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ABSTRACT

The reliability of the methods applied both in
“predicting and controlling methane emissions

in coal seams and in predicting the perform« -

ance of surface degasification boreholes is
dependent upon the aocurane charac-
terisation of coal seams as’ resenon's. Re-
search into the gas contents of coal seams in
Britain have shown that the methane content
_depends on the rank, mmphic history,
gcolopcal structure and ; peu-ognphx: compo-
sitbnotmecml

2)

Gas_g{essure and permeability are the two
main reservoir properties governing the re-
Jease and flow of methane through coal
seams. Geotechnical parameters such as
overburden pressure and mining induced
stresses affect both the matrix and fracture”
compressibility of coal scams and can in-
Crease or decreuc the permeability by orders
of magnitude. -

The paper reviews the geological and
geotechnical mechanisms controlling the res-
ervoir characteristics of coal scams. The re-
sults of research into pre- and post-failure
permeability behaviour of British coal seams
are discussed and the deweloped stress per-
meability relationships presented.

INTRODUCTION

This paper reviews research findings on the
geological and geotechnical processes. which
influence the gas béaring and tramsmission
propertics of British coal seams. The re-

m&hnledtoapcm:mdenmdingot'

the geological controls on seam gas content
and facilitated the development of computer
modelling techniques for predicting gas cmis-
sion behaviour in strata disturbed by mining.

Although the results of investigations re(cr to
British coal scams, the basic principles arc
universal, only the magnitudes of cffects be-
ing coalfield or site specific.

THE ORIGIN OF COAL SEAM GASES
Under the influence of normal geothermal

temperature the composition of plant re-

mmﬂymsmu@m
time liberating gases as by-product of the re-
-actions. This process, known as coalification,
represents a wlmng ‘from peat,.
passing through uwﬁgnize and brown coal
mhwmmmmwmhnh
bituminous region and culminating with an-
dmdte It has been cstimated that up to
1300 m® of various gases were geaerated per
tonne of coal produced during the coalifica-
tion process (Patching, 1970). The methane-
rich thermogenic gas generated from bitumi-
nous and anthracitic coals is known as fire-

damp. Firedamp, as encountered in Britain,

- consists of 80 to 95% methane but also con-

tains higher alkanes, nitrogen and carbon di-
oxide with traces of argon, belium and hydro-
gen.

The proportion of heavy alkanes appears to
decrease with increase in coal rank, the
heaviest hydrocarbons disappearing first fol-
lowed by progressively lighter hydrocarbons
(Gedenk, 1963). It is no surprise, therefore
toﬁndmupcnnoofemmtomcthmein
coal seams tends to decrease with increase in

- coal rank (Figure 1). Scatter is due to local

‘enhancement of cthane and higher alkanes
from petroleum sources and also due to frac-
tionation when, at some time in their history
gases have migrated along the seams.

Anomalously high concentrations of ethane

and higher hydrocarbons occasionally en-
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oounu:edmcodmgoﬁmhcbsepm—
imity to faulting, yrobably represent migrat-
ing petroleumderivatives :*captured” by the
coal, A close association between methane
of coal seam origin and petroleum related
gascs is not unexpected as the temperature
conditions favourable 10 the generation of oil
from organically rich sediments falls within
the high-volatile coal rank range.

Theoretical volumes of gascous coalification
products can be calculated at various rank
stages from coal analyses. Methane produc-
tion in _the high-volatile b:mm o anthra-
cite range of more than 200 m°/t has been es-
timated (Juntgen and Karweil, 1968) al-
though this Sgure could be reduced if ac-
count is taken of alkanes heavier than meth-
ane. Nevertheless it is generally acknow-
ledged that quantitics far exceed the quanti-
tes of gas now found in coal seams.

The wolumes of gas now found in the coal
seams are thercfore considered to represent
the difference between the gas formed during

~~‘—burialandtllenssubcequemlykmovm'auo—

- —d

logical time.

