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FOREWORD

This report presents case studies of outburstsibdtstralia and overseas.

In an endeavour to provide a basis of predictiotoaghether an outburst will occur it
takes the approach of examining the total energyrtray be released in an outburst.
The sources of energy considered are the strangytieat may be released in failure
of the coal and in the release of gas. Two modemsefrelease are considered, one
from pore space and one from diffusion. In theetattise a new model is developed to
describe the potential energy release from diffygarticles. In the Australian

context it is considered that the elements of gnezlpase due to gas dominate.

The critical factors that contributing to energleese in an outburst are:

* Gas Content/Gas Pressure
» Diffusion Coefficient

e Sorption Isotherm

» Particle Size

The less critical factors are:

* Free pore space

» Stress

» Stiffness
A determination of the total potential energy thmaty be released from an outburst is
considered to be a better method of determiningthiurst risk than current single
parameter methods in use. It is proposed thashusld be developed to replace
current systems.

Such a development is likely to enable mining issyabut hard coals but may impose
different restrictions on mining fine gouge materia

lan Gray

3 August 2006
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1 Introduction

This report has been prepared as a document whtriles outbursts and their
mechanism in an environment where most Australiaal Giiners have never seen an
outburst. Its first function is hopefully therefdieeducate. Its second function is to
suggest ways by which outburst conditions may leelipted and to advise on
methods to prevent them occurring.

The reason that outbursts are extremely rare itrélis is the success that the mining
industry has had in preventing them. Gas drainageaeconservative protocol has
virtually eliminated the occurrence of outburstewéver the cost of this is
sometimes quite great in as far as areas that taemdrained cannot be mined, or can
only be mined by shotfiring. These limitations haesxerely slowed or halted
development in some cases. Hence an attempt is imaie report to put forward
methods to assist in determining whether outbwastsoccur under varying

conditions.

2  Description of an Outburst

An outburst is a violent expulsion of coal and frasn a working face. Sometimes
rock is also dislodged in the outburst.

Outbursts are hazardous through the mechanicaltef®é particle ejection and by
asphyxiation from the gas produced. The violencanobutburst has frequently

moved a continuous miner back several metres fhenfetce in a heading. In a
number of cases the dislodged coal, which is fretyef small particle size, engulfs
the operators preventing them from escaping whigegas released asphyxiates them.

Outbursts normally only occur on advancing headthgsigh there have been cases
where they have occurred from a longwall face ghengh they may have been
otherwise described. To my knowledge, no case tifussting has ever occurred on
pillar recovery.

There have been reported a number of cases whtrersis have occurred
subsequent to shotfiring. Gray (1980, |) repoases at Akabira and Sorachi Mines
in Hokkaido, Japan where crews were caught by estbwccurring after the shot
was fired. An outburst at Sorachi occurred fourrea@fter the shot was fired catching
the crew unaware.
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3 Case Studies

Australian coal mines have suffered over one thodisautbursts. In every outburst
case the details are slightly different and engmeead geologists have pondered the
question as to why the outburst occurred. Studiee Involved detailed geological
mapping, examination of coal microstructure, angsptal tests. Nearly always there
is something that is different locally, whetherstlacal difference is the cause of the
outburst is frequently not known, though in mangesaa significant geological
feature is associated with the outburst site.

Outbursts in the Bulli seam at West Cliff (Marstetlial, 1980) and Tahmoor
Collieries are prime examples of outbursts thaehascurred on structures in NSW.
In Queensland, outbursts on structures have oatatreeichhardt Colliery,
Blackwater (Moore and Hanes, 1980) and the Coliilesmines (Biggam, et al,
1980). Notable exceptions from those outburstshhaé occurred on geological
structures are the outbursts that have occurrex $aid coal at Leichhardt (some
350 outbursts) and Cook Collieries (Gray, 1980(Mopore and Hanes, 1980).

Overseas many outbursts have occurred some of whgtly exceed the size of any
that have occurred in Australia. Hargraves (1980prts an outburst at No 1
Morrissey Colliery in Canada which occurred in 1804l produced 3 500 tonnes of
coal and 140 000 cubic metres of gas.

3.1 The West Cliff Experience

Marshall et al (1980) describe very well the nawfreutbursts at West Cliff Colliery.
The mine was operating at the time in the Bullnsed a depth of 480 m with a seam
gas pressure of greater than 3 MPa. The seam ia thiek and consists of a
bituminous coking coal with a vitrinite reflectanockabout Ro max = 1.25. The seam
gas was of a composition varying from substantiaBthane to substantially carbon
dioxide.

The outbursts reported by Marshall invariably imeoh continuous miner
approaching a shear zone on a fault. A particilaaszone direction (110 deg)
produced far more outbursts than another (080 ddgp.shear zones had thicknesses
of 200 to 1400 mm and generally but not universthllythicker the zone the more
severe the outburst. Severe outbursts ejected 14tdonnes. Parallel to the shear
zone were usually a series of joints that mightipé¢o 2 to 3 metres from the zone.
This jointed coal was usually dislodged with thé¢boust.

On approaching the shear zone a haze, thoughtdad& cooling with gas
expansion would sometimes be visible from the cartis miner and then an
outburst would occur. Under work practice at tineetithe operator would use the
continuous miner as a shield. It was found to bbéqaarly effective to have the head
raised to contain the outburst. This practise viss ia place at Tahmoor Colliery.
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Figures 1 to 6 are reproduced directly from thegpdyy Marshall et al. They give a
good indication of the occurrence of outbursts asWCIiff Colliery.
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Figure 1: Outburst No. 3 West CIliff Colliery,Bulli Seam. Drivage with shear
zone parallel to roadway. (Marshall et al 1980|)
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Figure 2: Qutburst No. 1 West Cliff Colliery, Bulli Seam. Drivage with shear
zone intersecting at right angles to the roadway(Marshall et al 1980)
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Figure 3: An example of outburst and associated fhires. Qutburst No. 85.;
(Marshall et al 1980)
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Figure 4: An example of outburst and associated fhires. Outburst No. 82.;

(Marshall et al 1980)
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Figure 5: An example of outburst and associated fhires. Outburst No. 26.
(Marshall et al 1980)
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Figure 6: An example of outburst and associated fhires. Qutburst No. 20.;
(Marshall et al 1980)
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Outbursts effectively ceased at the mine with tteduction of guided drilling to
ensure good gas drainage practice. However the nasidéwo outbursts from the
longwall face in 1998, which were reported by Wd5899). These formed cones
that pushed approximately 17 tonnes of the uppergbahe seam into the AFC and
left behind it the appearance of burst cones irfdbe. The outburst occurred when
the longwall was taken beyond a gas-drained areéeghvdontained Cgat a gas

content of approximately 20%tonne. Such longwall burst occurrences are howeve
rare though the Author is aware of their occurreénade Kuzbas coal area of Siberia.

3.2 Leichhardt Colliery — Solid Coal Outbursts

Leichhardt Colliery was located in the Bowen Basime 16 miles south of
Blackwater. It mined the 6 metre thick Gemini setrd00 m depth. The seam
consists of a low ash (6%) high quality coking cofalitrinite reflectance of 1.24%
consisting roughly of equal parts vitrinite andriiméte. Uniaxial compressive
strength testing revealed a core strength betweam 20 MPa with Young’s
modulus of 2.3 GPa and a Poisson’s Ratio of 0.32nspproaching sample failure.

