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II{TRODUgfION

Gas problemg largely gas ouis, arose in the
early days of coal mining around the worlil,
leading to the derelopment of various mining,
rrgatilqgiea, and gas drainage techniques.
With deeper miniag and new gassy areas be-
ing mins6, gas problems have increased. This
has lead to more research, such as the direct
relationship between gassiness and coal pro-
duction lerels. Mining and gas drainage tecb-
niques haw been designed to suit special lo-
cal geological conditions, taking into account
statutory rentilation requirements.

A singe longwall face recently produced an
a\€rage of 6000 - &000 tonnes per day with a
maxinum production lewl of ?5, W tonnes
per day (McKensey, 1990). Insitu gas content
of coal searx can reach as high as 25 cubic
metres of methane per tonne of coal. When
etrqc,ting \€ry gassy seams, using the long-
wall caving s)stem, the total quantity of gas
released to tbe underground workings can be
as higb as 6 cubic metres of methane per sec-
ond. To control tbis environment it is neces-
sary to gstauish a direct relationship between
predicted gassiness and planned coal produe-
tion levels for development drirage and long-
wall etraction. This relationship-Can then be
used !o assess rpntilatiou requirements and
achierable coal production le'rcls necessary
to satisfy statutory limiLalions.

GA"S EDIISSION TO THE
UNDERGROT]ND WORIqNGS

The pressure difrerence between inseem
pressure in gas sources and atmospheric
pressure in rela:ed strata./under ground work-
ings causes sorbed gas in the gas sources'
coaly material to become free gas. This free
gas then flows througb the strata's craclc and
fissures towards the goaf areas, underground

workingVr,entilatio n n e twork, and/or m igrate s
to tle surface.

During the process of mining (sbaft sinking,
derelopment drivage, longwaii and/or pillar
elCraction) various quantities of gas are emit-
ted to the underground workings from the
working seem and other gas sources in the
roof and floor strata.

DEF'INIIIONS

Gas emission can be expressed in three basic
units defined as follows:

Spectflc gas emlsslon

. is the predicted quantity of gas wbich is
eryected to be released to the under-
ground yorkings from all gas sources as
a result of coal production during the
eEraction of one tonne of coal.

Absolute gasslness

. is the neasured quantity of gas ex-
pressed in cubic metres or litres emitted
to the underground workings and/or to
the atmosphere during a defined period
of time (second, minute, hour, day, .....,
'€ar).

Relatlve gasslness

. is tbe measured quantity of gas ex-
pressed in cubic metres and related to
the associated coal production lerrels
achieved during rarious periods of time.

.',SPECIFIC GAS &IISSION . GASSINESS
PREDICIION

Specific gas emission is the frnal result of se-
lected calculations used in rarious metbods
of gassiness prediction. Currently available
techniques for the prediction of gassiness
ha.re been de"eloped by research organisa-
tions and individual investigators world wide,
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relevant to local miniag, geological and gassy
conditions and their own erperiences.

Most methods adopt the same basic parrme_
[ers:

. the stratigraphy and lithology abore and
below the worked seem:

. tle insitu gas content of the worked and
adjacent s€Ams and gas bearing rocks;

' the strata relaxation zones;
. the degree of gas emission from roof

and floor gas sources.

Howerer, the accuracy of the prediction de-
pends gglsr.rnriqtly oa specific co_efficients
s51sllishgd for local miniag and geological
conditions.

Geological factors and stradgraphy

A strong direct relationship exists between
the gas emission rate and the geological fac-
tors, in association with longwall e:draction.
The stratigraphical section abora and below
the worked seam is of great importance when
using longwall sptems with total cavi.ng. A
considerable proportion of methane entering
the underground workings originates ftom
surrounding coal seems and gas bearing
sources. The number, position, and totai
thickness of adjacent coal serms are of vital
significance.

