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ABSTRACT

Aunstralia has large reserves of coalbed meth-
zne. In developing these reserves, measure-
ment of adsorption data of methane on coal
produces an isotherm that gives the gas stor-
2ge capacity (volume) as a function of pres-
sure. The gas storage capacity is a function
of pressure, temperature, coal rank and coal
moisture content. “The isotherm enables esti-
mates to be made of the volume of methane
Lberated from the reservoir as the pressure is
reduced during production, and the maxi-
mum gas recovery between the critical
desorption pressure and the well pressure at
shutdown. CSIRO at Lucas Heights has con-
structed a facility to measure these data with
a pressure-volume method. Each point on
the isotherm usually takes 3 to 6 hours, coal
dependent, so the apparatus is fully auto-
mated, with computer controlled addition of
methane, pressure measurement and data ac-
quisition. The system and its operation are
described.

INTRODUCTION

An increasing Australian interest’ has devel-
oped in the extraction of in-situ methane gas
from coal seams where it has remained
stored since its formation, adsorbed within
the coal under pressure. The attraction of
this potential energy source is based on its
probable low cost, widespread abundance in
Australia’s major coal basins, proximity to
population centres or existing pipelines and
its benefits as a fuel, being clean burning with
a high energy output per unit of carbon,

CSIRO Division of Coal and Energy Tech-
nology operates research programs on Aus-
tralia’s coals and alternative fuels. An oppor-
tunity arose within the alternative fuels pro-
gram to develop a facility to measure the ad-
sorption isotherms of methane on coals, with
combined application to both research and

commercial clients. This grew out of our
studies of natural gas storage on high surface
area carbons, coupled with significant high
pressure gas expertise and the capability of
using advanced computer programming tech-
niques to control all facets of the experi-
ments.

EXPERIMENTAL
Equipment

The system, which is based on the paper by
Mavor, et al., © and the current recommenda-
tions of the GRI, is illustrated in Figure 1,
and is capable of analysing four samples si-
multaneously at the same isothermal tem-
perature. As explained more fully below, this
high pressure gas system operates on a pres-
sure-volume method, requiring knowledge of
calibrated cell volumes and accurate pressure
measurements: successful operation requires
it to be leaktight. The following design fea-
tures were incorporated for both utility and
safety. All components are commercial stain-
less steel high pressure gas fittings, connected
with 1/4" diameter, thick-walled, seamless
stainless steel tubing, and are used below
their service rating which is above maximum
gas bottle pressure. There is a pressure relief
valve in the system. Metal frit filters prevent
coal being expelled from the sample cylinders
into the system on pressure release. A fea-
ture of the design is that the reference cell
volume of 320 cm? is large compared to the
sample cell void volume, ~ 80cm3. to mini-
mise errors attributable to the methane com-
pressibility factor, z, and to enable easy at-
tainment of the maximum methane pressures
required. Sample and reference cells are im-
mersed in a 90-litre water bath thermostatted
at30.00 £ 0.02°C, with an over-temperature
trip.
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System calibration, methane filling and vent-
ing operations, and data acquisition are com-
puter controlled to allow un-manned 24 hour
operation, because of the long duration of
the experiments. Experimental control is
centred around an 80386SX IBM compatible
computer, with 4 Mbyte RAM, 90 Mbye
bard disk, math co-processor, and various ac-
cessories. The program which controls the
operation of the system was written “in-house”
in Turbo-Pascal, V 6.0.