The coal was noted for its high frequency and dénrgctional main cleat system
which varied from 040 to 100 degrees in orientatidnvery minor butt cleat existed
which was mineralised. The coal had a gas counfestime 16 rfitonne. On mining,
many induced fractures formed with a spacing asecks 1mm which frequently
enhanced and/or joined the cleating and made fde=ion between mining induced
and natural cleat fractures quite difficult (Haa®sl Shepherd, 1981).

Leichhardt Colliery had an unusual stress and pabitigy regime. The coal exhibited
a very and directional marked cleating. The priatgiress direction appeared to
follow the direction of the main cleat with a 23d horizontal stress ratio (as
measured in the sandstone roof). In drained arfehe seam the vertical stress was
found to be higher than the horizontal. This streggme is thought to be significantly
different from the pre drained state. Gas drairtaajes drilled across the cleat
produced very little gas at first but would aftentmonths produce a significant
guantity. Holes drilled parallel to the cleat wowoldy produce gas at occasional
joints. The ratio of permeability perpendiculaithe cleat compared to parallel to the
cleat is considered to be of the order of 100:itialrpermeability across the cleat was
by back analysis of drainage thought to start ataB.1 millidarcy and to rise with
drainage to something approaching 500 millidar@yss extraordinary change in the
permeability is considered to be a function ofc¢lwse nature of the cleating and
shrinkage that occurred in the coal with drainage.

Most of the mining was conducted by a Joy 10CM icoiatus miner, with a few

pillars developed by an Alpine AM50 road headetimited amount of development
was conducted by shotfiring in the eastern devetogrand after the fatal 1978
outburst, in the 1 South Development. The mine npregressed beyond this stage of
development because of numerous problems. The wany outbursts, roof (coal)
bursts, floor heave and ribside failures. Rectaagudadways had to give way to
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arched roadways and then with shotfiring there aveeturn to the rectangular
roadway configuration.

The outbursts invariably occurred from the facalanside that was perpendicular to
the main cleat. The mode of failure was one whepeby of the face would often
show a bulged or ringed structure akin to a cuboifface). As the face bulged
further, the outburst would occur. The mining crd@same able to pick such
outbursts by the ring formation and would oftenttrynduce them with the cutting
head of the miner. The outbursts were usually anitall by Leichhardt standards
dislodging less than 75 tonnes of material. Thes&loutbursts led to complacency.
The largest outburst in the eastern workings oeclon 18 July 1975. This outburst
came from the right hand corner of the face andiéed the miner, its driver and
cable hand, who fortunately survived. Over 300 &mnof material was loaded out in
the subsequent clean out. A plan of the outbutsikisn from Moore and Hanes
(1980) and is shown in Figure 7.
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Leichhardt Colliery Eastern Qutburst , Moore and Hanes (1980)

Figure 7:

These solid coal outbursts were of a conical fonth @ccurred with the axis of the
cone approximately perpendicular to the main clégtinterpretation of these is that
failure would occur within the coal causing mukiphduced cleavage planes. The
coal between each of these planes would startdkidand gas pressure would drive
the plates of coal outward. It was possible to tdwmdreds of induced cleavage

Page 15
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planes in the walls of many of the outburst casitead in the ribs. Figure 8 shows a
section of such an outburst cavity.

Figure 8: Leichhardt Colliery Outburst Cavity — Ind uced Cleavage Planes,
Moore and Hanes (1980)

After well over 200 outbursts while using mechahioaing equipment, mechanical
mining was banned as a consequence of the 191®yfatiad the mine reverted to
shotfiring in the southern area. This was appayenitcessful; however
measurements revealed that this success was sitw@lio natural gas drainage
having occurred along the cleat between the prelyaexisting southern and eastern
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areas of the mine. As mining progressed beyondrbe drained between the
headings and down the cleat line, gas pressuredrasnatically and normal solid
coal outbursts recurred. This situation is showRigure 9.

Figqure 9: Leichhardt Colliery Outburst — Cleat Line Pressures, Gray |.

(1983)

As can be seen, outbursts commenced on approxintheel.5 MPa seam fluid
pressure contour. This may not correspond to atagel pressure but is not too far in

August 2006 Page 17



SIGRA™ PTY LTD Coal Mine Outburst Mechanisms, Thresholds and Prediction Techniques

error as face gas pressure measurement revealee fibles were drilled from 1
South Panel by Jeff Wood and myself following atbaust. The procedure was to
drill to a depth and then to insert a 1 metre Ipagker to within a metre of the

bottom, set it and time pressure build up. On Btalbion of the pressure the packer
was removed, the hole drilled deeper, and the psopeated. The pressures
measured are shown in Figure 10. The influencbetteat on pressure is clear as the
hole drilled along the cleat had much lower pressiihis measurement reinforced the
concept of 2.5 MPa being the threshold pressuredtursts at the mine. In
retrospect the operation probably put us at sefisésas we might have triggered an
outburst in the process of hand drilling. At thradithe risk was seen as being the
same as shotfiring crews experience every round.

Figure 10: Leichhardt Colliery — Cleat Pressure Sthilisation, Gray (1983)

Interestingly Cook Colliery developed similar outbis on a small scale in its deeper
areas.

Several measurements were made of stress chafrgatiof an advancing face.
These were undertaken using uniaxial stress chegltge These showed no
significant stress change until the cells were egpdoy the next shot.
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Table 1 gives the particle size distribution ofken material from a normal
Leichhardt Colliery Outburst site.

Rank 1.24
Macerals % Vitrinite 35 Exinite 1 Inertinite 59  Miral Matter 5
Sizing (mm) % Retained
+12.7 31.0
6.35 26.6
3.18 18.1
1.00 15.0
0.50 4.8
0.25 2.6
0.125 1.0
0.0 0.9
Apparent relative density 1.215 gm/ml

Table 1: Particle Size Distribution, Normal Qutburg, Leichhardt Colliery,
Gray (1980 11

3.3 Leichhardt Colliery — December 1978 Outburst

In December 1978 an ouburst took place in the nafrthe mine. This was unlike all
other outburst to have occurred at Leichhardt €oflboth in size and nature. It could
be regarded as being more conventional in thavalved disturbed mylonitic coal.
This disturbed coal was part of a reverse fault llaal affected the seam. The fault
caused approximately 30% of the seam to be eitlyesmtic or brecciated. A plan
view and view of the ribside of the outburst cavi#yshown in Figure 11. The outburst
ejected 500 tonnes of rock and coal as it excava®Hmetre long cavity ahead of the
mining face. The face had been pre-drilled to apprately 20 metres with five 100
mm diameter holes the day before the outburst. £08fe outburst occurred when
mining proceeded directly on to these after digllithis was cleaned up and as
mining recommenced the next day the major outlagstirred. It excavated itself
back into the face following the mylonitic matenadtil it choked itself off by filling

the cavity full of broken material. An estimatedd@0 to 12 000 cubic metres of
methane and up to 1500 cubic metres of carbondakoxiere released with the
outburst. Those surviving the outburst reportecs\distinct thumps as the material
was ejected and entrained in the gas stream. Twoweee killed in the outburst.