GEOLOGICAL CONTROLS ON
GAS CONTENT

The effect which ancient erosion periods

SEAM

have had on seam gas contents of mature

- seams has been studied in detail in Britain,

 In" evaluating seam gas reserwoir potential,
axmmmtggmdnnkm the two most im-
portant factors to consider.

Methane contents of British coal scams gen-
erally show a systematic relationship with ver-
tical depth, a tendency 1o increase with coal
mkudadmonapprowhingmem-
cient Permo-Carboniferous erosion surface,
The latter observation can be explained by
in-seam migration of methane to the surface
during the erosion period, prior to cleat min-
eralisation and subsequent reburial (Creedy,
1988); the thickness of sediments deposited
on the deeply eroded Coal Measures was in-
sufficicnt (0 initiate sccondary coalification.
A diagrammatic section across the East Mid-
lands coalfield showing the relationship be-
{ween seam gas content and the unconform-
able base of the Permian strata is given in
Figure 2.

The effect was compounded in the Kent coal-
ficld by the occurrence of significant erosion
periods during the Permo-Triassic and the
Cretaceous periods. The paucity of gas de-
spite the relatively high rank (medium to low
volatile) is therefore not uncxpected.

A relationship between erosion bistory and
sgam gas content is not unigue to Britain. A
similar process may explain the occurrence of
coal seams containing less than 2 litres/tonne
methane at depths approaching 400 m in
Bangladesh where coals of Permian age are
buried beneath some 100.m to 150 m of Mio-
cene sediments (Norman, 1992). The period
over which gas loss could have occurred was
260 million years.

Structural controls in the form of folding and
faulting are important in that they largely de-
lermine the seam outcrop pattern during ero-
sion and may also modify rank-depth-gas
content relationships, Faulting affects the
continuity of coal seam reservoirs.

Igneous activity can result in major changes
to the gas reservoir. For example, in parts of
Austalia variable amounts of carbon dioxide,
introduced into coal seams displacing some
or a large part of the original firedamp, has
been attributed to intrusive igneous activity
(Smith and Gould, 1980). Mcthane desorp-
ton from coal is substantially enhanced in
the presence of carbon dioxide (Creedy,
1985) which not only explains the apparent
replacement of methane by carbon dioxide
but also suggests a potential techaigue for
enhancing methane recovery from post or
pre-drainage methane drainage boreholes.
In the North-East of England a series of coal
scams in a particular area bave been virtually
totally degassed possibly as a result of local
geothermal activity. Although there is a cir-
cumstantial spatial association with igneous
dykes, for them to be responsible implies an
unprecedented range of thermal influence.
Research into the anomaly continues.

THE GAS STORAGE POTENTIAL OF
COAL AND COAL SEAMS

Sorption properties

Much larger wlumes of gas can be accom-
modated within the coal substance than could
be beld by simple compression of a gas due
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to a process known as adsorption. For a par-
ticular temperature the quanuty of methane
q adsorbed at a pressure P can be repre-
sented mathematically by the Langmuir iso-
therm: [1}

AL
A=11 + oP)

where A and b are constants; A being de-
fined as the (maximum) methane capacity.

The capacity of a coal 10 adsorb methane in-
creases with coal rank but is reduced with in-
crease in moisture content and increase in
temperature. The adsorption propertics of
coal also depend on petrographic composi-
tion (Creedy, 1979).

The term “sorption” is commonly used to rep-
resent the adsorbed gas together with the
free gas occupying macropore or fracture
space within the coal substance. If using a
gravimetric method to determine sorption
isotherms it is important to recognise that the
measured coal density may be under-est-
mated, and hence the internal fracture space
overestimated due to the relaxation of the
coal sample after removal from the seam.

The sorption characteristics of the coal sub-
stance fundamentally influence seam gas con-
tent and goes some way towards explaining
why similar ranks of coal cxhibit similar
ranges of gas content in different countries
and different geological environments.

