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ABSTRACT

A critical aspect of longwall ventilation plan-
ning is the assessment of anticipated gas
emission and the design of cffective gas
draifiage.

Longwall emission assessments in Australia
have largely been based on European empiri-
cal models. Many fundamental parameters
are different between Australian and Euro-
pean conditions and this resuls in oo bigh a
level of uncertainty m the forecasts,

There are significant inadequacies in the cal-
culation of both specific emission and return
gas concentrations. Particular problems re-
late 1o the treatment of seam thickness and
extraction rate.

A program (o improve empirical models is
required, that centres upon monitoring gas
and rock mechapics parameters and com-
puter modelling of rock failure.

INTRODUCTION

A critical aspect of longwall ventilation plan-
ning i5 the assessment of anticipated gas
emission and the design of effective gas
drainage. In an operating mine, information
is required on:

+ (5as concentrations at the tailgate end of
the face

+ [(Gas concentrations in the reiurn road-
way

+ (Gazs concentrations In the bleeder
{where emploved)

# The anticipated percentage of gas cap-
tured by gas dramage

» (Gas composition (COz and CHa) in the
above areas

» The change in gas coocentration and
composition as the face retreats for the
above areas

» How to design gas drainage (if needed)
o the greatest effect,

The actual levels of emission are dictated by
mining and geological factors. If these are
reasonably constant from one longwall to an-
other, it is possible to define gas emission
levels with quite good accuracy, provided suf-
ficient detail bas been given to gas emission
monitoring. This can be accomplished by us-
ing an empirical model of the type described
by Williams {1591).

In most situations conditions are oot uniform
between longwalls. Changes often occur in:

« (Jas reservoir properties (seam thick-
nesses, gas contents and compositions,
distances from the worked seam, non
coal strata gas, permeability, faalting
and other geological discontinuities).

« Mining factors (rate of retrear, face
width, chain pillar width, interaction
with adjacent goaves).

Longwall emission assessments in Australia
have largely been based on European empiri-
cal models. The aim of this paper is to disc-
uss the suitability of current modelling tech-
niques, highlight their inadequacies and sug-
gest arcas of improvement for design of emis-
sion control as well as assessment,

EUROFEAN EMPIRICAL MODELS
Caleunlation of Specific Emission

Probably the worst examples of the over-ex-
tended use of empirical models is the appli-
cadon of those based on Eurcpean condi-
tions o Australia (refer to Boxho er al, 1980,
Curl 1978 for descriptions). S0 many funda-
mental parameters are different, that if the
correct emission is forecast, it would be more
due to good fortune than good science.
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The large differences im depth of cover
(bence stresspermeability), seam thickness,
sirala type, emiraction ratio and exraction
rate are sufficient to make any European
prediction mibdel invalid. Critical aspects
such as the geometry of the relaxation zone
and the degree of emission are obviously go-
ing to be different in Australia.

A characteristic of Australian coals is the
widespread occurrence of mixed CO3z and
CHq. No account is taken of the differences
in the rate of desorption of COz and CHa
!| {COz can desorb at up to six times the rate of
. CHy). If the worked seam is thick with a high
COz gas content, gas made during cutting is
going to be considerably higher than if the
gas were purely CHy,

4 Experience of return gas concentrations at

Tahmoor Colliery shows that COz increases
more rapidly than CHa when cutting begins
and declines more rapidly whea cutting
ceases (Willams, 1991),

Some of the difficulties in the models relate
to appropriate choice of relaxation zone ge-
ometry, degree of éemission and residual gas
content. GeoGAS uses Jegers model with the
capability of adjusting the shape of the re-
laxation zone according to judgements made
on geologlcal and mining conditions. For ex-
ample the height of the relaxed zone might
be terminated along the base of a thick sand-
sione stratum or claystone layer that is
judged as being a potental barrier to gas mi-
gration,

Empirical data from a well documented min-
ing area are used to adjust various parame-
ters (geometry of the relaxed zone, degree of
emission, effect of non coal strata etc) wntil
you obtain the answer you are seeking (so
called Yuning the model”). That model can
then be applied w other areas in relatively
close proximity, where there may be changes
in gas content or stratigraphy.

The main problem with this approach is that
it 15 not difficull to vary the input parameters
within plausible ranges and still produce the
same result by compensating effects.