August 2006 Page 19



SIGRA™ PTY LTD Coal Mine Outburst Mechanisms, Thresholds and Prediction Techniques

WORKING FACE AT TIME
OF BURST

¢ 5m PARTING

' “’“‘“Y:::::j“ S
Rule R U Y WORKING ROOF

i
—L SEAM FLOOR

END OF FIRST DRILLED ~ COALFILLED

100 mm. HOLES OPENING 10 WITHIN
! 85m OF ROOF

INBYE HERE

~ WORKING FACE AT TIME TZZ VERY DULL COAL
OF BURST MARKER BAND

iy MYLONITE OR
< 2 BRECCIATED COAL
0 5 10m

| U S—

Figure 11:

Leichhardt Colliery December 1978 Outbust Cavity, Moore and

Hanes (1980)

Table 2 gives the particle size distribution ofdmiated material from the December 1
outburst at Leichhardt Colliery while Table 3 givbe particle size distribution of the
mylonite taken from the ribside of the outburstitavihe nature of the brecciated
material is finer than the normal outburst matefTable 1). The mylonite (Table 3) is
significantly finer still.

Rank 1.23
Macerals %

Apparent relative density 1.24 gm/ml

Vitrinite 51%  Exinite Inertinite 43 Mineral matter 6
0
Sizing (mm) %
Retained
+12.7 7.2
6.35 20.0
3.18 23.0
1.00 25.4
0.50 10.8
0.25 6.6
0.125 3.1
0.0 3.9

Table 2:

Particle size distribution of brecciated naterial from December

1978 outburst. Gray (1980 1)
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Rank 1.28
Macerals % Vitrinite 56%  Exinite Inertinite 38 Mineral matter 5
1
Sizing (mm) %
Retained
+12.7 12.3
6.35 14.2
3.18 16.2
1.00 21.2
0.50 11.8
0.25 10.8
0.125 6.1
0.0 8.0
Apparent relative density 1.124 gm/ml
Table 3: Particle size distribution of brecciated naterial from December

1978 outburst. Gray (1980 1)

3.4 Collinsville Outbursts

The Collinsville mines have had an outburst probs#nee 1954 when an outburst in
the State Mine killed 7 men by asphyxiation in atbarst of 900 tonnes. The
outburst was associated with a fault and dyke. dutburst set a pattern for less
severe ones that followed in Dacon No. 3 Mine and 2AMine in that it involved
faulting and igneous activity and appeared to bgely gas-driven by carbon dioxide
seam gas.
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Figure 12:  Geological Setting of Bowen No. 2 Min&hepherd et al (1980)

3.4.1 Collinsville Geology

Collinsville is situated at the northern end of Beeaven Basin and dips from the
outcrop, southward. There are a series of seathg iGollinsville coal measures.

The geological setting is shown in Figure 12. Blogven seam is mined at No. 2
mine. It is reasonably well separated from theotommercial seams, the Blake and
Garrick. The seam thickness varies but is apprateiy 6 metres. Towards the
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southern (lower) dips area of the mine, a stonel biwides the seam. The
composition of this varies but a carbonaceous milthtone of approximately 0.5 to
1.0 metre in thickness was found at the outbutss siAbove this, the seam was 3.0
metres thick and below it 2.0 to 3.0 metres of coaild be expected. The seams are
affected by igneous intrusions and local rank temethrough the thickness. Rogis
(personal communication 1980) has proposed the mertof hot fluids in the seam
as an explanation for the local rank variationbede rank variations are evidenced by
Ro max to varying from 1.10% to 1.31% at one lawatilgneous activity is also
primarily responsible for the seam gas which isipminantly carbon dioxide. Gould
and Smith (1980) have evidence of this from theatapic study of the coal. The
seam gas composition varies with methane makingast of the balance. This has
presumably come from the normal coalification pssce

Work done by the mine using both core desorptichrigue and the Hargraves’
emission index has shown that the gas contenteofdhl varies with location. Depth
has a bearing on this but local variations alsetexThese local variations are thought
to be due to coal type changes and igneous intrsisi€ross bedding is frequently
found in the coal. This leads to rapid coal vasiatith position.

In the mine area there are a number of geologidls. Running approximately
North-South are several major reverse faults coetbimith other lesser faults. These
faults have been the main site of outbursts in2Nlmine. The outbursts have been
characterized by ejections of mylonite. Floor reeagcurred during mining in the
dips area and this was considered to be a gagdgbabblem. Faults and outburst
sites are shown in Figure 13.

In the upper areas of the mine the roof is massawelstone but tends to become more
shaley with depth.

A dominant cleat exists in an approximately easttvagrection. The butt cleat is less
well developed but is more obvious than its eqertht Leichhardt Colliery.
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Figure 13: Bowen No. 2 Mine, Collinsville Faults, @tburst and Floor Heave
Sites. Gray (1983)
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3.4.1 Collinsville Mining

Mining into the early outburst in the State Minesazeing undertaken by shot firing.
When mining resumed in the area of the 1954 outpansrocedure of inducer shot
firing was adopted. This involved firing eithemsiltaneous or millisecond delay
rounds with men being well clear of the workingaard& his approach was successful
in inducing outbursts (Hargraves 1963).

In No. 2 Mine mining has been with a continuouseninSome attempts were made
in the dips area to use pulsed infuser shotffiriitg W1 Hydrobell explosive and
packers as stemming following practice at MetrdpaliColliery (Ward 1980). This
involved using a borehole filled with waterproofpéosive and water under pressure.
This was found to be unsatisfactory as misfiresroticcurred, and hence was
abandoned. The bulk of mining in gassy areas bkad bontrolled by the Hargraves’
emission value. When this exceeded 1 cm?3 gas/ggaraple coal, mining was halted,
the face and floor drilled up to 40 metres in degoill emission values retested until
they dropped below 1 cm?¥/gm. Mining could thenceed.

3.4.3 Outbursts at No. 2 Mine

Several outbursts and a floor heave/outburst frenehth the stone band have
occurred in the mine. These have been small irpaoison with outbursts in the
State Mine. The outbursts occurred on a thrudt &6 metres throw as shown in
figure 4.8. This fault is a double thrust set @durrounded by a large amount of
mylonite and brecciated coal. Shepherd et al (1888ort increased cleat intensity
up to 200 metres outbye of the fault. The outlsuosturring in 53 Level West
(53LW) were all gassy, of fine material and smadés The first in 53%L followed
pulsed infusion shotfiring and a recorded Hargraggsssion value of 1.1cm®/gm. It
took the form of a virtually silent excavation irgoft mylonitic or brecciated coal.
The best description that can be given to the osaths one of similarity to a piping
failure in an earth dam or embankment. The gamlgleroded a path back into the
coal until the outburst choked itself off behine tead of the miner. This is shown in
Figure 14. The outburst produced 25 tonnes of. coal
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Figure 14: Sketch of 53 ¥4 Level outburst in the sirmetre throw thrust fault.
View of southern ribside. Gray (1983)

Another outburst occurred in the 53L area of theeniThis could almost be regarded
as slump as a soft boggy face rolled out and dwvehead of the miner.