Pressure measurements are made with high
precision variable capacitance pressure trans-
ducers connected to each cell. The transduc-
ers provide a 2-wire, 4-20 mA output to proc-
€ss meters which display the pressure and
transmit data via a 4-20 mA current loop 0 a
serial converter which allows the five trans-
ducers to be accessed from one computer se-
rial port. Valve switching is achieved with a
commercial interface card, with 16 TTL com-
patible output channels, operating soleacid
valves via solid state relays. The solencid
valves, equipped with manual override, con-
trol the flow of compressed air to remotely
operate the main valves, which are air-aces-
ated 2-position, 2-way ball valves. This has
the advantages that electrical contacts are re-
moved from the vicinity of the rig and valwes
g0 to the ’normally closed’ position should
power failure occur. The two gas inlet sabwes
and the vent valve have an associated meter-
ing valve to control the gas flow rate. The
helium and methane gas supply cylinders are
located remotely and the gases piped in. Gas
released in normal operation or fom the
pressure relief valve is vented remotely. The
system is leak tested with helium before sach
experiment but should a gas release occer. 2
methane detector prevents the accumulation
of an explosive concentration and provides
automatic shutdown of the equipment aad
gas supply, with appropriate warnings to the
operator.

System Operation.

A weighed sample of up to 100 g of pow-
dered coal is placed in a sample cell. The
system is evacuated then leak tested with he-
lium to 12 MPa. A series of helium expan-
sions from the previously calibrated volume
of the reference cell into the sample cell al-
lows the woid volume to be calculated. The
system is depressurised and evacuated. With

the sample valve shut, the initial sample cell
pressure is recorded. The reference cell
pressure is increased to 0.5 MPa with meth-
anc and closed. The sample valve is opened
10 pressurise the sample cell with methane
and thea closed after 3 seconds. Within the
sample cell, the pressure decreases due to
methane adsorption onto the coal and this
pressure s recorded until equilibrium is
reached. Equilibrium is defined as a steady
pressure reading (AP = 0.000 MPa) for a 40
mmute period. A typical adsorption step is il-
lustrated in Figure 2. The reference pressure
& ferther increased and the cycle repeated
owr 8 1 10 pressure points to required
amxmum pressure (up to 15 MPa) to charac-
terise the isotherm.

A sub-sampe for proximate analysis for mois-
ture and ash, by thermogravimetry of the coal
sample used in measuring the isotherm, en-
ables calcualtion of the gas content on a dry
ash-free basis. The surface area charac-
teristics and pore size distribution of the
sample, which are expected to correlate with
the gas capacity of the coal, are measured us-
ing CO; porosimetry..

Calculation of Methane Adsorbed

Calculation of the gas adsorbed is based on °

the gas equation:
PV = nRTz

and the following equation can be derived for
e wleme of gas adsorbed at each pressure
s22p per mass of dry ash-free coal;

Vase= (To/(TisoPomc))(Vr(Prifz)
-VAPse/z-Psi/z)

o’ g'l (or m® tonne") at STP, where the
Sothermal temperature is 300C and where
e warisbles and constants for both equa-
Bons are described in Table 1. The volumes
of gas adsorbed at each pressure step are
2dded to provide the cumulative gas volume
adsorbed at each cell equilibrium pressure
and are then plotted to provide the isotherm.

- RESULTS AND DISCUSSION

Results for a sample of coal from the Bulli
seam from Tower mine in New South Wales
are listed m Table 2 and the isotherm is
shown in Figure 3 which gives the gas storage
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cy (volume) as a function of pressure.
miormation available from the isotherm
dlzszaied by the following example. For
Zesorption to take place within a well, the
ssor® must be at or below the critical
Sorption pressurcz, which is the pressure
=2 isotherm corresponding to the gas
it present in the seam. This can be es-
-1 -;l from desorpuon canister data (e.g. a
atent of 15.6 m° tonne™! would give a
dcsorpuon pressure of 6.8 MPa, Fig-

In the initial stages of production
=z the downwell pressure exceeds 6.8
water and gas from solution in water
kzzve the seams to be pumped to the sur-
e=.  Once the pressure drops below the
=zl desorption pressure the methane can
‘esord, and if the permeability of the deposit
2320 enough, will flow through the cleat
wme=m 10 the well for extraction. The resid-
wa gz2s content after production depends on
2= =zl pressure at shutdown but if this pres-
sar= can be reduced to 0.7 MPa, this corre-
sponds to a residual gas content of 6.93 m’
mmne"". The difference between the two gas
wmmezats reflects the recoverable gas given
ezl conditions, and is for this example 8.7
= wane’ coal in place, representing 56% of
e gas in place.