How do you treat strata gas? In a particular
example, sandstone porosities were varied
from 0% through to 10%, pmdumllrmgt
of specific emissions from 23 m/t to 39 m'ft.

Scam thickness is only treated in the Euro-
pean models in the effect it bas on face re-
reat rate (calculation of “relative thickness™.
In the same scenario that looked at sand-
stone porosity changes, changes in seam
thickness were tested. These gawe specific
cmissions ranging i'mm 15 m’t for a 4 m
thick seam to 53 m*/t for a 1 m thick seam. In
other words, a thick worked seam produces a
low specific emission compared to a thin
scam. This is reasonable when you consider
that for the same production rate a thin s2am
will result in a faster rate of disturbance o
the surrounding sirata - and this is what the
models are intended o show.

But what about the effect of seam thickness
on the geometry of the relaxed zone and the
degree of emission?

These models take no account of this effect.
In Australia, 4 m mining sections will be
more common in the future, particularly in
the Bowen Basin,

When mining occurs, all the cracks do not in-
stantly propagate. When a seam is relaxed, all
the gas available does not instantly flow, The
adsorbed gas begins desorbing. Thus there i3
a delay between mining and the reaching of
peak gas emission, the magnitude of which
depends upon (among other things) the prox-
mity of the major gas sources to the working
seam. Mining a thicker seam or slowing the
rate of face retreat will have an effact on this
delay by giving the fractures more fime o
propagate and gas to dezorb. Thus more of
the gas that would have been emitted deeper
into the goafl is releazed in the face area.

Here we reach a level of detail beyond the
scope of the European models, These models
provide an overall estimate of gas make.
Equally important is knowledge on where the
gas will be concentrated. This will depend
upon emission delay criteria, ventilation
schemes (particularly pressure drops) and
even gas composition (Willlams ,1561).

Calculation of Gas Concentrations

MNearly all emphasis is placed wpon calculat-
ing the specific emission, with Little coverape
on the next step of using specific emission to
calculate gas concentrations o return road-
ways. Given a correct specific emission value
{from back analysis) the method described in
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Boxho e al, (1930} tends w over estimate
the effect of increasing levels of production.

It essentially assumes that gas emission will
increass- in direct proportion to the produc-
tion rate. While it makes sense that the faster
vou retreal, the greater the gas emission will
be, i reality it i3 oot such a simple relation-
ship.

GeoGAS has found good correlation of cal-
culated against actoal return emission usiog
these formulae:

GMCO2= ACOZxt®%% . (1)
GMCHé= ACH4 xtw T ____ _(2)
whers:
GMCO?2 is the CO2 gas make
GMCHS is the CHy pas make
tw is the weekly coal production in tonnes.

ACO2, BCO2, ACH4 and BCH4 are coeffi-
cients that reflect the dependency of gas
emission oo production rate. They are re-
lated by this relation:

BCO2= 4.08294 xln ACO2 + 0.112526 (3)
(same for CHa)

BCO2 has been found to range between -0.5
and -1. A value of -1 indicates no depend-
ency on production rate.

Average weekly return gas emissions arc then
calculated using the expressions:

RaCO2 = 100x(1-CCO2)xGMCO2

XTo/(86400 X Qu) e )
RaCH4 = 100x(1-CCH4)xGMCH4
b BT oL —— )

where:

RaCO2 is the weekly awerage return COz
percentage,

RaCH4 i3 the weekly average return CHa
perceolage,

CC02 is the percentage capture of COg,
CCHA is the percentage caplure of CHa,

Ta i the average dally coal production in
tonnes,

Qa is the retpra air guantity n mfs.

An irregularity coefficient i then applied
{around 1.5 for both COz and CHs) 1o give
peak daily emissions.

The European methods use ezzentally equa-
tions (4) and (5), but substitute their calcu-
lated specific emission for the walues
GMCO2 and GMCHA4,

A reason why pas emission i3 mof proving (o
be directly related to production rate is that
for fast face retreats, recompression of (he
relaxed strata onder the rear abutment inhib-
its further gas emission release,

With this mechanism, thick seams need to be
givvn a higher weighting than thin scams,
where the dme for emission between initial
relaxation and recompaction i3 greater.

Where to now?