Later in the next panel above 53L, 51L, severalllsmdbursts occurred. The last of
these moved about 30 tonnes of material. The esttidgelf resembled a blast from a
shotcrete gun of fine particles. Subsequently thef area above the outburst
collapsed. As a small gas drainage exercise had t@rried out in the vicinity of the
outburst, the gas pressure was known to be 400kRs® A floor heave during the
drivage of 67L in the mine involved a release of gad the breakage of the stone
band. The miner was raised and pushed sidewayglv& metre long floor holes
which penetrated the stone band were drilled piothe floor heave occurring.
Adjacent to the floor heave site was a substangiainant of a river channel in the
roof.

3.5 Japanese Outburst Experiences

In 1980 | had the opportunity to visit Japan onradhth study visit arranged between
the Japanese Ministry of International Trade andustry (MITI) and the
Commonwealth Government. The purpose of that w&as to study Japanese
methane drainage practice. Outburst occurrence3apan were also documented
(Gray I., 1980 ).

3.5.1 Sunagawa Colliery, Hokkaido

This mine suffered from severe outbursts for maggry before the drainage program
described in section 3.2 was adopted. Even wihrtiplementation of this program,
workers at the University of Hokkaido have monitbesall (60 tonne) outbursts.

Because of the weak coal (1-3 MPa UCS) and highpgassures measured to 4.4
MPa at 710 metres depth, outbursts occurred readilge most common outburst
location was on crosscut drivage from rock intolco@dhe seam most commonly
affected was No. 8. Outbursts could extend up GQonietres above the crosscut.
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Drainage practice in use in 1980 probably removiedut 40% of seam gas and
caused a drop in seam pressure to approximatelyPa (Gray 1980 I). Use of
drivage by inducer shotfiring appeared to contrgl present outbursts safely.

3.5.2 Akabira Colliery, Hokkaido

Geology

The colliery is in the Northern part of the Ishik@palfield. Four coal bearing
measures with 23 coal seams of 50 metres thickndstal exist in the lower part of
the Tertiary strata which mainly consist of shald aandstone and overlie Cretaceous
strata in unconformity. The Akabira Fault is thajar geological structure in this

area and the general strike shows N-S directidre ificlinations of the east and west
wings of the syncline are about 60° and 40° resmd¢t and become gradually

steeper towards the surface. The deepest coakdemat 1500 metres below sea
level. Workable coal seams in 1980 were No. 1legpio. 11, No. 10, No. 9, No. 8
and No. 7 seams. The seams range from 1.7 todu®sthickness and inclinations

of 2° to 68°.

The faulting makes mining conditions very diffiuadl being located by underground
drilling. Most of the faults are reverse though #kkabira fault has both normal and
transcurrent components. Most of the faults haenimormal in the past but have
been changed. This is revealed by tuff marker ®arithe major fault gouges are
typically 10 to 15 metres thick and within this zotontain a mixture of rock and coal
from many levels. The strata surrounding thesegame deformed though
reasonably competent.

Within the fault some larger blocks of harder maleremain; however, much of the
material is intensively slickensided. The coahwitthe zones has a layered structure
of multiple slickensiding and can easily be crushgdhand. (It is very similar to the
mylonite found from an outburst at Leichhardt Gali, Queensland, Decembér 1
1978.)

All the outbursts which have occurred at Akabiraehbeen associated with faults.
To the north-east an andesite volcanic cone exisiie to the south-west a basaltic
plug exists. Near the latter a neighbouring miaé to stop mining due to water
make. This mine had many outbursts. No effects®heighbouring volcanic
activity are apparent to mine engineers in Akabira.

Cleating has not been studied in relation to gasmédge behaviour. In areas
accessible to the author a principal cleat actessyncline and reverse faults was
apparent as was a butt cleat which could possilgdsociated with the transcurrent
movements. Coal strengths are the highest enaeuhite the Ishikari Coalfield being
in an “Australian Range”, i.e. 0 — 20 MPa with aege of 13 MPa. Shales are in
the range 30 — 50 MPa and sandstones 80 — 90 MR&Nct strata of ‘Gambali’ or
loose powdery coal exist within the coal seam.
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Mining

Where advance mining was practised it was coveyestrbss relaxation drilling. This
involved drilling holes of 100, 245 or 250 mm diasreahead of the face using
augers. Gas release occurred rapidly during andgliswing drilling because
considerable breakage of coal occurs. Once in-skaage has been achieved
mining may proceed by longwall or step-cut (KakQichethods. The latter was a
form of hand worked longwall in a dipping seam watstone packed goaf.

Outbursting

All outbursts at Akabira mine have been in faukeeas, the worst cases being
associated with the major faults. For this regbemmajor fault areas are totally
avoided in extraction, and are treated with cautioradvance working. Some rock
outbursts have occurred in development in rocks ¢dommon for the oily smell of
higher hydrocarbons and aromatic compounds to beeabbefore such occurrences.
This led to gas analysis work in an endeavour ¢atifly outbursts by this means.
Some attempts have been made to measure gas prasstoss measure work.
These yielded varying pressures over a close gobhples. The holes were sealed
using cement grout caulked standpipes. Akabiracbasluded from this that gas
pressure is not uniform and furthermore it is ngbad indication of gas outbursts as
outbursts occurred in the low pressure areas. nfdemum gas pressure recorded
was in a cross measure hole that was grout sealddifmetres. The borehole was
used in an unsuccessful attempt at hydrofluorid agection to increase flow; the
pressure measured at 515 metres depth was 2.55 MPa.

The worst gas outburst occurred on approachingehgal fault in 1958. It released
3600 m3 of gas and expelled 700 m?3 of rock and dosi.

Jamming during auger drilling was regarded as ditator of a fault and therefore an
outburst-prone zone. Many outbursts occurred sameafter shotfiring, catching
crews erecting support. In the seven years to $88€y precautions incorporating
large stress relaxation boreholes and stress tedaxa@ave been adopted and there
have been no outbursts.

3.5.3 Minami Oubari Colliery, Hokkaido

This colliery suffered a fatal outburst in 1979deling drivage into pre-drilled
ground. The outburst was associated with two sfaalts of 200 mm and 300 mm
movement. The normally weak coal in the mine braiké eroded easily to allow 660
m3 of coal and 47 000 m?3 of methane to be relea$&é. most significant finding
about the outburst was that flow from advance fgpwas low. An explosion and fire
followed the outburst during rescue attempts.
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3.5.4 Yubari Shinko Colliery, Hokkaido

This outburst closely mirrors the one at Minami @ultColliery. It occurred in 1981
during in-seam drivage into pre-drilled ground.eTdoreholes were in this instance
cross-measure holes through the seam from undergaliaries. Low flows were
measured from these. The outburst which followéabliét involved 4 000 tonnes of
coal and rock. An explosion and fire followed theburst.

3.6 Summary of Knowledge Gained from Case Studies

A range of outbursts have been described in thagp@h. They have varied from
outbursting in solid unfaulted coal at Leichhardifl@ry through the outbursts at
Sunagawa where unfaulted but very weak coal wasved in the outbursts, to the
other cases where ejected material was fault gouge.

In all cases gas has been implicated as the metior fen propelling the material. Of

all the outburst cases, normal outbursts at Leiatit@lliery would appear to be the
closest to rockburst condition as they were assatiith a hard, apparently unfailed
rib and face, and occurred in a buckling form wheohild be associated with expected
face stress patterns. However, in areas measutele low seam fluid pressure,
outbursts did not occur. These areas were tolodar other workings to be in a de-
stressed state. The implications of this aredhatutbursts are primarily gas-driven.
Certainly the large outbursts rely on gas to predttarance for the material
generated so that they do not choke off on imptg@xpelled material.