The methane sorption capacity (A) of a coal
effectively places an upper limit on the gas
content of the seam; excessively high gas
pressures would result if the value was ox-
ceeded, far beyond any recorded in practice.
The limiting capacity is probably that obtain-
ing at the maximum temperatureé reached
during burial, Figure 3 illustrates the cfiect
of elevated temperature on methane sorption
capacity for coals of two different ranks.

Coal samples must not be allowed to lose
their natural moisture if sorption results rep-
resentative of in-situ coal are required and
the measurements should be conducted at a
temperature commensurate with the strata
emperatureé or an appropriate correction ap-
plied, Experimental work on gravimetric
sorption measurement, conducted by Creedy,
indicated that moisture losses could be mini-

mised by cooling coal samples to 4°C prior to
evacuation, Some resuits indicating the likely
trend of the methane capacity of coal retain-
ing its im-situ moisture with coal rank are
shown in Figure 4,

Coal seam reservoirs

British coal seams can be excellent gas reser-
wvoirs in terms of storage capability but pcor
producers unless disrupted by strong tectonic
activity or disturbed by mining.

Artificial stimulation of methane flow from
virgin scams by hydraulically inducing frac-
tures and then propping them open with sand
has met with cconomic success in some parts
of the USA. The economics of such technol-
ogy have yet 1o be established in Britain but
geological fawourable locations are being
sought.

Natural gas reservoirs

Although coal seams provide the most con- ~
sistent reservoirs of firedamp, free gas which
has migrated from a coal seam source at
some time in the geological past may be en-
countered in non carbonaceous horizons as-
sociated with structural or stratigraphic traps.
Free gas reservoirs, of no commercial value,
in well-jointed sandstones or limestones have
occasionally been disturbed by longwall coal
mining giving rise to abnormally high meth-
ane flows in the underground eénvironment.

Free gas methane reservoirs in the North Sea
Basin are of considerable economic impor-
tance to Britain. The zones in which most
gas has been found appear to be adjacent to
areas where uplift resulted m deep Permo-
Carboniferous erosion of the coal bearing
strata and where the seams have matured the
most as a result of late deep burial ic.., sec-
ondary coalification has occurred. On land
the gas content of coal scams approach zero
at subcrop beneath the Permo-Triassic cover
in the absence of sufficient post Permian
cover to promote secondary coalification.

Abandoned coal mines are a special case of
free gas reservoir, the source being the con-
tinuing but decaying emission of methane
from old waste arcas. High methane pres-
sures and purities have occasionally been ex-
perienced on intersecting old mine workings,
even at shallow depths, presumably as a re-
sult of hydraulic pressurisation causcd by
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partial flooding in the absence of provmon
for venting.

THE GAS EMISSION PROPERTIES OF
COAL AND COAL SEAMS

Lumps of coal weighing a few tens of
grammes, freshly sampled from British
scams, typically exhibit low rates of gas emis-
sion. For example, a solid crack-free frag-
ment of high-volatile bituminous coal of
about 40g may take from 2 wecks to more
than 9 months to desorb 2/3 of its imitial
methane content. The emission rate depends
on the degree of internal fracturing within
the fragment, the rank, compasition and am-
bient temperature. Any comminution during
handiing leads to an increase in emission
rate.

Theoretical rates of methane diffesion in an
idealised continuous solid virgin coal scam
are extremely siow. For example, diffusion
over a distance of sbout 12m at a tempera-
ture of 20°C would take about 50 million
years. Clearly, for gas to flow through a coal
scam an open fracture or cleat network must
be present.

The ability of a seam, which has not been dis-
turbed by mining, to release gas depends on
the inherent gas pressure, the tansmissivity
of the cleat and the degree of water satura-
tion.

Seam gas pressure

Seam gas pressurc data obtained via methanc
sorption isotherms appears to indicate that
British coal seams are generally under-pres-
sured. However, values obtained in such a
way have sometimes not been borne out by
borehole testing in the USA although the er-
ror could bave been in the adsorption iso-
therm measurement method or in the in-situ
testing method. Seam gas pressures in Brit-
aim are usually less than one fifth of the hy-
drostatic pressure with the exception of parts
of North Wales where pressures approaching
hydrostatic have been encountered.

The occurrence of normal and owver pres-
sured seams in the USA, for instance, implies
an interconnected cleat or fracture network,
Localised reduction of fluid pressure by de-
watering a production borehole allows gas to

both desorb from the coal and flow to the
borchole.

In the central coalfields of Britain there is
cvidence to suggest that the coal seams are
devoid of frec water as the relatively low vol-
umes pumped from the mine are generally
comparable in magnitude to the volume in-
troduced into the mine for engineering pur-
poses (NCB, 1982). However, mining distur-
bance, geological faulting or borehole hy-
drofracturing could bring coal seams into
contact with aquifers within the coal meas-
ures.

Cleat and cleat mineralisation

The flow characteristics of fluids through
coal scams depend on the nature of the cleat
network, Cleat is thought to be deweloped
during burial as a result of volume changes
taking place during coalification with stress
rclicf during uplift contributing to its final
stages of development (Spears and Caswell,
1986). The transmissivity of the cleat to fly-
ids depends on both the tectonic history of
the coalbeds and the mineralisation history.
Improved understanding of cleat mineralisa-
ton through studies of the paragencsis of
cleat minerals could be helpful in developing
pre-drainage of methane technologies.

When comparing the emission characteristics
of coal samples as determined in the Iabora-
tory with the bebaviour of in-situ coal it is im-
portant to uaderstand the differences which
will arise due to the differences in states of
stress.  For instance, rates of gas desorption
from coal lumps can be correlated with the
proportion of fusinite in the sample but it is
the bedding fractures associated with
fusinitc that are responsible for the re-
lationship (Creedy, 1991). Howewer, in con-
sidering flow through in-situ strata then verti-
cal discontinuities such as clcat assume
greater importance,

GAS PRODUCTION FROM COAL SEAMS
DURING MINING

The gas emission properties of coal scams
are considerably modified from their natural
state once disturbed by mining. Much re-
search has been done in this field because of
the safety and producdon implications of
firedamp release in underground coal mining
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stress-permeability studies have been con-
ducted to facilitate a greater degree of un-
derstanding of the processes which take
place and to cnable increasing levels of coal
production to be safely achieved from deep
mining opérations.

In underground coal mining, the release of
gas from coal scams, and its subsequent mi-
gration towards the airways is dependent on
the permeability of the coal secams and coal
measures strata, the seam gas pressure and
gas content. Research has shown that per-
meability of coal seams and the strata around
working longwall faces is greatly influenced
by the extraction of a coal scam.

The study of methane flow im coal seams
therefore involves the following three arcas:

1. Stress analysis - the response of coal seams
and the coal measures strata 10 mining activ-

ity,

2. Stress-permeability analysis - the effect of
stress and fracturing on coal permeability,
and

3, Flow analysis - empirical and numerical
flow models

Variations in stress patterns around
working longwall faces

Mining induced stresses around longwall
faces underground create several regions of
interest in terms of methane flow through
coal scams, Prior to mining, coal scams are
loaded by the weight of the owverburden
where the stresses ate uniformly distributed .
As the coal is extracted, stress conditions
around the longwall panel will be readjusted
and, at some stage, a new cquilibrium is
reached. This new state of stress is ex-
pressed in the form of "high" and “low" pres-
sure zones in the ground surrounding the ex-
tracted region.

Finite ¢lement analysis of stresses around
longwall panels have shown that coal scams
and the coal measures strata around the
panel would experience continuous changes
in stress conditions (Durucan, 1981). The
state of stresses around a longwall extraction
can be summarised as follows:

« the front abutment zone where the
strata is triaxially compressed;

+ the yeld zone where the vertical stress
reaches a peak and the state of stresses
is complex;

+ the stress relief zone where the stresses
are complex and low in magnitude; and,

= the recompaction zone where the triax-
ial state of stresses is re-established
(Figure 5).

