
Geochemical

 

Journal,

 

V ol.

 

14,

 

pp.

 

27

 

to

 

32,

 

1980

 

27

 

A n

 

isotopic

 

study

 

of

 

the

 

role

 

of

 

carbon

 

dioxide

 

in

 

outbursts

 

in

 

coal

 

m ines

 

J.

 

W .

 

SMITH

 

and

 

K.

 

CSIRO

 

Fuel Geoscience

 

Unit,

 

P.O.

 

W .

 

G OU LD

 

Box

 

136,

 

N orth

 

Ryde,

 

N SW,

 

Australia

 

2113

 

(R eceived

 

November

 

1,

 

1979;

 

accepted

 

Febru ary

 

19,

 

1980)

 

The

 

occurrence

 

of

 

instantaneous

 

outbursting

 

in

 

the

 

B ulli

 

coal

 

seam

 

at

 

the

 

W est

 

Cliff

 

C olliery,

 

A ppin,

 

N SW

 

can

 

be

 

correlated

 

directly

 

w ith

 

an

 

increase

 

in

 

concentration

 

(0.5

 

to

 

75% )

 

and

 

a

 

related

 

decrease

 

in

 

the

 

13C

 

content

 

(813C

 

+16

 

to

 

- 80/00

 

PD B)

 

of

 

the

 

C 02

 

in

 

the

 

seam

 

gas.

 

Tw o

 

sources

 

of

 

C 0 2

 

are

 

required.

 

The

 

greater

 

incidence

 

of

 

outbursting

 

in

 

C 0 2-rich

 

zones

 

is

 

explained

 

by

 

the

 

conversion

 

to

 

bicarb onate

 

of

 

cleat

 

and

 

fracture

 

filling

 

cal cite

 

deep

 

within

 

the

 

coal

 

and

 

the

 

transport

 

of this

 

bicarbonate

 

in

 

w ater

 

to 
m ine

 

openings.

 

The

 

w eakening

 

of

 

the

 

resistance

 

of

 

the

 

coal

 

to

 

shear

 

by

 

this

 

rem oval

 

of

 

carbonate

 

is

 

an

 

additional

 

factor

 

to

 

be

 

considered

 

in

 

assessing

 

outbursting

 

situations.

 

IN TRO DU CTION

 

A n

 

increasing

 

dem and

 

for

 

coal,

 

as

 

a

 

result

 

of

 

changes

 

in

 

the

 

availability

 

an d

 

cost

 

of

 

other

 

fossil

 

fuels,

 

has

 

re-focussed

 

attention

 

on

 

the

 

problem

 

of

 

outbursting

 

in

 

deeper

 

coal

 

m ines.

 

W hen

 

the

 

rate

 

of

 

advance

 

of

 

the

 

cutting

 

face

 

is

 

slow,

 

better

 

opportunities

 

for

 

the

 

slow

 

escape

 

of

 

the

 

gases

 

under

 

high

 

pressure

 

in

 

the

 

virgin

 

coai

 

exist.

 

H ow ever,

 

at

 

the

 

faster

 

rates

 

of

 

advan ce

 

of

 

the

 

coal

 

face

 

now

 

required,

 

Iess

 

tim e

 

is

 

available

 

for

 

the

 

equalization

 

of

 

gas

 

pressures

 

an d

 

minin g-
induced

 

stresses.

 

Thus

 

the

 

hazard

 

of

 

instan-

taneous

 

outbursting

 

of

 

gas

 

and

 

coal

 

is

 

increased,

 

although

 

under

 

favourable

 

circum stances

 

som e

 

control

 

m ay

 

be

 

achieved by

 

gas

 

drainage.

 

It

 

is

 

generally

 

assum ed

 

that

 

the

 

pressure

 

an d

 

volum e

 

of

 

gases

 

held

 

within

 

the

 

virgin

 

coal

 

play

 

a

 

m ajor

 

part

 

in

 

producin g

 

outbursts,

 

how ever,

 

som e

 

doubt

 

still

 

exists

 

as

 

to

 

w hether

 

outbursts

 

are

 

actuaily

 

'triggered'

 

by

 

gas

 

pressures

 

or

 

by

 

stresses

 

induced

 

in

 

the

 

rock

 

itself

 

durin g

 

m ining

 

operations.

 

The

 

possible

 

effects

 

of

 

coal

 

gassiness

 

and

 

gas

 

pre'ssures,

 

the

 

sorp tive/desorptive

 

capacities

 

of

 

coals

 

for

 

m ethane

 

and

 

car bon

 

dioxide,

 

and

 

m ethods

 

available

 

for

 

translating

 

this

 

evidence

 

into

 

practical

 

term s

 

have

 

been

 

fully

 

discussed

 

and

 

review ed

 

by

 

H ARGRAVES

 

(1958,

 

1962,

 

1966,

 

1

 

9

 

7

 

3

 

)

 

an d

 

P

 

ATCHING

 

(

 

1

 

9

 

7

 

O)

 

.

