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ABSIRACT

In underground coal mines wbere higb lerrels
of seam ga.!r may present a safety hazard,
planning of new de'relopments needs to be
based on a prior estination of gassiness of
the area to be mined. Measurements of sea:n
gas content hare become a routine activity in
Australiqn underground coal mines' Anottrer
area cfrere the knowledge of gas content is
inportrnt is gas utilisation. In Australia,
capture of methane fronr some deep coal
measures is currently being considered and
initial exploration drilling has been under-
taken.

The method currentiy used by tbe AusEeliqn
coal indusuy is a modification of the US Bu-
reau of Mines method which consists of
measuring the volume of gas desorbed from
cored or lump srmples of coal sealed in a
ssntqinsl. The 6ein problem with this
method is the length of time required to ac-
complish the test. For fast desorption rate
an average of one montb is needed to reach
the flat part of tbe desorption curve. For
slow desorption rates, tbe desorption period
can be as long as 4 montbs. The other draw-
backq of this method are identilied further
dowu in this paper. The time required for
completion of a test can be a signilicant
problem particulaily in coal sea:ns witl out-
burst history wherc tbe assessment of gas
content ueeds to be done in the space of days
to main&rin a high rate of coal production.

Tbis paper presents a brief description of
equipment desig;n for the rapid measurement
of gas coutent in coal samples and com-
pares some resulB of gas content tests ob-
Fined with this metbod and those obtained
in thc traditional way.

Three different sets of equipment haw been
constructed c/hich can measure gas content
by pulwrising coal samples. Tbis allows tbe
acceleradon of the gas desorption tate. Coal
samples of 3G50 g or 200-3009 or 1000 to

L?Co g can be loaded and tested using the
three gas content test apparatus. The results
of tests are lnown in less tban 2-3 hours.
Core sanples frour in-seam drilling were
collected and tested using the USBM and the
CSIRO (rapid desorption) metlods. With
correction for the residual gas content, the
two methods !8r/€ similqr results.

Effect of coal sample size also was studied.
The medium and small crushers were used to
determine tbe gas content of samples of tbe
weight 15 to 30 g and 200 to 3009 respec-
tively. For the range of studied gas contents,
no diJference in the results of the two sizes
were observed.

INTRODUCTION

Importancc of determinatlon of gas content

In a gas control and/or prediction project,
the first most important para-neter to meas'
ure is tbe gas content of the mined seam
and, if feasible, tbc gas contents of the ad'
jacent coal seans. This is palticulatly impor'
tart for tlose mines tbat experience gas out'
bursting or high gas emission rates during
mining. For such mines, based ou past expe-
rience, a gas content threshold is generally
set. This gas content identifies tbe zones of
hazardous mining'. Wbererar tbis limit is
exceeded some kind of pretrentive measure
is undertaken to alleviate the area. The
outburst-prone mines may bave different
tbresbold contents tban the mines with higb
gas emission. In the outburst situation, gas
coutent , gas pressure gadient and rate of
desorption are all rary important. Howewr
for higb gas emission rates, gas content is of
parrmount importance. Otber factors, related
to the coal structure, also influence gas re'
lease. For exa.mple rariation in tbe perme-
ability of coalbed may create a zone of bigb
pressure gradient cfiich wben combined with
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mechanical properties of coal may give rise
to an outburst when the coal face is close to
this zone. OutbursB occur most frequently in
those mines with mixed gas and a higber per'
cent of carboir dioxide. This is to be expected
as, for tbe same pressure, coal adsorbs a
larger .olume of carbon dioxide than meth-
ane. Methane explosions can occur when the
mine atmosphere has a concentratiou of 5 to
lSVo of methane and such a concentralion is
generally produced ia minss witb high meth-
ane contents in the coal seams. However,
there are cases of explosions in mines with
wry low gas content. In France a nethane
erylosion occurred in a mine with only 0.5
m'/t total gas content (Jeger, 1992). The gas
content test thctefore, should not onlybe re-
sened for gassy areas atrd it is a good prac-
tice to routinely dercrmine gas content dur'
ing face adrance.

Apart ftom safety concerns in underground
coal mines, I new area of gas utilisation re'
quires e$ensilt measurement of in-situ gas
conteut. An accurate and rapid method of
gas coDtent test can be used to guide the
6fuilling progutr and produce a less expen-
siw aud morc acculate estimation of tbe gas
reser!?.