Coal seams will behave differently under the
above stress conditions and the structural
changes occurring during these stages will
determine their permeability to gas flow.
Stress-permeability relationships for intact
and fractured coals

The changes in the structure and permeabil-
ity of a number of British coal séams were
investigated through a serics of laboratory
stress-permeability measurements simuylating
the stress conditions described above, The
work was carried out using a state-of-the-art
serwo  controlied clectro hydraulic press
which allowed the continuous monitoring of
the changes in stress, axial and wolumetric
strain and permeability of coal before, during
and after failure is initiated (Durucan, 1981
and Durucan ¢ al, 1987). Permeability
measurements were made, in a modified tri-
axial cell, on cores taken from large lumps of
coal, drilled perpendicular and parallel 10 the
bedding planes.

Figure 6 shows the changes in permeability of
intact and fractured ccal under triaxial com-
pression.  This behaviour represeats the
changes coal seams would undergo in the
front abutment and recompaction zones of
longwall coal faces (Figures 5 and 7). The
analysis of these results have shown that coal
permeability is highly stress-dependent and
the permeability of coal scams could de-
crease by up to two orders of magnitude in
the front sbutment zone of a longwall coal
face. Under triaxial compression, microfrac-
turing of the coal matrix may take place i
the front abutment zone, however, this would
not have a significant effect on permeability.
The flow of methane in non-fractured coals is
mainly governcd by the extent to which the
applied stress changes the size of inhereat
fissures and pore channels. This, in fact, is
directly related to the structural charac-
teristics of the coal seam concerned (Duru-
can and Edwards, 1986).
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Fracturing and failing of coal, in and around
the seams being worked, is most Likely to oc-
cur in the yield zone resulting in a significant
increase in coal permeability. Figure 7 shows
the results of post-failure tests and the rela-
tionship between axial/radial stress and axial
strain, volumetric strain and permeability.
The failure of coal under triaxial compression
and the sgbsequent changes in volumetric
strain corresponds to a marked increase in
coal permeability. It is believed that the per-
meability of coal seams can increase by up to
three orders of magnitude in the yield and
stress relief zones of longwall faces and the
source seams above and below. Tt is signifi-
cant that fracture permeability under triaxial
COmpression remains constant once the resid-
val strength of coal is reached. The flow of
methane through fractured coal under triaxial
stress is controlied mainly by the fracture
width which was found to be comparable for
most coals tested. Figure 8 shows the rela-
tionship between confining stress and frac-
ture permeability of coal seams in the yield,
stress relief and recompaction zones of long-
wall faces.

Gas emission zones around longwall panels

The above observations on the effects of
stress on permeability of coal scams and the
theoretical analysis of stresses around long-
wall faces led to the dewelopment of general-
ised stress-permeability profiles for coal
scams around longwall extractions (Durucan,
1981). Figure 9 shows one such profile for
the immediate roof level of a working long-
wall face where the failure zones deweloped
immediately ahead of the face and in the
overlying strata is characterised with a signifi-
cant rise in coal permeability. The perme-
sbility of coal seams in these failure zones is
greatly enhanced due to the opening-up of
new flow channels and as the size of the
openings are increascd, the failure zone in
the overlying strata will propagate accord-
ingly. Duec to the dynamic nature of mining
these areas are usually re-stressed in the re-
compaction zonec with a residual effect on
coal permeability.

Figure 10 shows the different permeability
zones and the flow paths of methane around
a working longwall coal face. Abead of the
face, permeabilities of coal scams arc very
low due to high abutment stresses. The outer

boundaries of this low permeability zone are
defined by the parabola on the right hand
side of the figure. Permeability of the strata
will start to increase in the yield zone which
lies between the inner parabola and the maxi-
mum permeability ine. Behind the face, ar-
cas of maximum permeability will lie at an-
gles of approximately 60° and 45° abowe and
below the working horizon. The majority of
the gas flowing towards the workings will
emanate from the areas behind this maximum
permeability line, within which permeability
remains very high. Coal seams outside the
shaded area are not expected to be highly af-
fected by the mining induced stresses and the
permeability of the strata in this area will re-
main constant with negligible volumes of gas
flow towards the workings.