Very large outbursts (more than 500 tonnes) all terbe associated with faulting.
The material in the faults is smaller and morelga&sitrained in a gas stream and
more capable of supplying that gas from pore spadeincreased surface area to
desorb gas.

Some outbursts are mentioned as having occurreghatow levels of gas pressure.
The most interesting of these is the 51L outbur&awen No. 2 mine, Collinsville.
This shows that a carbon dioxide outburst from migmay occur with a gas
pressure lower than 400 kPa. The ease with wiigkel material may be propelled
by gas makes it unlikely that gaseous ejectionsevan be totally stopped by gas
drainage alone.
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4  Theoretical Aspects

4.1 Outburst Initiation

The occurrence of an outburst is preceded by faitdithe coal. Failure in itself is
nothing remarkable as it occurs in mining all tineet The difference in an outburst is
that the failed material is ejected with energy wafitth gas. A gradation exists
between a rockburst where no gas is emitted touostd which are totally gas driven.
The gas contributes in a major way to the expulsiothe coal and is generally
thought to be the main contributor to total ene®gase in the majority of outbursts
(Gray, 1980 ).

Failure is by definition a state whereby the effgcstress in the material (coal)
exceeds the strength of the material. Effectivesstiis the total stress minus fluid
pressure. The fluid pressure may be either gasatenin a coal seam however very
little dilation of the coal mass is required foeteffect of water pressure to be relieved
while gas pressure will be sustained through deisorpFor failure to continue the
removal of material from the failure site is re@uirotherwise the outburst will choke
off as confinement is developed.

Coal is a variable material both with location avith ply within the seam. Various
coals have significantly different stress straiareltteristics. In uniaxial compression
most coals fail in a brittle manner and break up multiple particles. This applies
particularly to the brighter coals. This breakagja function of the coal type and rank.
The particle sizes generated on breakage are iargoifthe finer the size of particle
created in the failure the more important it i®utbursting as fine particles have the
capability to desorb gas more quickly and be rerddvem the outburst zone quickly.

Coal toughness is an issue of particular importana®lid coal outbursts. Toughness
is by definition a measure of the energy requicedause a unit area increase in
fracture area. Commonly this is thought of as alctgp propagation issue and much
has been written on the subject in mechanical eeging and hard rock breakage
literature.

If we think of coal breakage under gas pressune W must think of a fracture
propagating whilst it is being filled with gas whics produced by the desorbing coal.
The coal is of course subjected to other stresdéshwill also tend to cause
breakage. How the coal breaks up is a functioh@fcbal structure and its toughness.
The tougher the coal the harder it is to breaKTgpigh coals absorb energy from the
work being done to them in failure.

If coal is already broken into many fragments l®y fdulting process then it has
negligible cohesion and can be expected to behaahamically as a soil with the
major exception that it may produce gas.
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4.2 Outburst Energy Release and Fragment Propagatio n

The propagation of an outburst and indeed its mitéemay be considered to be
directly related to the surplus energy that thd baa following failure. How this
energy is dissipated is entirely dependent upoméuenetry of the outburst and the
roadway. The energy may be absorbed in inter-partiilisions or it may direct the
coal outward into the roadway. Predicting theséofads probably beyond reasonable
expectations as it requires a detailed knowledgbenfjeology and geometry of each
potential outburst case. Getting some estimatetmial energy release should
however be a goal that is sought after.

4.2.1 Potential Energy Release Due to Strain Energy

Stressed coal contains elastic potential enerdys Jtored energy may be
mathematically represented as the integral of titess with respect to strain over the
volume being considered. In addition to the steaiergy in the failing coal itself the
surrounding material may impart energy to the thdeal from the outside.

Let us consider a potential outburst form thatcylander perpendicular to the face.
The cylinder face is stressed radially and ther@iface confinement. The
mechanism of failure is crushing due to the raslisdss exceeding the strength of the
coal. Let us also assume that gas removes thdrooakhe cylinder as it fails
maintaining a free face. These are sweeping assumsgtut they still permit us to
look at the energy involved.

It can be shown that the strain energy per unitiimel of a biaxially stressed coal face
is as shown in equation (1). This is simply thegnal of stress and strain.

Wd :E‘gra—r :Earz(l__vj (1)
2 2 E

Where:

W, = energy elastically stored per unit volume urdakial states conditions

o, = uniform radial stress field
v = Poisson’s ratio

E = Young’'s modulus

g = Radial Strain

The coal surrounding the failing cylinder may ailspart energy to the core by elastic
release. This energy is given in equation (2).
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_ 2
W —op 17V @)
Vol E
Where:

W, = Energy due to elastic wall contraction on uningd
Vol = Volume of cylindrical hole

o, = radial stress

v = Poisson’s ratio

E = Young’'s modulus

Consider now the case where the coal has a unieciapressive strength of 12 MPa,
a Young’'s modulus of 2.0 GPa and Poisson’s rati@.8f At the limit of failure of the
face the elastic potential energy contained irctire is 0.025 MJ/fh The energy that
may be imparted from the elastically collapsingrayér is 0.13 MJ/rh It is probable
that these energies may not be simply added buthtedailure of the coal core will
absorb energy from the surrounding collapsing dg@mand that the potential energy
release is somewhat less than the sum of the texgiers (0.16 MJ/m3).

4.2.2 Energy Release Due to the Expansion of Free P ore Gas

Most coals are water saturated in their virginestetowever mining leads to some
drainage which initially displaces water becausthefrelative permeability
characteristics of the coal. This water displacdneaves gas filled pore space within
the coal. If the coal is solid coal then the voluoh¢he pore space is extremely low.
However the potential for significant gas filledid@pace exists within gouge
material and, to a lesser extent in coal fractimgdhining stresses.

Gas stored freely in pore space contains potemti@tgy. This energy is immediately
available if the pore space is not confined wittwal solids. That is the gas exists in
cleats or indeed between fragments of coal in lmést or gouge material. On failure
the gas may expand adiabatically delivering itsgyndf we consider this energy
being delivered to a piston then we may calculateadily.

Equation (3) describes the potential energy abkal&rom adiabatic expansion of gas.

y-1

, yl

W= —(H\fl)vl(l‘” 1—(5j ' (3)
14 1

Where:
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W = work performed
P, = initial pressure
P, = final pressure
V, = initial volume

V, = final volume

C
y = ratio of specific heatsc—p

\

If we consider a void space of 5% in a mylonitentiae have an initial volume of 50
litres per cubic metre of material. Figure 15 shoesavailable energy from this gas
during adiabatic expansion. The value of 0.33 Md.@tMPa gas pressure is quite
significant and double the value likely to be aahlié from elastic strain energy.

Adiabatic Energy Release on Expansion of 0.05cu.m  of Methane
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Figure 15: Energy available from 50 litres of gasx@anding adiabatically to
atmospheric pressure. Note 50 litres per cubic medrcorresponds to a porosity of
5%.
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4.2.3 Energy Release Due to the Desorption of Gasf rom Coal

Gas is also stored in the coal through the prookssrption. This name covers a
number of processes which may be considered tesengally summarised as mono
and multilayer adsorption. This adsorption takexelin micropores within the coal
and a process of capillary condensation occursetdyethe gas is actually in liquid
form within the pores. Interestingly the pores reapand with the gas contained
therein (Gentle, personal communication 2006). dffiect of different pore sizes is to
cause variations in gas diffusion rate.