 

A m ongst

 

H ARGRAVES

 

findings

 

is

 

the

 

recognition

 

that,

 

on

 

occasion,

 

violent

 

outbursts

 

in

 

deeper

 

A ustralian

 

coal

 

m ines

 

m ay

 

be

 

largely

 

confined

 

to

 

regions,

 

or

 

m in e

 

sections,

 

in

 

w hich

 

the

 

carbon

 

dioxide

 

content

 

of

 

the

 

seam

 

gas

 

is

 

high,

 

a

 

factor

 

also

 

reported

 

in

 

coal

 

m ining

 

operations

 

in

 

parts

 

of

 

Fran ce

 

and

 

Poland

 

(RICE,

 

1931;

 

Wa LsoN,

 

1931;

 

STUTZER,

 

1936).

 

High

 

concentrations

 

of

 

carbon

 

dioxide

 

in

 

seam

 

gases

 

in

 

A ustralian

 

coals

 

occur

 

in

 

regions

 

of

 

igneous

 

activity

 

and

 

associated

 

faulting

 

and

 

this

 

com ponent

 

has

 

been

 

described

 

as

 

being

 

of

 

presum ed

 

pneum atolytic

 

origin

 

(H ARGRAVES,

 

1973).

 

H ow ever,

 

no

 

generally

 

acceptable

 

special

 

role

 

has

 

yet

 

been

 

assigned

 

to

 

carbon

 

dioxide

 

in

 

effecting

 

outbursting.

 

C arbonic

 

acid

 

has

 

the

 

capacity

 

to

 

convert

 

calcite

 

to

 

bicarbonate,

 

the

 

form

 

in

 

w hich

 

this

 

species

 

is

 

readily

 

transported

 

in

 

carbon

 

dioxide-

rich

 

w ater.

 

W hether

 

such

 

reactions

 

occur

 

to

 

a

 

significant

 

extent

 

in

 

coal

 

m ines

 

has

 

yet

 

to

 

be

 

show n,

 

but

 

such

 

an

 

interaction

 

an d

 

the

 

sub-

sequent

 

rem oval

 

of

 

cal cite

 

originally

 

filling

 

cleats

 

an d

 

fractures

 

in

 

the

 

coal

 

m ay

 

be

 

envisaged

 

as
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J.

 

W .

 

SM IT H

 

and

 

K.

 

W.

 

G OU LD

 

reducing

 

the

 

resistan ce

 

of

 

the

 

coal

 

to

 

shear

 

and

 

thus

 

prom oting

 

outbursting.

 

Previous

 

an d

 

continuing

 

isotopic

 

studies

 

in

 

this

 

laboratory

 

of

 

the

 

carbonates

 

associated

 

with

 

A ustralian

 

coals

 

(SMITH,

 

1

 

978;

 

G OULD

 

and

 

SMITH,

 

1

 

979)

 

appear

 

to

 

throw

 

som e

 

light

 

on

 

this

 

issue.

 

In

 

apparently

 

norm al

 

Perm ian

 

bitum inous

 

coals,

 

w hen

 

significant

 

secondary

 

calcite

 

con-

centrations

 

resulting

 

from

 

coal

 

m aturation

 

reac-

tions

 

occur

 

in

 

cleats,

 

this

 

calcite

 

is

 

generally

 

characterized

 

by

 

a

 

rem arkably

 

high

 

1

 

3C

 

content

 

(813C

 

values

 

to

 

+300100

 

PD B

 

have

 

been

 

m ea-

sured).

 

In

 

fact,

 

cal cites

 

with

 

6

 

13C

 

values

 

of

 

< 00100

 

P D B

 

are

 

rarely

 

seen,

 

and

 

then,

 

usually

 

only

 

in

 

very

 

low

 

concentrations.

 

It

 

is

 

therefore

 

particularly

 

interesting

 

to

 

find

 

that

 

w here

 

coals

 

ar e

 

visibly

 

heat

 

altered,

 

and

 

often

 

w here

 

coals

 

only

 

occur

 

in

 

regions

 

of

 

know n

 

or

 

even

 

suspect

 

igneous

 

activity

 

(e.g.

 

Bow en

 

Basin,

 

Q ueensland),

 

'heavy '

 

calcites

 

are

 

com m only

 

absent.

 

T his

 

absence

 

possibly

 

results

 

from

 

interaction

 

w ith

 

carbonic

 

acid

 

to

 

form

 

bi-

carbonate.

 

In

 

fact,

 

only

 

'light'

 

calcites

 

occur,

 

often

 

in

 

low

 

concentrations

 

(G OULD

 

and

 

SMITH,

 

1979).

 

H ow ever,

 

several

 

notable

 

exceptions

 

to

 

this

 

trend

 

have

 

been

 

seen.