THE MODELLING AND PREDICTION OF
METHANE FLOW IN COAL SEAMS

Underground methane flow prediction using
Airey's gas emission theory

Airey (1968, 1971) treated coal as aggregates
of individual lumps the size of which de-
peénded on proximity to the coal face abut-
ment zone. Gas emission rate was calculated
from an empirical equation which invoked a
time constant of emission, a parameter re-
lated to the ratio of principal stresses. This
approach although necessitating a number of
broad assumptions has proved remarkably
successful and forms the basis of the practu-
cal emission prediction methods wused
throughout the British cecal industry (Dun-
more, 1981; Curl, 1978 and CEC, 1988).

The firedamp prediction techniques have
proved to be imvaluable for ventilation and
methane drainage planning, for assessing the
potential for introducing or cnhancing col-
liery methane utilisation schemes and for de-
termining the likely limitations on coal pro-
duction mmposed by gas emission (Creedy,
1992).

The method takes account of the fact that in
addition to emissions from the worked scam
itself and cut coal, Gredamp is released into
mine workings from all the adjacent seams
fractured by the mining activity. The size of
the de-stressed zone around the workings
from which gas emission occurs depends on
coal face length, coal face height, seam de-
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pth, strata streagth and the proximity of older
workings. Studies which involved comparing
predictions obtained from a theoretically
based gas emission model with measured
that the gas emission zone could extend up to
200m above and 70m below the worked scam
(Kershaw, 1989).

The actual rate of gas flow into a mine dis-
trict depends on the gas contents, number
and thicknesses of coal scams in the dis-
turbed zone, the proximity of the scams o
the workings, the age of the district and the
rate of extraction,

Numerical simulation models

Methane production from coal seams, both
by underground and surface drainage wells,
has been investigated by many researchers
and a number of numerical models have been
dewcloped over the last three decades. A
comprehensive review of all major models
developed was recently published by King
and Ertekin (1989).

At Nottingham University, research on the
simulation of methane flow using numerical
methods bas mainly concentrated on the pre-
diction of flow into underground drainage
borcholes and airways (Keen, 1977;
O’Shaughnessy, 1980; Ediz, 1991). The
model is based on the following equation de-
rived from Darcy's Law: [2]

- % oo g i ol
where,
p= pressurc

p= dynamic viscosity
K= Mhma&m
$= porosity

The following assumptions have been made
in deriving the above cquation:

- the flow is laminar, single-phase and iso-
thermal

- methane obeys the ideal gas law
- molecular slip may be ignored
- methane desorption cffect may be ignored

Equation 2 is hnamsad by introducing a field
varisble, @ = p% 2]

9‘9
nF-& gy 2t 3 l*ra—,’*g' *5z)

The distribution of methane pressure around
longwall faces and the gas flow into drainage
boreholes and airways are calculated using
the PAFEC'7S finite clement software pack-
age. Figure 11 shows the methane pressure
contours around a longwall face practising
roof and floor drainage (Ediz, 1991).

The coal matrix is heterogeneous and is char-
acterised by two distinct porosity systems -
macropores and micropores.  Micropores
account for up to 95% of the internal coal
surface area and a large proportion of the
methane stored in the coal matrix exists in an
adsorbed state. Most models assume that
the gas adsorbed onto the micropore is in a
continuous state of equilibrium with the free
gas pressure in the macropores and have
some Hmitations in their applicability due to
oversimplifications such as unrealistic as-
sumptions behind dual-media charac-
terisation of methane flow in coal beds, not
accounting for the time lag incurred during
transport of the gas through the micropores
or not considering the effects of one phase
being transported in solution in the other
phase. In order to overcome these limita-
tions, a two-phase, unsteady state non-cqui-
librium sorption model was deweloped in the
Department of Mineral Resources Engineer-
ing at Imperial College. The model is used
both in predicting the performance of surface
degasification wells and in evaluating the
yield of underground methane drainage bore-
holes in longwall coal mining. Itis a fraciure
model which accounts for dual-porosity and
dual-permeability effects including desorp-
tion of methane using a specially formulated
rate term based om Langmuir’s isotherm.
Complex non-linear flow equations are lin-
earised using a fully implicit method and dis-
cretised by the finite difference approach.
New features which have been developed and
incorporated into the model include the solu-
tion of gas in the water phase, the solution of
water vapour in the gas phase and the pres-
sure and mining induced stress dependent
behaviour of reservoir permeability (Foley,
1992; Shi, 1992).
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The model is based on the following standard
cquations derived from Darcy’s Law and the
continyity equation: (<}