Insltu gas content

An accurate ralue of tbe insitu gas content of
worked and adjacent coal seams is of prime
importance for any eas prediction technique.
For unassessed areag t[e combination ofin-
dkect and direct metbods of determining tbe
insitu gas content i8 recommended in order
1e sstaUish insitu gas content and pressure,
and sorption isotberms of the coal. In some
instances the direct metbod is sufficienr
whicb inroh,es the direct sanpling of coal
from eryloration boreboles or fresb coal face
underground. This is foll,owed by measure_
ments of initial desorption, both in the fieid
and tbe laboratory, as well as applying the
appropriate crushing technique to obtain
quick measuremenB of the remaining gas.

Degree of gas emisslon from the roof and
floor - relaxed mnes slmulafion

Relaxation of roof and floor strata allows gas
to flow from adjacent gas sources to the goaf
areas and underground workings. Tbe inten_
sity of the gas flow depends on rhe tlpe and
strength of the rocks and the degree of strata
relaxation. For this reason accurate borehole
logs, and/or sonic relocities, are essential for
the application in gassiness prediction mod-
els. Such models (computer simulation pro_
grams) have been developed for longwall
floor and roofgas sources.

Boundary element and sequential bed sepa_
ration methods, developed and managed in
Europe for floor strata relaxation and imm"-
diate roof bedding separation (Kidytinski,
1991), hara been utilised for dehning re-
Iaxed/carred zones. These methods assess cav-
ing, sEata relaxation, shear and gas emission
zones and their ratios for gas emission pre_
diction and desigp of cross-measure holes in
the floor and/or roof suaa.

These methods hare been modified and utrl-
ised by Lunagas Pty Limited under the names
of 'FLOORGAS' 

and R.OOFGAS', simuta-
tion proglams. The programs calculate
stresses in rocUcoal sea:ls using boundary
element and/or sequential bed separation ap-
proacheg and superimposes tectonic (bori-
zontal) stress compooents if they are known.
Finaily, the programs generate maximum
shear criterion to fud the sbape of the
sheared zone, and define 'gas discharge
stress criterion" to calculate gas release zones
and their ratiros. Relaxed zones show tbe per-
centage contribution to gas emission taking
into account stratigapby, \€rtical and hori_
zontal stresses, coaVrock properties and dis-
tances from the worked seam. Careful selec_
tion of these zones is essential.

Each local environment will harc to develop
its own gas emirsion zones, and their ratios,
depending upon geology, strata stresses, min_
ing, and gas conditions (Lunarzewski" 1992).

Figures I and 2 sbow examples of simulated
zones for floor and roofgas sources, analysed
in relation to drainage hole location, when
the longwall face has mowd 100 metres
passed tbe gas drainage hole. Similar results
can be prepared for various face distances
along tbe longwall block.
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A reasonably accurats prediction of gassiness
can be made, using world wide methodg
*ten mining in situations of homogeneous
stratigfaphy, provided sufficient geological,
mining,--and gas data are made ara.ilable.
However, much better results can be
achieved when using 'FLOORGAS" or
'TIOOFGAS" simulation programs with spe-
cific local input data.

Figure 3 shows a flow chart of longwall total
gas emission prediction. Various assumptions
are analped together with a comprehensi.rc
study of tbe local mining and geological envi-
ronmenE to form a model which is adaptable
to any local conditions.

Total gas gmissisa is calculated using the fol-
lowing coefficienis:

o straLa relaxation zones and their gas re-
lease ratios;

. degree of gas emission from the working
seam;

. daily and weekly coal oucput.

The coefficients, q/hich ha.,p been empirically
deraloped for higb production longwall lewls
achieved ia [us6aliq, are unique for locally
defined conditions, longwall face width of 100
- 20010" and daily coal production of 10,000
tonnes. The accuracy of the above gassiness
predictiou method is within 10 to 157o, as
shown in Figure 4.

ABSOLUIE GASSINESS
(litres CEy'second)

Absolute ga^qsiness is a true reflection of un-
derground gassiness conditions in terms of
total quantity of gas released from tbe strala
during a specific period of time. Total meas-
ured gss nake is a combination of the follow-
ing:

. gas emission rat€ into the underground
ventilation slatem;

. gas emission rate into the underground
and/or surfacc gas drainage system.