 

In

 

view

 

of

 

these

 

an d

 

other

 

results,

 

a

 

broad

 

surv ey

 

of

 

the

 

stable

 

isotope

 

geochem istry

 

of

 

A ustralian

 

coals

 

and

 

associated

 

fluids

 

and

 

m in-

erals

 

has

 

been

 

com m enced

 

with

 

the

 

objectives

 

of

 

providing

 

(1)

 

further

 

inform ation

 

on

 

the

 

causes

 

of

 

outbursting,

 

(2)

 

com parative

 

data

 

for

 

use

 

in

 

natural

 

gas

 

exploration.

 

In

 

particular ,

 

the

 

W est

 

Cliff

 

C olliery

 

at

 

A ppin

 

in

 

the

 

Southern

 

Coalfields

 

of

 

the

 

Sydney

 

Basin,

 

N SW ,

 

has

 

been

 

selected

 

as

 

the

 

site

 

for

 

a

 

prelim inar y

 

detailed

 

study

 

designed

 

to

 

identify

 

those

 

factors

 

relating

 

seam

 

gas

 

com position

 

to

 

outbursting.

 

A t

 

W est

 

Cliff,

 

carbon

 

dioxide

 

concentrations

 

in

 

the

 

seam

 

gas

 

are

 

variable

 

and

 

have

 

been

 

reported

 

to

 

be

 

high

 

in

 

those

 

sections

 

w here

 

faulting

 

and

 

a

 

tendency

 

to

 

outbursting

 

ar e

 

m ore

 

pronounced

 

(SHEPHERD

 

and

 

C REASEY,

 

1979).

 

E XPERIM ENT AL

 

Sam ple

 

collection

 

Sam ples

 

w ere

 

collected

 

at

 

1

 

7

 

sites

 

from

 

the

 

Bulli

 

Seam

 

at

 

W est

 

Cliff

 

Colliery .

 

G ases

 

together

 

with

 

any

 

accom panying

 

w aters

 

w ere

 

taken

 

from

 

40 m m

 

diarn eter

 

holes

 

drilled

 

to

 

a

 

depth

 

of

 

2-3

 

m

 

into

 

the

 

virgin

 

coal.

 

W hen

 

available,

 

coal

 

sam ples

 

containing

 

calcite

 

w ere

 

taken

 

in

 

the

 

vicinity

 

of

 

each

 

gas

 

sam pling

 

som e

 

light

 

site.

 

A nalytical

 

procedures

 

A n

 

initial

 

chrom ato-

graphic

 

analysis

 

of

 

the

 

gases

 

show ed

 

the

 

absence

 

of

 

hydrocarbons

 

other

 

than

 

m ethane.

 

T herefore

 

the

 

gas

 

com ponents

 

w ere

 

conveniently

 

separated

 

PD B

 

and

 

m easured

 

and

 

the

 

m ethane

 

com busted

 

to

 

carbon

 

dioxide

 

in

 

a

 

m odified

 

version

 

of

 

the

 

PD B

 

apparatus

 

of

 

SAKAI

 

et

 

al.

 

(

 

1976).

 

Aliquots

 

of

 

m ine

 

w ater

 

w ere

 

acidified

 

with

 

phosphoric

 

acid

 

and

 

the

 

liberated

 

carbon

 

dioxide

 

w as

 

m easured

 

m anom etrically

 

after

 

purification

 

and

 

d ry ing.

 

Calcite

 

sam ples

 

w ere

 

reacted

 

with

 

I

 

OO%

 

phosphoric

 

acid

 

by

 

the

 

m ethod

 

of

 

M CC REA

 

(1950)

 

an d

 

the

 

liberated

 

carbon

 

dioxide

 

w as

 

m easured

 

as

 

before

 

after

 

drying

 

and

 

purification.

 

13C/12C

 

ratios

 

in

 

the

 

carbon

 

dioxide

 

w ere

 

determ ined

 

on

 

a

 

M icrom ass

 

602

 

m ass

 

spectro-

m eter.

 

M easured

 

ratios

 

w ere

 

converted

 

to

 

ai3C

 

values

 

by

 

the

 

following

 

equation,

 

613C oyoo

 

P D B

 

=

 

13C /12Cunknown

 

~

 

13C /12C

 

P D B

 

13C/12C

 

P D B

 

X

 

1 03

 

and

 

corrected

 

according

 

to

 

C RAIG

 

(

 

1957).

 

C ations

 

dissolved

 

in

 

m ine

 

w aters

 

w ere

 

deter-

m ined

 

by

 

direct

 

com parison

 

with

 

standards

 

usin g

 

flam e

 

atom ic

 

absorption.

 

T he

 

rate

 

of

 

attack

 

of

 

carbon

 

dioxide

 

on

 

calcite

 

in

 

an

 

actual

 

m in e

 

specim en

 

w as

 

estab-

lished

 

as

 

follows.

 

A

 

Ium p

 

sam ple

 

of

 

coal

 

from

 

th e

 

Y oung

 

Borehole

 

Seam

 

display in g
 

a
 
prom i-

nent
 

fracture
 

w as
 
encased

 
in

 
polyester

 

resin

 

and

 

cut

 

with

 

a

 

diam ond

 

saw

 

to

 

provide

 

tw o

 

'm irror

 

im age'

 

slices

 

of

 

coal.