The physical effect of this is coal shrinkage dgritesorption which may have
dramatic effects on permeability of coals (Gray83,91987) and which is physically
measured by SIGRA Pty Ltd on core samples.

Diffusion is the process of the movement of a clafthrough another substance.
The case being considered here is the movemertsathgough coal.

Crank (1975) produced a work which mathematicathatied the movement of
varying substances down a concentration gradierdifierent geometries. This work
is the basis for the assessment of the initialgssfrom core after it is retrieved from
a borehole. In this the core is assumed to diffadelly from the core. A plot of the
gas volume desorbed versus the square root ofisimjected back to the estimate
of time zero to find Q1, the gas lost during ca®ieval. This procedure produces
surprisingly good straight lines. From the slopehié graph, the total gas content and
the core diameter it is possible to calculate ariical diffusion coefficient. If the
later diffusional behaviour of the core is examibgdhe same theory then the
coefficient of diffusion may be found to drop te@ue that is typically a fraction of
the initial value. Thus we could think of coal aimg a two stage diffusional
process. In reality the coal probably has a mtatje diffusional process
corresponding to the varying micropore sizes ardstlacing between cleats in the
coal.

If we think a little more about core diffusing gagn the concept of a uniform
cylinder of coal diffusing gas is the exceptionrdality the coal is usually cleated and
bubbling may be observed at the cleats in the estalyes of desorption. In the later
stages of desorption the core is either in a canastdry and diffusing too slowly to
see how the gas diffuses. Nevertheless this irskigde of the line of square root of
time versus desorbed volume is an important indigaarticularly if note is taken of
the state of cleating in the core.

Bearing in mind the limitations of the mathematidadory of diffusion it is possible
to use the numbers gained from core for an iniliélision coefficient in estimating
the gas release from diffusing particles. Unlike gantained in pore space gas
diffusing from coal particles is not instantaneguslailable to drive an outburst.

The energy available from expanding gas is by d@efimthe integral of pressure with
volume change. Mathematically this concept magXmessed in equation (4).
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W = Vde/ (4)

The energy available from gas being diffused owt obal particle assumes that the
gas comes out at a pressure and then expandsasoroThe particle must be able to
deliver this gas at a pressure and the gas muatlbdo expand. As the volume
diffused is time dependent then the power of thEaaring gas is dependent on time.

It must be borne in mind that in an outburst theaking coal is not however a piston
to be driven by an expanding gas source but igrattgroup of moving particles with
potential for leakage between. The rate of gassel@nd the power of the outburst is
dependent on time. At small times the gas may pahthe broken coal. At long
times the outburst event will be over and furthes groduction has no effect on the
outburst. This short term gas production at presfem the diffusing coal is
extremely important in outbursting.

To be able to assess the energy that can be ddroraddegassing coal particles let us
consider the measurement of diffusion coefficients.

Core Desorption

The rate of gas diffusion may be gained by exangitie rate and total volume of gas
release from samples of known geometry, Crank (197& sample of broken coal is
gathered for this purpose then it will need to iegedd to gain a measure of the sizes
while if a core is taken then its diameter needset&nown. In reality it is also
necessary to examine the core carefully for fras@and to decide whether its
effective diameter is somewhat less than thatettre itself.

The equation (5) describes desorption from a celinidth a uniform initial
concentration.

=1-) —— e (5)

where—!

is the ratio of desorbed gas over the total gasntiag be released

<)

JOR are the roots of a Bessell function of the firisick

for the equatiod,(aa,) =0

D is the diffusion coefficient

t is time
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ais the radius of the cylinder

For small values dbt/a’ this equation may be approximated to equation (6)

1 3

m_ 4 (D05 b1 (DI, o
M, Jrla? a® 3Jmla?

These equations are plotted in Figures 16 and H&sd show plots ddt/a®

(Figure16) or the square root &ft/a’ Figure 17) versus the ratio of gas diffused to
gas available to be diffused. In Figure 16 the @altithe diffused ratio approaches 1
for large values obt/a® as represented by equation (5). The upper cupresents

the first term of equation (6) while the curve belihe full solution represents the
first and second terms of equation (6). The lowastrepresents the first, second and
third terms of equation (6). The valuesiifa® which lead to errors of 5% and 10%
for different solutions of (6) to the full solutiare in the diffused gas ratio are
presented in Table 4.
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1* term approximation

2" term approximation

True Solution

3" term approximation

Figure 16: Solution to Diffusion from a Cylinder
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1 term approximation

2" term approximation

True Solution

3" term approximation

Fiqure 17: Square-Root Solution to Diffusion from aCylinder
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1% term 2" term 39 term % error
Dt/a? 0.0125 0.265 0.4 5
Dt/a? 0.050 0.40 0.625 10
Table 4: Evaluation of Dt/& for 5% and 10% errors using the . 2" and

3% term solutions of equation (6).

From this it can be seen that the first term sofutf equation (6) which corresponds
to the square root of time plot used to asseskh@as in core desorption. This is
valid within the 10% error range provided tita’ is less than 0.05. Manipulation of
this first term approximation of equation (6) shaat it is therefore accurate to
within 10% provided that the ratio of gas desorbeer gas available for desorption is
less than 0.505. For gas desorption ratios lesstthia it is possible to use the ratio of
desorbed gas to gas content, the time and thedamreeter to calculate the diffusion
coefficient. Alternatively the diffusion coefficiemay be calculated from the slope of
the initial desorption data by making a plot of ¢fas desorbed versus square root of
time. For HQ size core (61 mm diameter).

In real terms an unfractured HQ core that deso@8s af its gas content in 20
minutes has a diffusion coefficient of 5x1f?s. If the effective diameter of the core
due to fractures is 20 mm rather than 61 mm thesidn coefficient becomes
6.5x10". This illustrates the importance of gaining a grakthe fractures in core
when assessing diffusion coefficient.

Diffusion From Particles

The diffusion of gas from spherical particles isci#bed by Crank (1975) in equation
(7) which may be reduced to equation (8) for smalilies ofDt/a>.

M 6 @ 1 [—Dnznztj
TR I

[+

()

1
M, Dt)2| -5 & . na Dt
=6 — | </ 2+2) ierfc—;-3— 8
M G(azj { nZ:;‘ \/Dt} a’ ®)

0

ierfc is the complimentary error function

In this case corresponds to the radius of the spherical particl
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These equations have been used to calculate gasedirom different size particles at
different pressures. In addition to the volume as geleased the work that the
expanding gas may perform has been consideredashisnes that the gas expands
down to atmospheric pressure in an outburst prabesdasts up to two seconds in
duration and is considered to cease when the pofitee expanding gas drops to
below 0.1 MW per cubic metre of coal. To permistiimulation a sorption isotherm
approximating that of Leichhardt Colliery coal Hmen used. This is shown in Figure
18. The model is shown schematically in Figure 19.