Absolute gassiness is the only condition
wbich can be practically utilised as an expres-
sion of a collierys gassiness in determining
the appropriate trentilation requkements nec-
essaty to dilute ges emitted into the wntila-
tiou system to the statutory limits. Absolute

gassiness can alsb be related to periods of
loogwall extraction/detrciopment drivage in
terms of face location or time. Figure 5 shows
typical changes in absolute gassiness associ-
ated witb longwail e)craction distances and
daily coal production levels.

RIX.CITIIE GA.SSINESS
(m3cEltonne)

Relative gassiness reflects the relationsbip of
absolute gassiness with coal production levels
o\€r a specific period of time. Relative gassi-
ness must alcals be qualified when expressed
with its associated period of time and in
terms of mining activities and areas of influ-
ence (e.g. longwall or piilar extraction, devel-
opment drivage, colliery districts and leases).

Relati.€ gassiness can only be utilised as an
erpression of underground gassiness if con-
sistent miniag conditions and coal production
le'rels are 6xiatqinsd over significant time
periods. The period of time for longwall ex-
traction with caving, has been found to be a
mininum of two weeks.

Figure 6 sbows tbe relative gassiness in
m'CHy'tonne (figures on the top of bar-
graphs) during a typical longwall production
cycle for tbree selected periods of time:

. dail)';

. s/€eklli
r montbly.

The daily graph sbows that relative gassiness
'raries ftom 7 to 169 m'CHy'topne depending
on daily coal production lerrels. During idle
periods (weekends) relative gassiness was in-
finity. The high range of rariations suggest
that longwail relatiw gassiness on a daily ba-
sis is not appropriate for expressing under-
ground gassiness conditions.

The weekly graph shows a range of 13 to 49
mrCHy'tonne, hower€f, some periods do
show consistent \alues when coal production
lernls were stable (weeks 31 to 34, 35 to 36,
39 to 40, and 45 to 47).

The montbly graph sbows a range of 12 to 33
m'CHy'tonue with 'rariations due mainly to
changes in mining conditions ratbet than coal
production variations.
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The range of'relatira gassiness variation di-
minishes as time periods are e:cended.

If coal production le',els are consistent for
two weeks ef more then relatire gassiness
also is consistent and is similar to the specific
gas emission calculated and predicted for
t-hese conditions.

Figure 7 shows the relative gassiness during a
typical production cple and through drirrage
of the de',rlopment panel. The graph shows
that relatira gassiness rraries from 5 to 205
m'CHy'tonne depending on gas !ntan6s
measurement periods and total tonnage ex-
tracted in that rimg. ludng idle periods
(weekends) relati'a gassiness was infinity.
The higb range of mriations suggests that de_
velopment relati'a gassiness should not be
expressed relative to time but relative to ad_
lizlnce rate.

CONCLUSIONS

. Specific gas emission is the predicted
quantity of gas c/hich is expected to be
released into tbe underground workings
from all g:ur sources as a result of ex-
traction of one tonne of coal.

. A reasonably accurate prediction of
gassiness can be made, using specific
gas emission calculationg provided suf-
ficieut geological, mining, and gas data
are made amilable.

. Boundary element methods and sequen-
tial bed separation methods have been
utilised to develop new gas emission
simulation progem5 for specific gas
emission and longwall gassiness predic-
tion.

. Absolute gassiness is the only condition
rrhich can be practicaily utilised as an
expression of colliery gassiness in deter-
miniag tbe appropriate ventilation re-
quirements.

. Relaiirc gassiness must always be quali-
fied when expressed witb its associated
period of ime and in terms of selected
miniag activities and areas of influence.
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Figurz /. Simulaaed strata relaxation zones in the noor-

Figure 2. Gas release zones, anO tleir ratios in the roof
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