 

These

 

w ere

 

photographed

 

an d

 

then

 

im m ersed

 

in

 

separate

 

water-filled

 

con-

tainers

 

at

 

22'C;

 

car bon

 

dioxide

 

w as

 

bubbled

 

continuously

 

through

 

one

 

and

 

nitrogen

 

through

 

the

 

other.

 

A fter

 

5

 

days

 

the

 

specim ens

 

were
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coal

 

m ine
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Table

 

1.

 

Concentrations

 

and

 

isotopic

 

compositions

 

of

 

carbon-containing

 

species

 

collected

 

at

 

West

 

Cliff

 

Colliery

 

Bicar bonate

 

C02

 

content

 

of

 

conce ntration

 

of

 

seam

 

gas*

 

seam

 

water

 

6

 

13C

 

of

 

C02

 

in

 

(%

 

v/v,

 

air

 

free)

 

(ppm

 

HC O~)

 

seam

 

gas

 

Car bon

 

isoto

 

e

 

ratios

 

613C o

 

PDB

 

of

 

Bulli
 

Seam

 

m aterials

 

813C

 

of

 

HCO ~

 

in

 

613C

 

of

 

CH4

 

in

 

813C

 

of

 

calcites

 

seam

 

water

 

seam

 

gas

 

in

 

coal

 

cleaots

 

t

 

0.5

 

0.8

 

1.0

 

1.0

 

1

 

.2

 

1.3

 

2.8

 

3.9

 

6.0

 

6.5

 

7.0

 

12.0

 

16.2

 

20.2

 

24.6

 

50.5

 

75.0

 

4255

 

6322

 

7211

 

7269

 

+13.7

 

+15.7

 

+10.8

 

+

 

6.5

 

+

 

6.5

 

+

 

5.4

 

+

 

0.8

 

+

 

0.5

 

-

 

4.8

 

-

 

5.6

 

-

 

1.8

  

8.6

 

-10.7

 

-10.0

 

-

 

5.6

 

-

 

7.0

 

-

 

7.2

 

+22.3

 

+

 

8.4

 

+

 

2.6

 

+

 

2.8

 

-54.8

 

-46.9

 

-5

 

6.

 

1

 

-55.3

 

-56.8

 

-58.0

 

-5

 

4.5

 

-5

 

0.4

 

-5

 

7.6

 

-5

 

6.

 

1

 

-57.8

 

-55.1

 

-58.6

 

-5

 

8.

 

1

 

-5

 

3.4

 

-5

 

4.

 

1

 

-5

 

2

 

.

 

3

 

+17.3

 

+16.3

 

+14.8

 

*

 

f

 

Seam

 

gases

 

consisted

 

of

 

C02,

 

CH4

 

and

 

traces

 

of

 

air

 

only.

 

Th e

 

three

 

calcites

 

examined

 

could

 

not

 

be

 

related

 

to

 

speafic

 

gas

 

sam pling

 

points

 

but

 

were

 

taken

 

from

 

the

 

mine

 

area

 

in

 

which

 

the

 

seam

 

gas

 

contained

 

less

 

than

 

2%

 

v/v

 

C02.

 

rem oved,

 

dried,

 

exam ined

 

and

 

re-photographed.

 

Cations

 

dissolved

 

in

 

the

 

w ater

 

w ere

 

also

 

deter-

m ined.

 

mine

 

but

 

C 02

 

concentrations

 

increase

 

an d

 

C02

 

813C

 

values

 

decrease,

 

according

 

to

 

Fig.

 

1,

 

as

 

the

 

proposed

 

external

 

source

 

of

 

the

 

carbon

 

dioxide

 

R

 

ESULTS

 

The

 

chem ical

 

com position

 

of

 

seam

 

gases

 

an d

 

the

 

813C

 

val ues

 

of

 

carbon

 

dioxide

 

an d

 

m ethane

 

in

 

seam

 

gases,

 

bicarbonate

 

in

 

solution

 

in

 

m ine

 

waters

 

an d

 

calcite

 

are

 

show n

 

in

 

Table

 

l.

 

W ater

 

w as

 

only

 

collected

 

with

 

the

 

gas

 

at

 

four

 

sites.

 

C alcite

 

w as

 

not

 

seen

 

at

 

all

 

in

 

ar eas

 

of

 

high

 

carbon

 

dioxide

 

concentration.

 

It

 

appeared

 

not

 

to

 

be

 

com m on

 

in

 

other

 

sections

 

an d

 

the

 

sam ples

 

taken

 

w ere

 

often

 

considerably

 

rem oved

 

from ,

 

an d

 

difficult

 

to

 

relate

 

to,

 

actual

 

gas

 

sam pling

 

points.