Deflnltlon of gas content

values of the gas content of coal samples
appear frequently in techhical reports and
meetings. Ilowever it seens that a universal
definition is uot lrt accepted or understood.
Recently, the Australian Standards Associa-
tions has published a'Guide to the determi-
nation of desorbable gas content of coal
seems-Direct method' (1991), In that reporL
the gas cotrtent of a coal sanple is presented
alr -a) lost gas, v/tich is tbe gas lost during
d5illing or prior to any mealiurement, -b)

measr:rablc gas, or thc gas e\rch€d at atmos-
pheric pressurc fton tbe non-pulverised sa.nn-
ple, and -c) residual gas, qihich is released if
1trs srmple is crushed at atmospheric pres-
sure. The symbols Qt' Qz and Qr respectir/tly
are used to identify tbese tbree components
of the gas content. The 'desorbable gas con-
tent' is defined as tbe sum of Q1 and Qz,
wbile the 'total desorbable gas content' is
gir,en as Qr, Qz and Qr. Tbis approacb can
be compared with tbose carried out by tbe
USBM and in Europe. In the USBM
metbod tbere is Do Q: determination with

tle methane desorption into the collection
cylinder occurring with a methane partial
pressure of one atmospbere (Kissell et aL
1973). In the French coal researcb centre
(CERCI{AR) method, adopted by the Coal
Directorate of the Commission of the Euro-
pean Communities (Handbook for the
Qsalminiag Industry, 1980), the 'desorbable

gas conteat'of coal is defined as the quan-
tity of gas given off whea the coal passes
from equilibrium wi& gas at seam pressure
to equilibrium with gas at atmospheric pres-
sure in normal conditions. The terms Q r, Qa
ud Qs are defined as follows (Bertard et
al., 1970), Qr is the gas wbich is released
(lost) between the moment of coal e)craction
and wheu the sample is sealed in a canister
for transport. Qz is the gas released into the
canister during transport ftom underground
to the surface and then to the laboratory. In
the laboratory tbe sample is put in a con-
[ainer, flushed with gas and crusbed at at-
mospheric pressure. The released gas is des'
ignated as Qr . The desorbable gas content
is defined as the sum of Qr, Qz ana qr.

The situation becomes more complicated
when tbe coal sample contains mi:ad gas.
The USBM method makes no distinction'
whereas the CERCHAR metbod does, by
defining thc total gas as the quantity of gas
released if coal is crusbed under a gas rela'
tiw pressure of nil. The reason is that for a
mi:<ed gas the definition of gas content be'
comes less accurate and the value measured
may corespond to any partial pressure' The
partial pressure for each component is less
than one atmosphere during tbe wbole test
and tbe partial pressure for eacb gas
cbanges during the test depending on initial
composition in the sanple and kinetics of
desorption for each gas. The gas content test
with the traditional method for mi:<ed gas
therefore carry the inaccuracy of a pressure
defrnition as the gas composition cbanges
during desorption.

But for this paper we adopt tbe Ausralian
Standards definition and use the term 'total

desorbable gas content' as tbe sum of Qt,
Qz, and Qr released at atmospberic pressure
and without distinction between methane
and mixed gas.
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Tladtdonal method of gas content test
(Modltred USBM method)

The in-situ methane content of coal seans is
traditiodally measured by uking a section of
a core, typically 5-10 kg in weigbt placing it
in a container and monitoring tbe release of
methane by collecting the gas in a bell'jar.
The rarc of desorption is such that it can take
sewral weeks to obtain an accurate determi'
nation. Cteady, a more rapid procedure
would ha.,p benefits in speeding up decisions
with regard 1e mins develoPment.

METEODOLOGY

Rapld desorpdon method

The 'rapid desorption metlod' is based on
the fact that tbe rate of release of gas from
coal is determined by diffr:sion of gas witbin
the coal particle and is tberefore dependent
on ttre particle size. If a diffusion coefficient
of 10l0-cm2/s is assumed for the gas, then
tbe theoretical solution of tbe diffitsion equa-
tion for a spherical sample ( Gunther' 1965)
suggests that if tbe diameter of coal grains is
reduced to 1 micron, then only 2 seconds is
needed for release of. 904o of gas contained
in the sample. Howercr if the grain size werc
I cm then 15 years would be needed to re'
lease the same ,mount of gas (network of
fractures within the coal sample keep the
desorption rimo to much less than 15 years).

Three sets of equipment were constructed,
each operating on the same principle, namely
crusbing the coal sample with a steel ball by
sheking it, vertically, inside a stainless steel
',essel Tbe difference between the tbree sets
vas size of the sample container and hence
the wigbt of tbe coal sa:nple used for the
metbane dercrmination. The sa.nple sizes
were 30 g, 300 g and 1.25 kg and brief de-
scription of tbese containers follows:

30 g contalner

ffus snqlls5t container consisted of a 138sun
x 30mm O.D. with 3mm wall stainless steel
tube, closed at one end and threaded on the
outside at the other end to uke a screw-on
cap. The gas-tigbt seal between tbe tube and
the cap consisted of a Teflon wasber. The gas
outlet consisted of a small bole in tbe cap
leading to a 3 -- O.D. stainless steel tube

closed by an on/off valw (Whitey) mounted
about 15 mm above the cap.

3(X) g contalner

This consisted of a 300 mm x 75 run OD x 3
mm ',rnll Vs tube, closed at one end and in-
ternally threaded at tbe other to accept a
screw-in cap. The final 6 mm of the tube was
recessed to form a sealing surface for an o-
ring mounted on a corresponding sboulder
on the cap; this constituted the gas-rigbt seal.
The useful internal length of the tube was 150
m:n uhen the cap was fitted. The gas outlet
was via a 3 mm flexible hose closed by a
Whiteymlve.

125I<g contalner

This was identical to the 300 g container, ex-
cept thc length was increased to 530 mm witb
a useful internal lengtb of 500 mm.

Crushtng procedure

The 30 g and 300 g conlainers were mounted
on top of reciprocating pistons. Specially de'
signed holders were bolted to the tops of the
pistous to firmly retain the containers. For
tbe ssraller one, a cylinder/piston assembly
fton a small air compressor was used, whilst,
for the larger one, a water-cooled car engine
block was used. Tbe strokes were 60 srm and
80 mm respectirrclS and both were driven by
electric motors generally at a ftequency of a
few Hz. The largest container was mounted
on a ftamework whicb, in turn, was mounted
via linear bearings on two slides. The assem-
bly was connected in tbc usual way to an
electric motor to provide reciprocating mo-
tion with a ftequency of about 5 Ha the
stroke being 200 mm.

The crushing, which was effected by steel
balls, was carried out continuously for the
ssrallest container but was intcrrupted at in'
terrals throughout the crusbing cycle for the
otber two. Tbe purpose of this was to avoid
carry over of fine coal dust witb tbe evol'aed
seam gas. Ifence, whilst tbe crushing mills
were in action, the on/0ff val'res were closed.
Sea.m gas was only allowed to escape into the
gas measuring slstem after the dust had been
allowed to settle in the container for about a
minute or so. For the 300 g and 1.25 kg size
equipment, sintered metal filters were saUed
because of tbe greater quantities of coal and
gas erolution. Thesc were mounted on tbe
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screw-in end caps. The filters nominally re-
mor,ed dust greater than 7.5 pm in dia:neter
and could be cleaned by back-flushing with
compressed nitrogen. Tbe intermittent nature
of the crushtng prelEnts tlese filters from
cloggiag.

Gas msurern nt

The containers were connected via flexible
tubing and on/off viahrcs to inwrted measur-
ing cylinders fille6t with acidulated warer.
During the interruptions in the crushing cy-
cle, tbe ralrcs were gradually opened to aUo*
ssam ttr to escape and bubble into the cvlin-
ders. Provision was made for taking a sample
of the gsrm gas for analpis by gas chroma-
tography.

Empirically, it was found that the diameter of
the steel balls for effecti.ae crushing was lg
mm and 25 mm for the 30 g and 300 g con-
teinsls respectirely. For the largest con_
triner, 2 X 25 rnn lrlk g/e19 Uggd.

The time required to crush the coal samples,
sucb tbat there was uo further gas emission,
was 20 - !Q min for the 30 g container and I -
2h fot the ot[ers. The time nried with coals
from different s€lms. After tbese times it was
found that 70% of the coal saurple had been
puharised to less than 90 pm.