-
3.)

- These calculations are made on a dry ash-
S== basis. The ash and water content for the
s=2= or seams of interest must be taken into
#ccount when calculating recoverable gas.
AlZough a proximate analysis is made on the
-n;:: used to obtain the isotherm, this is
mor cecessarily representative of the down-
W=l conditon. More extensive modelling of
e :sothcrm to the Langmuir equation is
—:iﬂe but will not be undertaken here.
Ower features that can be studied using ad-
sorpoon isotherms include the influence on
e g2s content of the coal moisture content,
s ==l as the effect of coal rank and the well

Emperature.

Thereiore, the isotherm estimates the volume
of methane liberated from the reservoir as
Be pressure is reduced during production,
i ©e maximum gas recovery between the

critical desorption pressure and the well
pressure at shutdown. Both the shape of the
isotherm and the maximum gas content influ-
ence the volume of gas recoverable from a
well. Maximum production is achieved
where the isotherm shape is flattest at low
pressures and where the gas content is high-
est at the critical desorption pressure.

CONCLUSION

A facility has been developed to measure
coalbed methane isotherms. Such isotherms
can be used to estimate the amount of gas
recoverable from a producing well between
the critical desorption pressure and the well
shutdown pressure, and to answer other ap-
propriate research questions.
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Figure 3. Adsorption isotherm, Bulli Seam coal
LS., Mass of coal, g R Molar gas constant, 8314510 ] K
n Number of moles of gas T Isothermal temperature, K
P Pressure, MPa 7 Standard temperature, 273.15 K
3 Standard pressure, 0.101325 MPa v Volume of gas, cm®
Pr mm»umw. Vi Valumo!mnlhmldmbedneanhmm
step, cm® g at STP
Pr, Final reference cell pressure, MPa Vr Reference cell volume, cm’
Py Initial sample cell pressure, MPa Vs Sample cell volume, cm’
Py lnitial sample cell pressure, MPa - z Real gas compressibility factor’, dimensionless
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Sample Description Bulli Seam coal, Tower Mine sample, moisture as received.

Moisture Conient (%) 1,08 Ash Content (%) 15.61
Reference Vol (cnt') 320.84 Void Vol (crr') 95.80
Mass of Coal (3) 84,57 Coal Vol (enf’) 60.50
Experiment Temp (C) 30.00 _ Coal Density (g cnt') 1398

Step  Reference Compress. Reference Compress. Sample Compress. Sample Compress. Methane
Number Cell Initial Factor(z) Cell Final Factor(z) Cell Initial Factor(z) Cell Final Factor(z) Adsorption

Pressure Pressurs Pressure Pressure (en g at
(MPa) (MPa) (MPa) (MPa) STP)
(d.af)
0507 0.9926 0386 0.9948 0.035 1.0013 0.221 09978 272

1.023 0.9834 0.827 0.9868 0221 0.9978 0.617 0.9906 6.05
1.996 0.9665 1.682 0.5719 0.617 0.9%06 1429 09762 9.43
2999 0.9500 2654 0.9556 1.429 0.9762 2438 09592 1176
4495 0.9270 4.058 0.9336 2438 0.9592 3.813 09373 13.63
5.981 0.5062 5.534 09123 3813 0.9373 5270 09159 14.86
7.957 0.8817 7419 0.8880 5270 0.9159 7.069 08522 15.76
9.945 0.8610 9.382 0.8664 7.069 0.8922 8.958 0.8708 16.42
11.966 0.8444 11.387 0.8487 8.958 0.8708 10.889 08527 16.91
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Table 2. Results, Bulli Seam coal
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