 
Table
 
I

 
shows

 
clearly

 
that
 
with

 
in creasin g 

carbon

 

dioxide

 

concentrations

 

in

 

seam

 

gases

 

the

 

13C

 

content

 

of

 

the

 

carbon

 

dioxide

 

decreases

 

progressively.

 

This

 

inform ation

 

is

 

also

 

show n

 

graphically

 

in

 

Fig.

 

I

 

together

 

with

 

a

 

theoretical

 

m ixing

 

curv e

 

for

 

the

 

dilution

 

of

 

seam

 

gas

 

carbon.

 

dioxide

 

(concentration

 

0.6 %,

 

813C

 

value

 

+

 

200/00

 

PD B)

 

w ith

 

extern ally

 

produced

 

carbon

 

dioxide

 

(613C

 

value

 

-

 

80/00).

 

V ar iations

 

in

 

seam

 

gas

 

com position

 

do

 

not

 

occur

 

at

 

random

 

within

 

the

 

100

 

50

 

v)

 

lO

 

~

 

2

 

<

 

~ 5

 

ｪ

 

o

 

u

 

1

 

o s

 

,

 

,

 

,

 

e

 

e

 

,

 

l l e

 

,

 

,

 

,

 

,

 

e

 

+20

 

+15

 

+10

 

+5

 

~10

 

13

 

s

 

c('/"

 

POB)

 

Fl~.

 

I

 

Isotopic

 

com position

 

of

 

carbon

 

dibxide

 

relative

 

to

 

concentration

 

of

 

carbon

 

dioxide

 

in

 

seam

 

gas

 

of

 

W est

 

Cliff Collie'y

 

(e).

 

The

 

theoretical

 

m tr ing

 

curve

 

for

 

dilution

 

of

 

seam

 

gas

 

C0 2

 

(613C

 

+200yoo)

 

w ith

 

externally

 

produced

 

C 02

 

(138 C

 

- 80yoo )

 

is

 

show n.
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J.

 

W .

 

SMITH

 

and

 

K.

 

W.

 

G O ULD

 

is

 

approached.

 

If

 

the

 

single

 

813C

 

val ue

 

of

 

- 46.90/00

 

PD B

 

is

 

rejected

 

as

 

probably

 

being

 

erroneous,

 

the

 

613C

 

value

 

for

 

m ethane

 

rem ains

 

relatively

 

constant

 

at

 

- 55.6 ｱ

 

2.30/00

 

PD B

 

in

 

spite

 

of

 

the

 

m ajor

 

variations

 

in

 

the

 

concentration

 

of

 

associated

 

car bon

 

dioxide.

 

Consequently

 

isotopic

 

exchange

 

between

 

these

 

gases

 

m ust

 

be

 

regar ded

 

as

 

min im al

 

and

 

certainly

 

insufficient

 

to

 

ai ter

 

the

 

isotopic

 

com positions

 

of

 

either

 

com ponent

 

m easurably.

 

T he

 

differences

 

in

 

13C

 

contents

 

betw een

 

bicarbonate

 

and

 

carbon

 

dioxide

 

gas

 

collected

 

at

 

particular

 

sites

 

range

 

from

 

+6.6

 

to

 

+8.40/00

 

PD B

 

with

 

an

 

average

 

A13C(H C03

 

aq

 

-

 

C 02

 

gas)

 

value

 

of

 

+7.60/00.

 

This

 

isotopic

 

difference

 

com -

pares

 

very

 

w ell

 

with

 

the

 

val ue

 

of

 

+8.00/00

 

Pre-

dicted by

 

F RIEDMAN

 

and

 

O 'N EIL

 

(1977)

 

for

 

isotopic
 

equilibrium

 

fractionation

 

betw een

 

bi-

car bonate

 

in

 

solution

 

and

 

carbon

 

dioxide

 

gas

 

at

 

25'C.

 

T he

 

813C

 

values

 

found

 

for

 

the

 

three

 

calcites

 

from

 

sections

 

w here

 

the

 

carbon

 

dioxide

 

content

 

of

 

the

 

searn

 

gas

 

is

 

low

 

are

 

also

 

generally

 

con-
sistent

 

with

 

the

 

establishm ent

 

of

 

isotopic

 

equi-

librium

 

between

 

these

 

and

 

the

 

var iably

 

13C-

enriched

 

carbon

 

dioxide

 

in

 

these

 

regions

 

(F RIEDMAN

 

and

 

O 'N EIL,

 

1977).

 

M ajor

 

cations

 

in

 

total

 

w ater

 

extracts

 

of

 

the

 

lum p

 

coal

 

specim ens

 

from

 

the

 

Y oung

 

Borehole

 

seam

 

are

 

listed

 

in

 

Table

 

2.

 

The

 

m uch

 

high er

 

concentrations

 

of

 

alkaline-earth

 

m etals

 

found

 

in

 

the

 

w ater

 

through

 

w hich

 

carbon

 

dioxide

 

had

 

been

 

passed

 

are

 

strong

 

indications

 

of

 

the

 

solu-

tion

 

of

 

calcite.

 

The

 

photographs

 

in

 

Fig.