AlPage Tw 80w + MT; 805+ 09 + Oy = (8 Rugwp? +331)

=)
T 8+ AT, R 895) + G & (4122 + B S2)
where,

T= (kk/By) , phase mobility, (subscripts:
£ = gas property, w= water property)

k= permeability

ke = relative permeability

B = phase formation volume factor
W= dynamic viscosity

© = phase potential

Regw= solution of gas in water

Rswg = solution of water vapour in gas
Qs= gg+ RagwQqw gas flow-rate term
Qw= gQw+ Rywg gg water fow-rate term
Qaz = desorption rate term

¢ = porosity

S= phase saturation,(Sg+ Sw= 1)

Figure 12 shows the predicted methane pro-
duction rates from a single seam reseryoir us-
ing this model

CONCLUSIONS

Research carried out in the UK over many
years into the occusrence and behaviour of
methane (firedamp) in coal, has been princi-
pally concerned with the prediction and con-
trol of convironmental conditions under-
ground. Much of this work has been directed
towards an understanding of the geological
factors that control the quantity, pressure
and composition of the gas, it's spatial distri-
bution and the processes whereby methane is
released into the mine workings as a result of
mining activity. :

More recently, this research has examined
the basic mechanisms of gas flow through
and emission from coal scams based upon an
analysis, using rock mechanics principles, of
the stresses induced by mining in the sur-
rounding strata, and a kmowledge of the
stress-permeability behaviour of coal. The
results of this work have shown that realistic
valucs for methane can be predicted given
adequate data.

Although the research described above has
been based upon mining experience it should
be cmphasised that the more recent work, us-
ing a more fundameatal approach, applies
equally to any prescribed geological setting.
Thus, an anzlysis of the behaviour of, for ex-
ample, a stimulated surface degasification
well could be carried out given the basic in-
formation on the coal and the results of labo-
ratory tests on stress-permeability behaviour.
In coalbed methane application terms this
work could have a significant part to play in
the prediction of well performance and the
drainage characteristics of the scam.
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Figure 1. Ethane/methane ratio v coal rank for a range of British coals.
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Figure 2. Diagrammatic section across the East Midlands coalbield showing the relationsbip

between seam gas coateént and unconformable base of the Permian strata.
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Figure 5. Methane capacity v temperature, moisture saturated, ash-free coal.
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Figure 4. Methane capacity v coal rank, moisture saturated, ash-free coal.
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Figure 5. Theorectical maximum and minimum principal stress distribution profiles around a
500 m working longwall face (after Durucan, 1981).
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Figure 7. Post-failure stress-strain -permeability relationship for Great Row Seam, Silverdale

Colliery.
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Figure 8 Fracture permeability in the yicld and recompaction zones, Great Row Seam, Silver-
dale Colliery

;‘iym 9. Generalised stress-permeability profile at the roof level of 2 working longwall face
(not to scale), (after Durucan, 1981).
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Figure 10. Different permeability zones and flow paths of methane around a working longwall
coal face (after Durucan, 1581).
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Figure 11. Methane pressure contours around a longwall face practising roof and floor drain-
age (after Ediz, 1991).
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Figure 12. Methane production rates predicted for a single seam methane reservoir.
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