We need both improved empirical models,
and models that are less reliant on empirical
inpoL

SUGGESTED DIRECTIONS

Ideally, a model & required that is based on
physical principles of rock and fluid mechan-
i3 - together with the ability o measure suf-
ficient of these basic parameters,

The industry is a long way from having such a
model. The work involved would be an enos-
mous task given the complexty of the proc-
esied invobed. Modelling of rock sresses
and deformations behind the face i5 a big
enough task in itself, but application to gas
emission calls for one large additional step -
adding fluid flow modeling covering the
plethora of stress, permeability, fluid and
rock property conditions.

Is the effort worth it? If such a project could
be funded, would sufficient use be mads of
the modelling to justify both its creation and
maintenance. From a commercial viewpoint it
is unlikely to be worth the effort.

Mone-the-less, something better than we cur-
rently have is certainly meeded. There is
scope to at keast go part way along this path
and address the rock mechanics aspects of
the model and perhaps some of the gas dy-
DAMIC ASPECLE,
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EMPIRICAL MODELS

Virtually no work bas been done in Australia
to directly define the height of the relaxation
zone, the degree of gas emission and residual
gas levels. In particular, gas contents peed o
be determined for coal seams surrounding
the worked seam in previously mined areas.

Extensometry in support of subsidence stud-
ies needs o be tied in with gas emission to
try and gain a feel for the shape of the re-
laxed zone and bow it propagates with tme
after mining,

Longwall gas balances using real time moni-
toring of the type used at Tahmoor Colliery

are 3 fundamental requirement to support
the abowe work.

ROCK MECHANICS MODELLING

Rock mechanics modelling has the potential
to give much needed insight into the underly
g processes controlling gas emission, Its po-
tential is clearly bevond providing a better es-
timate of gas emission. It should also be of
uze in:

» Assessing cyclic emission phenomena
such az floor break gas outs which are a

major coocern in some Sopth Coast
mines.

»  Agsisting gas drainage design by target-
ing the most prospective (fracturedfre-
laxed) ground.

Computer modelling has been used to obtain
generalised distributions of potential zones of
sirata relaxaton and failure m the rock mass
{Summers and Jeffery, 1992).

Field monitoring involving measurements of
strata movement, fuid flows and zones of
fractured rock is then necessary to detail the
actual response of the strata to these changed
stress conditdons.

On the basis of this information, pas emission
predictions, gas drainage programs or water
fow predictions can be formulated to accom-
modate the conditions antcipated.

In many mining sitoations, the ability to detail
the strata behaviour and ground relaxation
from measurements can be limited. This is

particularly so for strata below extraction
panels.

In these situations, 4 means (o simulate the
behaviogr of the ground would be of benefit
in calculating gas emizsions and oplimizing
drilling by targeting horizons for gas drain-
age.

To undertake such simulation requires the
ability 1o model the rock failure process with
suificient detail to reflect the actual site re-
sponze, Computer modelling of rock failure
about mine roadways bas been successfully
undertaken by SCT using a Finite Difference
code, FLAC.

This code allows large movements to be ac-
commodated in the computations and pro-
vides a realistic simulation of the post faifure
characteristics of the rock.

The application of this code, and other codes
which can simulate the appropriate rock fail-
ure relationships, o caving or ground move-
ment about exdraction areas is difficult, duz
io the scale and complexity of the problem.
However, initial applications of these meth-
ods indicats that the mechanisms of ground
failyre and movement can be simulated, to-
gether with the associated stress redistribu-
tons.

Where sufficient detail of the strata distribu-
tions exists, it s considered possible to wse
modelling to better define the potential zones
of induced permeability and the dominant
rock breakage mechanisms abougt extraction
pangls.

While the application of computer modelling
1o simulate the mechanics of thess processes
is in its infancy when applied to caving and
permeability, it is congidered to be an area
where significant advances can be made.

CONCLUSIONS

Improved empirical and numerical modelling
18 required a8 & bazis for a significantly beuer
way of assessing longwall emissions and de-
signing control measures.

This iz seen a3 requiring a base of gas and
rock mechanics modelling. In that strata
movements dictate gas fows, initial emphasis
nceds to be on rock mechanics modelling
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supported by detailed monitoring of gas
emissions, residual gas contents after mining
and strata deformation.

Although subsequent work could include gas
emission simulation tied to the rock mechan-
ics modelling, at this stage, the focus should
be on gas emission and rock mechanics moni-
toring and rock mechanics computer model-
ling.

The authors are confident that this approach
will lead to the significant improvements in
assessment and design for the control of gas
emiszion - improvements that are sorely
needed.
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