Sorption Isotherm for Gemini Seam
a = 28.295 * (0.5828*Pabs)/(1+0.5828*Pabs)

25

20 1

15 o

10 4

Volume of gas per unit volume of coal

T T T T T T T
0 0.5 1 1.5 2 2.5 3 3.5
Absolute Pressure (MPa)

Figure 18: Sorption Isotherm for Gemini Seam, Leichardt Colliery

Figure 20 shows the modelled energy release frooba metre of coal with varying
gas pressure and particle size. The diffusion @efft is quite high at 1x1dm?/s.

As can be seen the energy release for particlesland 0.32 mm is virtually the
same. This means that these particles have givéineimpenergy. A particle size of 1.0
mm diameter has given up a substantial part gfassand energy while that from a
3.2 mm particle is approximately a third of thatlod finer particles. Particle sizes of
10 mm and greater simply can not desorb enoughtogasse any concern. The curved
nature of the plots is essentially a function & ghape of the sorption isotherm.

Figure 21 shows the modelled energy release freob& metre of coal with a
diffusion coefficient that is 1x1¥, i.e. one hundredth that of the previous example.
Here the energy release for the finest particle €z1 mm) is very significant but by
the time the particle size has increased to 0.32nengas energy release is more than

4.5
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halved and for the case of a 1 mm particle is gemall. Coarser particles would
produce negligible energy release.

These plots show that the energy release with eﬁpgnyas from broken coal may be
very significant with energy release values of MI.Bm” at 4 MPa gas pressure for the
finer particle sizes. These are very significamele and are much higher than those
coming from a porosity of 5% (0.33 MJ)rand strain energy (0.16 MJim

Gas Pressure

P1 INITIAL STATE

Gas Pressure Distance from Centre of Sphere

P1
DURING DIFFUSION

P2

P atmospheric

A Distance from Centre of Sphere

X Diffusion from coal particles
initially at concentration to
P1; to edge corresponding
» P2 to P2.

Adiabatic expansion from

« DIFFUSING SPHERE P2 to atmospheric pressure.

v Adiabatic expansion =
Potential to do work.

Figure 19::  Spherical Diffusion Model
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Figure 20:  Gas Energy Release, Diffusion Coefficier 1x10° m?s?

August 2006 Page 42



SIGRA™ PTY LTD Coal Mine Outburst Mechanisms, Thresholds and Prediction Techniques

0.6
0.5 -
® d => Coal Particle Size in mm
£ 04
3 ——d=0.1mm
R ——d=0.3mm
% d=1mm
Q 0.3 —¢—d=3.2mm
& —%—d =10 mm
é; —o—d =31.6 mm
S
o 0.2
C
d e
0.1 -
.//I/ = -
0 ¥ ¥ ¥ g %
0 1 2 3 4 5

Gas Pressure, MPa

Figure 21:  Gas Energy Release, Diffusion Coefficient = 1x¥0m?s*
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4.2.4 Fluidised Movement of Coal In a Gas Stream

The ability of a gas stream to entrain particleiated to the size of the particles,
their density , the velocity (squared) of the gasesn and the density of the gas.
Particles ejected from an outburst will be projdadetward and will in general
separate out from the gas flow and fall to the gtburine particles may be expected
to be held in turbulent flow of gas while heaviartiles will not. However heavier
particles already at velocity will project furthes drag will have less of an effect in
slowing them up.

The actual modelling of the movement of particledifferent size in a slowing gas
stream is a complex process beyond the scopesofeport. However the order of
importance of particle size and velocity with retgato entrainment can be gained by
an examination of the much simpler case of theoigl@f gas required to support a
particle against gravity. The results of this cidton are shown in Table 5.

Coal Particle |Velocity Velocity
Diameter Methane Carbon
Dioxide

mm m/s m/s

0.1 2.3 1.4

0.5 5.0 3.1

1 7.1 4.3

5 15.9 9.6

10 225 13.6

50 50.4 30.5

Table 5: Velocity of upward gas stream required tanaintain coal particle

in suspension.

Even the upper end velocity contained in this tablguite realistic in a violent
outburst. What is particularly worthy of note ahne tower velocities required to
suspend a particle in an upward stream of carbaxidk as opposed to methane. This
effect is due to the higher density of carbon diexi

4.3 The Importance of Structure

In all outbursts recorded in Australia geologidalisture is of great significance. This
applies not only to the outbursts that have occuimeobvious gouge material within a
fault zone but also to the solid coal outbursts titcaurred at Leichhardt Colliery. In
the latter case the highly directional cleatingtoafed gas drainage characteristics
and the nature of the failure that lead to an astbu
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Most geological structures influence the way inafdhgas can drain within coal
seams. All structures from faults to joints andatdemay supply gas or lead to it
draining away. Dykes may act as gas barriers.

The way in which geological structures have altehexdcoal properties is also very
important. This may be by simply macerating thel tdamall particles or by
weakening the material so that it will break ugdion small particles on failure. This
may be well illustrated by an example of coal whi¢bok from a fault zone where an
outburst had occurred in the Bulli seam at Metrit@nlColliery. The fault fill

material was not particles but it was very weak larake away in large flakes as |
pulled it out. It could be very easily crushed witimy palm.

In addition to mechanical properties there is teedito consider how structures have
influenced the gas type and the chemical propenegicularly the diffusion
coefficient and the sorption isotherm.

4.4 What We Need to Know to Determine Whether an
Outburst Will Occur.

Outbursts do not occur without failure of coal frathof the stresses that act upon it.
Unfortunately relying on no failures occurring ioad mining is not realistic.

The next fact to consider is whether there is gatatned within the coal. If there is
negligible gas in the coal then an outburst will occur though strain related energy
releases may eventuate. These strain energiestaveny high near an unconfined
face but may become high further in from the faicthe face fails suddenly to expose
these more stressed coals at depth then these estiigies will need to be considered
further.

If there is gas within the coal then we need tedeine whether it can lead to an
outburst. The fundamental question to be askedllish& gas be released quickly
enough that a significant energy release will oc€aranswer this question we need
to know the gas pressure/content, the diffusiorificient and what particle sizes
need to be considered.

The gas content is regularly measured and theymesan either be derived from gas
content measurements and sorption isotherms oirégtaneasurement. The
diffusion coefficient can be determined to somerdedrom examining the desorption
characteristics of core or particles. The questtbith may be more difficult to
answer is that related to particle sizes.

If we have gouge material in a fault then hypottaly we may be able to measure
particle size by sampling. Due to physical diffioes this is not however a practical
option for each fault zone. It is also possibld tha particle sizing may change
during an outburst. This applies to either solidlar to gouge material.
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If an outburst may occur as a result of gouge rateeing present in a fault then the
volume of the gouge material that may be encoudtsrenportant.

Finally we need to decide what level of energyaséeconstitutes a hazard.

5. Measurements That Can Be Made

5.1 Gas Content/Desorption Rate Tests

It has long been practice to measure gas contgritking core either from surface or
from underground, placing the core into a caniatef measuring the gas release with
time. The initial gas loss is calculated from ithiéal desorption rate and projecting it
back to an estimated time when desorption fronttte commenced. If a long term
desorption is undertaken then it is sensible ta fiesorption curve to this and to
extrapolate the results to find the total gas aunié only a short desorption period is
permitted then the remaining gas content must beddy crushing the core to
reduce it to a small size so that desorption ocapilly.