 

2

 

Table

 

2.

 

Cations

 

in

 

total

 

w ater

 

extracts

 

of

 

coal

 

from

 

Young

 

B orehole

 

seam

 

(,4gat)

 

Fig.

 

2.

 

(a)

 

(c)

 

(d

 

)

 

and

 

(b)

 

M irror

 

im age

 

'

 

slices

 

of

 

Young

 

Borehole

 

coal.

 

Coal

 

slice

 

2(a)

 

after

 

im m ersion

 

in

 

water

 

and

 

passage

 

of

 

N2

 

for

 

5

 

days.

 

Coal

 

slice

 

2(b)

 

after

 

im m ersion

 

in

 

water

 

and

 

passage

 

of

 

C02

 

for

 

5

 

days.

 

Gas

 

passed

 

Fe

 

Na

 

Mg

 

Ca

 

Sr

 

N2

 

CO

 

1

 

400

 

40

 

760

 

7

 

86

 

470

 

160

 

5300

 

53

 

*

 

The

 

'slices'

 

of

 

coal

 

used

 

were

 

of

 

the

 

sam e

 

cross

 

section

 

(40m m

 

X

 

70m m)

 

with

 

a

 

thickness

 

of

 

5m m.

 

h ecise

 

w eights

 

of

 

the

 

coal

 

in

 

each

 

slice

 

could

 

not

 

be

 

determ ined

 

owing

 

to

 

these

 

being

 

encased

 

in

 

resin.

 

A ccordingly

 

the

 

comparison

 

of

 

extracts

 

is

 

m ade

 

on

 

the

 

basis

 

of

 

total

 

soluble

 

cations

 

(pg).

 

clearly

 

dem onstrate

 

this

 

to

 

be

 

the

 

case.

 

In

 

the

 

control

 

experim ent

 

w here

 

nitrogen

 

gas

 

w as

 

passed,

 

no

 

significant

 

alteration

 

in

 

the

 

m ineral

 

filling

 

of

 

the

 

fracture

 

can

 

be

 

seen,

 

how ever,

 

w here

 

carbon

 

dioxide

 

w as

 

used,

 

the

 

fracture

 

filling

 

w as

 

largely

 

dissolved.

 

D ISCUSSION

 

Seam

 

gas

 

containin g

 

~<

 

2%

 

car bon

 

dioxide,

 

strongly

 

enriched

 

in

 

13C,

 

can

 

be

 

reconciled

 

readily

 

with

 

previous

 

isotopic

 

studies

 

of

 

car-



C02

 

in

 

coal

 

m ine

 

outbursts

 

31

 

bonates

 

in

 

norm al

 

coals

 

(S MITH,

 

1978;

 

G OULD

 

and

 

S MITH,

 

1979)

 

an d

 

with

 

the

 

low

 

organ ic

 

oxygen

 

content

 

of

 

the

 

Bulli

 

Seam

 

coal

 

(5 %

 

dry ,

 

ash-free

 

basis).

 

Such

 

gas

 

is

 

therefore

 

recognized

 

as

 

resulting

 

from

 

norm al

 

m aturation

 

processes.

 

B oth

 

the

 

isotopic

 

com position

 

and

 

volum e

 

of

 

the

 

'lighter'

 

carbon

 

dioxide

 

ar e

 

inconsistent

 

with

 

the

 

coal

 

being

 

the

 

source

 

for

 

this

 

gas.

 

R ather

 

they

 

indicate

 

a

 

probable

 

igneous

 

source,

 

a

 

likely

 

origin

 

in

 

view

 

of

 

the

 

local

 

igneous

 

activity,

 

although

 

a

 

m ajor

 

contribution

 

of

 

atm o-

spheric

 

car bon

 

dioxide

 

in

 

m eteoric

 

w aters

 

is

 

not

 

isotopically

 

prohibited.

 

Indeed,

 

from

 

the

 

strong

 

association

 

betw een

 

the

 

outbursting

 

of

 

gas

 

and

 

coal

 

an d

 

faulting

 

at

 

W est

 

Cliff

 

Colliery

 

(SHEPHERD

 

and

 

C REASEY,

 

1979),

 

it

 

seem s

 

that

 

the

 

latter

 

m ay

 

very

 

well

 

provide

 

a

 

m eans

 

of

 

access

 

for

 

car bon

 

dioxide

 

from

 

an

 

extern al

 

source.

 

Certainly

 

the

 

generaily

 

accepted

 

813C

 

value

 

for

 

carbon

 

dioxide

 

of

 

igneous

 

origin,

 

_ 70100

 

PD B

 

(H OEFS,

 

1973),

 

agrees

 

very

 

w ell

 

with

 

the

 

values

 

reported

 

here.

 

F urtherm ore

 

the

 

data

 

on

 

the

 

chem ical

 

an d

 

isotopic

 

com position

 

of

 

the

 

seam

 

gases

 

(T able

 

I

 

)

 

preclude

 

isotopic

 

exchange

 

from

 

influencing

 

these

 

reuslts.

 

The

 

occurrence

 

of

 

13C-enriched

 

car bonates

 

together

 

w ith

 

traces

 

of

 

correspondingly

 

enriched

 

car bon

 

dioxide

 

in

 

the

 

seam

 

gas

 

are

 

general

 

features

 

of

 

stable

 

bitum inous

 

coal

 

m ines

 

an d

 

m ine

 

sections.

 

Their

 

frequent

 

absence

 

in

 

faulted,

 

wet

 

sections

 

together

 

w ith

 

the

 

ap-

pearan ce

 

in

 

these

 

sections

 

of

 

very

 

high

 

con-

centrations

 

of

 

carbon

 

dioxide

 

with

 

a

 

greatly

 

depleted

 

13C

 

content

 

(- 8

 

to

 

- 100100

 

PD B)

 

ap-

pear

 

to

 

be

 

related

 

events

 

(S MITH,

 

G OULD

 

and

 

RIGBY

 

,

 

in

 

preparation).

 

It

 

has

 

been

 

show n

 

(Fig.

 

2)

 

that,

 

in

 

the

 

laboratory,

 

cal cium

 

carbonate

 

m ay

 

be

 

solubilized

 

in

 

w ater

 

as

 

bicar bonate

 

by

 

the

 

passage

 

of

 

carbon

 

dioxide

 

gas.

 

A

 

sim ilar

 

solution

 

of

 

carbonate

 

m ay

 

be

 

visualized

 

in

 

these

 

coal

 

m ines

 

w here

 

high

 

concentrations

 

of

 

car bon

 

dioxide

 

exist

 

in

 

seam

 

gas

 

and

 

w ater

 

is

 

abundant.

 

In

 

the

 

zone

 

liable

 

to

 

gas

 

outbursting

 

at

 

the

 

W est

 

Cliff

 

Colliery ,

 

high

 

concentrations

 

of

 

'light'

 

car bon

 

dioxide

 

occur

 

and

 

cal cite

 

is

 

entirely

 

absent,

 

possibly

 

as

 

the

 

result

 

of

 

the

 

sam e

 

reaction.

 

T herefore

 

the

 

data

 

presented

 

here

 

allow

 

another

 

suggestion

 

to

 

be

 

m ade

 

to

 

account

 

for

 

the

 

greater

 

incidence

 

of

 

gas

 

outbursting

 

in

 

carbon

 

dioxide-rich

 

zones

 

of

 

m ines.

 

In

 

term s

 

of

 

the

 

problem

 

of

 

outbursting

 

these

 

data

 

are

 

interp reted

 

as

 

follow s.

 

The

 

developm ent

 

of

 

a

 

coal

 

m ine

 

and

 

the

 

drivin g

 

of

 

additional

 

headings

 

or

 

entries

 

disturb

 

the

 

existin g

 

hydrostatic

 

bal ance

 

an d

 

fl uids

 

flow

 

in to

 

the

 

m ine.

 

In

 

regions

 

of

 

igneous

 

activity,

 

reserv oirs

 

of

 

carbon

 

dioxide,

 

w ater

 

and

 

other

 

fl uids

 

m ay

 

exist

 

together

 

with

 

extensive

 

faulting.

 

W here

 

m in e

 

openings

 

approach

 

faults,

 

Iocalized

 

accelerated

 

fl ow s

 

of

 

externally

 

derived

 

fluids

 

m ay

 

occur

 

and,

 

if

 

these

 

flows

 

contain

 

carbon

 

dioxide

 

and

 

w ater,

 

pre-existing

 

carbonates

 

filling

 

cleats

 

and

 

fractures

 

deep

 

w ithin

 

the

 

virgin

 

coal

 

w ill

 

be

 

dissolved

 

at

 

depth

 

and

 

transported

 

tow ar ds

 

the

 

w orking

 

face

 

and

 

m ine

 

openings

 

as

 

bicarbonate.

 

T here,

 

the

 

evaporative

 

effects

 

of

 

m ine

 

ventilation

 

m ay

 

cause

 

deposition

 

of

 

the

 

dissolved

 

carbonate

 

species.

 

In

 

the

 

absence

 

of

 

detailed

 

inform ation

 

on

 

the

 

relative

 

resistances

 

of

 

cleat

 

fillings

 

and

 

blocky

 

coals

 

to

 

shear,

 

it

 

does

 

not

 

appear

 

im -

probable

 

that

 

rem oval

 

of

 

the

 

form er

 

m ay

 

reduce

 

the

 

bulk

 

strength

 

of

 

the

 

coal.

 

Certainly

 

som e

 

additional

 

degree

 

of

 

freedom

 

of

 

m ovem ent

 

will

 

be

 

allow ed

 

and

 

presum ably,

 

as

 

a

 

result,

 

indi-

vidual

 

blocks

 

of

 

coal

 

will

 

no

 

longer

 

be

 

so

 

firm ly

 

bonded.

 

C onsequently

 

if

 

all

 

other

 

factors

 

re-

m ai n

 

equal,

 

e.g.

 

gas

 

pressure,

 

in trinsic

 

coal

 

strength,

 

etc.

 

,

 

the

 

tendency

 

to

 

outburstin g

 

is

 

likely

 

to

 

be

 

increased

 

under

 

these

 

conditions.

 

Furtherm ore,

 

since

 

in

 

localized

 

regions

 

of

 

ac-

celerated

 

fluid

 

flow

 

the

 

virgin

 

coal

 

will

 

probably

 

be

 

affected

 

to

 

a

 

considerable

 

depth

 

beyond

 

the

 

w orking

 

face

 

by

 

m ovem ent

 

of

 

fluids

 

tow ards

 

the

 

face,

 

the

 

typical,

 

tunnel-1ike

 

openings

 

caused

 

by

 

outbursts

 

m ay

 

be

 

expected.

 

Since

 

the

 

solution

 

of

 

car bonate

 

in

 

cleats

 

w as

 

achieved

 

in

 

a

 

few

 

days

 

in

 

the

 

laboratory,

 

rapidly

 

and

 

w ater

 

changi ng

 

conditions

 

in

 

coal

 

m ines

 

m ay

 

also

 

be

 

expected,

 

w ith

 

outbursts

 

possibly

 

follow ing

 

closely

 

behind,

 

or

 

even

 

just

 

preceding
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J.

 

W .

 

S MITH

 

and

 

K.

 

W .

 

G OU LD

 

the

 

penetration

 

of

 

the

 

seam

 

w orking

 

face

 

by

 

carbon

 

dioxide

 

rich

 

fluids.

 

C ON CL USIO N

 

It

 

is

 

concluded

 

from

 

the

 

experim ental

 

data

 

presented

 

here

 

that

 

in

 

studies

 

of

 

outbursting

 

in

 

carbon

 

dioxide-rich

 

zones

 

of

 

coal

 

m ines

 

another

 

factor
 

to
 

be
 

considered
 
in

 
assessing

 
the

 
situation

 

is

 

the

 

possible

 

w eakening

 

of

 

the

 

coal

 

stru cture

 

by

 

conversion

 

of

 

car bonate

 

to

 

bicar-

bonate

 

and

 

rem oval

 

in

 

solution

 

in

 

mine

 

water.

 

INDUSTRIAL

 

A ppLICATION

 

A

 

further

 

possible

 

application

 

of

 

the

 

views

 

developed

 

here

 

has

 

arisen

 

as

 

a

 

result

 

of

 

discus-

sions

 

with

 

M r.

 

L.

 

G RIFFITHS

 

Of

 

M oss

 

Vale,

 

N SW.

 

The

 

drainage

 

and

 

collection

 

of

 

natural

 

gases

 

from

 

sedim entary

 

rocks

 

is

 

frequently

 

ham pered

 

by

 

the

 

low

 

perm eabilities

 

of

 

the

 

rocks.

 

A m ongst

 

the

 

m ethods

 

utilised

 

to

 

im prove

 

gas

 

fl ow s

 

by

 

opening

 

the

 

sedim entary

 

structures

 

are

 

fractur-

in g

 

and

 

the

 

in troduction

 

of

 

additives

 

under

 

pres-
sure.

 

A s

 

show n

 

above,

 

carbonic

 

acid

 

is

 

an

 

excellent

 

solvent

 

for

 

cal cite.

 

Since

 

the

 

occur-

rence

 

of

 

carbonates

 

as

 

fillings

 

in

 

cleats

 

and

 

fractures

 

in

 

coal

 

is

 

com m on,

 

the

 

introduction
 

of
 

carbon
 

dioxide
 
and
 
w ater

 
in to

 
such

 
a

 
system

 

under

 

pressure

 

m ight

 

w ell

 

result

 

in

 

the

 

solution

 

of

 

the

 

carbonates

 

and

 

rem oval

 

of

 

these

 

in

 

the

 

w ater

 

flow

 

as

 

bicar bonate.

 

T he

 

rate

 

of

 

release

 

of

 

m ethane

 

from

 

coal

 

opened

 

in

 

this

 

m anner

 

w ould

 

be

 

expected

 

to

 

be

 

considerably

 

increased.

 

In

 

order

 

to

 

produce

 

a

 

sal eable

 

product,

 

separation

 

of

 

excessive

 

carbon

 

dioxide

 

from

 

natural

 

gas

 

is

 

often

 

required.

 

In

 

such

 

circum -

stances,

 

it

 

is

 

suggested

 

that

 

retum

 

of

 

the

 

separat-
ed

 

carbon

 

dioxide

 

to

 

the

 

sedim entary

 

rocks

 

under

 

pressure

 

m ight,

 

in

 

itself,

 

further

 

prom ote

 

the

 

fl ow

 

of

 

m ethane

 

by

 

opening

 

otherwise

 

highly

 

im perm eable

 

strata.
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