RESULTS AIYD DISCT'SSION

Comparlson of results from rapld
desorpdon wlth tradldonal methods

Comparison has been made of fte gas con-
teuts measlued with the above equipment
and thosc using tbe traditional desorption
equipment (USBM method). In-sea.sr dri[-
ings iu four difierent sites were undertaken
and cores ccre taken deep into tbe sean.
Seam gas in all sites consisted of mi:ad gas.
At each driiling site, two canisters *!r"
Slled witb 2 parB of the sa.ne borecore.
One of the canisters was used for the radi-
tional test with tbe gas desorbed rolume be_
ing continuously monitored. Tbe results of
these tests are listed in Table l. The second.
canister was used to enluate the new method
of gas content testing. Initially this canister
was conuected to an inrerted cylinder and
erolved sas was measured by water displace-
ment. After a few days canister was opened,
s 5u6-semple vas rqLen for crushing and the

canister resealed again and connected to tbe
inverted cyiinder. The sub-sample was then
crushed and gas rolume measured. In Fig.l,
the procedure is shown for one of the snm-
ples. At point A, the gas erolved from the
sample sealed in a desorption canister was
Qz = 2.86mr/t,, a sub-sarnple was taken and
crushed while the rest of tbC sa:nple was al-
lowed to 1s6nin in the desorption canister.
Th: Cat evolred during crushing was el =
2.38 m'lt, rherefore the total desorbablj gas
content for, sa.mple 4 is equals to ez + el= 5.?A m'lt. We eryect therefore to reacb
this .talue if we let the sample in the canisrer
desorb for a sufEcient lengrh of time. In Fis
f. it can be seen chat the line C = 5.?1 m3i
can be considered as tbe aslmptote of the
desorption curve.

In Table 1, the results of four tests on bore-
cores are shown. The rolume of gas desorbed
before the first crushing is identified by ez ,
the gas rolume evolrcd during crushing is e3
. Qz + Qs is therefore 'total desorbable gas
content'. The sa.ure procedure was repeated
on the same u.mple after a few days: another
sub-sample was, taken from the canister and
was crusbed. Q z in Table I is the volume of
gas desorbed from start of desorption (after
flsilling) uutil tbe start of this new crushing.
Tle gas, desorbed during crushing is named
Qs.  Qz+ Ql  i sanothermeasuremento f
the 'total desorbable gas content' . To verify
tbe method is accurate one should compare
Qz + Q: 

's wio Q'z + Q'l 
's. ThesJ are

presented in Table 1.

A better measure of the ,accuragy of the
metbod is to plot C2 = Q z + e.r against
Cr = Qz + Ql and estimate the distance of
tbe points from line of equal-content, ie the
line C2 = Cr. In Fig. 2 tbe graph of meas-
ured couten6 and tbc line of equal-content
is given. The total deviation from ,the line of
equal gas content is dev = i X(Cr - Cz)21 0J
= ̂  0.79 m"/t for an alrrage deviation of 0.2
.3/t.

To compare tbe results obtained &om Oe
rapid desorption technique and the results of
tbe taditional methods the gas content result
in USBM column in Table 1 were adjusted
to represent the 'toal desorbable gas con,
tent'. Based on some residual gas conte-nt
tests on similar sanples a ralue of 0.5 m1t
was considered appropriate for tbis sample.
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In Table 2 tbe 'total desorbable gas content'
for each sample using two methods is given.
The gas content for rapid desorption method
is the a"rrage of Cr and Cz as described
abo,,e. -

The a'rerage deviation in the results between
the two methods was 0.4 m3/t over the four
tests (only one of the results from 4 and 5
was used in this analysis). In terms of relative
error using each of this methods produces
0.4/6.58= 6% difference in respect to the
other nethod (tbe a't/erage gas content for
the four srmples is 6.58 m'lt). In Fig 3. the
results of tbe two methods are compared
against the equal-content line.

The a.rerage difference of 6 Vo in results us-
ing the two techniques is very small and even
if we were using the sa:ne technique twice on
the same semple we could not expect a rari-
ation less than this nlue. Although the num-
ber of test in parallel is small , we think,
based on or€rsets experience and our knowl-
edge of gas desorption from coal sanples,
tbat thc results of the abore tests demon-
strate the validity of the rapid desorption
metbod.

Efiect olsample slze on gas content
determlnatlon

Construction of three ses of equipment witb
tbe capability of crushing coal samples of
substantielly different sizes allowed tbe inves-
tigation of the effect of the sanple size on
gas content determination.

Theoretically, for a given coal, one can ex-
pect that a cbange in size would produce
some scale effect and gas contents results
could rrary according to certain rules which
may be determined statistically.

If the moistue content of the coal does not
vary wry much, the reasons for any scale ef-
fect can be either, - due to tbe effect of fis-
sure/cleat netvork or, - due to the \adation
of ash content distribution across a segment
of coal seam; in our case across the borecore.

density is assumed to be 1.4, the effect of size
sbould disappear).

Allowance for variation in the ash contenr
distribution is difficult. In case of in-seam
drilling one can expect that along a small
length of core (300 mm) irs \ariation should
not be substantial. However, for sross-searr
drilling the ash contenr may vary largely
across the tbichess of coal seam. We sug-
gest that whenercr a gas content is deter-
mined, an ash content test be also under-
tqken and the gas content be defined on a
ftee-of -ash basis.

In Table 3, the results of gas contents deter-
mined using 30 g and 300 g samples irre pre:
sented. Fig. 4 compares tle two gas contents
by visualising the positions of eryeriment
points and the line of equal-content.

CONCLUSIONS

Three sets of equipment were constructed to
pulrcrise di-fferent size of coal samples and
measure tbe 'total desorbable gas conten!',
The results obtained show that the rapid gas
desorption method can be used to determine
tbe total desorbable gas content. A maxi-
mum of 2-3 hours is needed to determine the
gas content compared to few weeks by the
traditional method. Contrary to tbe tradi-
tional metbod, the gas content determined
witb the rapid desorption method is not de-
pendent upon the size of coal grains. More-
over in the case of a mi:red gas, Oe rapid
desorption method is more accurate because
tbe results of the tests are not affected by
different rates of desorption of methane and
carbon diodde.

The coal sanples of 2 diJferent sizes were
tested usitg the medium and small size
crusbers. The results of gas content tests
sbow no difference in ralues obtained for tbe
gan contents in the range of 0.4 to 3 m3/t.
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Figure 2. Comparison of gas con .
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Figure 3. conteut determination, trr

Table 1. Results of gas ron
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Cas conrent (rn3i), Rapid mahod

Sample Qr. Qe Q:. + Qe Q'r. Q,1 Q z + Q r
USBM
method

I 2.16
(3 davs)

4.t2
767o CIlt

O.ZU 4.37
(33 davs)

2.08
U% C.H

6.45 4.94
(35 davs)2.30

(2 davs)
1.96 4.26 J , 5  I

(7 davs)
0;58 3.95 4.29

(15 davs'lJ 7.43
(33 davs)

2.97
54% Clll;

10.40 9 .18
(3 davs)

0.99
80% CH,

10.17 10.50
(48 davs)

A l
2.86

(1 dav)
238

57% &l^
5.24 5.01

(15 davs'l
0.91

89%er
5.9r 4.24

(8 davs)
5'

2.86
(l dav)

2.38
SLVo &ll

J.Z4 s.03
(19 davs)

0.90
90 % c*r,

s.93 4.24
(8 davs)

r samples 4 and 5 areiaken from ttre same borccore and sealed in nvo differcnt canisteni

Co alb ed M ethan e Syn p o s ium Townsville 19-21 N ovemb er I99i



Sample Rapid USBM
I 6.37 5.34
2 4 . 1 1 4.69
a t0.29 10.90
4.5 5.58 4.64

Table Z Comparisou between 'total desorbablegas content' obtained by rapid desorption and
traditiooal techniques.

Table 3. Qsmparison of gas content using snaU ffi

15-30 g
sample

200-300 g
samDIe

Composition
CHzl(COr+CIIa)

2.09 2.4 84Vo
1.99 r.9z
2.98 2.95 54?o

0.61 0.62 9270

2.39 2.36 5lVo
0.92 0.91 89%
0.49 0.51 1007o

0.43 0.42 LAOVo
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