Provided that the core is cylindrical it is possild calculate the diffusion coefficient
from the desorption behaviour. This requires thasaeement of core size, gas
release rate and total gas content.

If the core is broken or if coal particles are afed it is still possible to measure gas
content and diffusion coefficient. Care must howehe taken to get realistic
dimensional estimates. In the case of broken ¢eafihes may emit gas too quickly
for a sensible measurement to be made, i.e. makeafas has been lost before the
coal can be put in any form of canister.

To illustrate the effects of particle size on dgflon two figures have been prepared.
These show the proportion of gas diffused from sghef different sizes for two
diffusion coefficients, 1x1®m?/s and 1x13° m%s.

Figure 22 shows the case for a diffusion coefficiErix10® m%s. In this it can be
seen that particles smaller than the largest cersitd(31.6 mm diameter) have lost
most of their gas before any sampling system cauraetically deployed. This is a
real warning for those who sample broken core ag thay have lost the bulk of their
gas before they get it into a canister. Figurel&8\s the case of a coal with a
diffusion coefficient of 1x18° m?/s. Here the smallest sample that could usefully be
sampled is 3.16 mm diameter.

It is currently thought that the likely diffusiomefficients lie between the values used
in these graphs, i.e. 1x¥@nd 1x10° m?/s. Any sampling that is to be done should
accommodate this range of diffusion coefficient #md poses difficulties related to
time and particle size. Coals with an outburst ask likely to produce fines and to
have a high diffusion coefficient. This means thiatiaining gas contents and diffusion
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coefficients is difficult in these coals. The gadl have substantially gone from the

small particles assuming that they can be sampled.
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Figure 22: Proportion diffused from spherical particles
Diffusion coefficient = 1x1& m“/s
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PROPORTION DIFFUSED
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Figure 23: Proportion diffused from spherical paticles
Diffusion coefficient = 1x10° m?/s

5.2 Index Tests Expanded

Those who work in the area of outbursting have lrghed to find a simple index
that will tell them whether an outburst will ocaurnot. Several index tests have been
developed and used with varying levels of succEss.lack of universal success of
any of these tests is due to the complex natucaitifursting. However it is useful to
have a look at what others have done and why theg himitations. One of my prime
criticisms of any index test is that it does naiyple a measurement of any
fundamental parameter such as diffusion coeffici@atsuch, each test result can only
be used for comparison with another test conduayesimilar means and cannot be
used as a fundamental parameter in its own ridhe. Benefit of fundamental
parameters is that they can be used in modelsasittie energy release model
presented earlier.

5.2.1 Gas Content Testing

While this is an attempt at measuring a more furetgtal parameter it is has been
used as an index of outburst proneness in AustrBtis use has been successful in
the Australian context but has probably slowed potidn needlessly in areas of coal
that is hard and slow to drain.
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5.2.2 Hargraves' Emission Value

Dr Alan Hargraves developed an emission value (@®&)er which is pictured in
Figure 24

Figure 24: Dr. Hargraves Emission Value (EM) Meter
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This device was designed to measure the gas rdlemseoal cuttings taken by the
use of a hand held auger drill of 43 mm diametbe dauger was used to avoid the
introduction of moisture to the coal. The proceduess to drill to 6’ (1.8 m) and to
clear the cuttings from the hole. The last foot)(8@m) of hole was then drilled, the
cuttings taken and sieved so that sample sizesket®w.125 and 0.5 mm could be
placed in the EV meter canister. This process bdmktcompleted in one minute
which was a very tight time constraint. On inifidhcement the canister was vented
through a three way valve. A droplet of glycol waen injected into the measurement
tube and the three way valve used to divert emgseglinto the tubing behind it. The
volume of gas released from the coal was then medsyver five minutes. The
canister held a nominal 4 grams of coal which mayehbeen weighed after testing in
some instances. The EV value was the gas emissionthe five minute period
divided by the mass of the coal and was therefgpeessed in terms of cc/gm
(equivalent to cubic metres/tonne). The device ugesl with some success at
Metropolitan Colliery and at Bowen No. 2 mine, @Qudlille both of which were
mines with carbon dioxide as the principal seam §he critical EV value was about
1 cc/gm above which measures had to be taken tasdbg seam. The EV meter took
small samples and the results could be manipulatge user choosing the coal ply
which the sample was taken from. Biggam et al (198port a trial at Bowen No 2
mine, Collinsville where 60 readings were takemfra face. These showed a
variation from 0.43 to 1.18 cc/gm. Examinationtué teadings show a distinct pattern
and that these variations were a function of l@catin the face rather than the
technique itself. In fact 72% of readings were with.2 cc/gm which was remarkably
consistent.

The method was also used in mines with methankeaseam gas. Hanes (2006) is of
the view that the device was quite successfullylud eichhardt Colliery with two
quite different problems. The first is the reluctarof the crews to use the device and
their manipulation of the results by choosing sexiof the face from which to take a
sample. This was relatively easy to do at Leichhasdt was known that a sample
taken from the corner of the face across the ekeald have a high reading while a
sample taken with a drill hole along the cleat wigmoduce a low result. This was
consistent with drainage patterns along the fabe. fotential conflict of sampling
results with production bonus arrangements wasya\aa issue. Changing mine
culture could have solved this.

The second problem perceived was that the EV iatkridropped with moisture in
the coal and that these areas were those thatoutrarst prone. That outbursts
occurred in areas that were moist is quite exple&ab these were areas that had not
drained and the original seam moisture was stifilate. What is particularly
interesting though is the apparent drop in diffngiate with the presence of water in
the coal. This requires further investigation.

Hargraves EV meter seems to have had all of thmexiés of a successful system but
with a few major flaws. It combined taking coalksfown size at a known time and
measuring the emission rate. The major limitatiointhe test appear to have been
associated with the small particle sizes takerhbyatuger drill and possibly the
effects of moisture on the desorption rate. Thellspaaticles size matters because
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even with a slow diffusion rate of 1x1dm%s a 0.32 mm sample could be expected
to have lost virtually all of its gas within the 68cond period from drilling to the
commencement of measuring. If bigger particlesd@dalve been tested and the test
continued for a longer period then the gas emissi@racteristics could have been
determined and extrapolated to produce lost gagiasaontent and in addition the
diffusion coefficient.

The Hargraves EV meter as used took just a snap$iiot late stages of diffusion
from small particles. The problem with this is thids not possible to use its results to
separate the important parameters of gas contamtdiffusion rate.

5.2.3 Other Desorbometers

Both Lunarzewski (1995) and Lama (1995) describarapling system used in
Poland that resembles the Hargraves EV meter rexbgrkHere, once again a dry
coal sample of size range 0.5 to 1.0 mm and 4 gssrhad to be obtained by auger
drilling and placed in a canister within 90 secoridse volume released was then
monitored over the next 120 seconds. The gas ehaés was correlated to total gas
content. Unfortunately this correlation could oafyply to a specific coal and the
device otherwise has the same limitations as thigreees device.

Noack et al (1995) describe yet another devicéisfkind called the condenser-
barrier desorbometer in which a sample is placebtlaa initial flow rate measured.
This device was used in Germany.

| understand that desobometers are also in ushimaC

5.2.4 Laboratory Tests

There are a series of laboratory tests that cambertaken on coal samples to
determine the rate of gas absorption or desortan coals. