoir

sim
ulation

m
odel

using
Petrel

and
Eclipse

to
investigate

the
effects

of
surface

chem
istry

on
the

gas
and

w
aterproduction.

Figure 2. Location of each m
ine w

ithin 
the B

ow
en B

asin, Q
ueensland, A

ustralia.

Table 1. Petrographic and proxim
ate analyses for the four sam

ples.
•

C
oal location and properties:

•
C

ore flooding:

C
T

S
canner

Fig.3:Schem
atic

ofthe
core

flooding
apparatus

used
for

steady-state
relative

perm
eability

m
easurem

ents.




2
2

2
1

2

8
500,000

3
g

g
g

g

Q
L

P
k

D
P

P


 






















2

1
2

4
500,000

3
P

L
L

Q
L

k
D

P
P


 



















•
G

as and liquid effective perm
eability and w

ater saturation calculation:

 1
_

1
fullysat

im
b

x
w

fullysat
dry

C
T

C
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S
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T
C
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(1)B
ased

on
grey-scale

-
A

lum
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 core holder

-
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-
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Figure
4.Photograph

of
x-ray

transparentalum
inium

core
holder

(show
n

in
verticalorientation)inside

the
X

radia
X

R
M

500
instrum

ent.

1.
Packed

bed
m

ethod
has

enabled
the

construction
of

repeatable
cores

to
study

relative
perm

eablity
in

isolation
from

the
effects

of
natural

coal
cleat

netw
ork

geom
etries

and
heterogeneity.
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Response
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V
itrinite rich

Inertinite richFig 5. R
elative perm

eability of B
R

D
M

 (top) and IP (bottom
) coal from

 B
ow

en B
asin 

using packed beds.  

2.
A

n
im

proved
estim

ation
ofgas

and
w

aterrelative
perm

eability
taking

into
accountsurface

chem
istry

is
crucialforgas/w

aterproduction
prediction

(com
pared

to
the

sim
plistic

assum
ption

thatSw
=

K
r).

3.
The

relative
perm

eability
curves

suggestthatthe
vitrinite

rich
coal(B

R
D

M
)

had
a

m
ore

w
ater-w

etbehaviourthan
the

inertinite
rich

coal(IP).

4.
The

hypotheticalsim
ulation

using
Eclipse

show
s

thatthe
cum

m
ulative

w
ater

production
forthe

IP
can

be
40%

higherthan
the

B
R

D
M

overa
period

of30
years

og
gasproduction,due

to
itsw

aterw
etbehaviour.

Fig
6.W

aterproduction
fordifferentscenarios(Eclipse).


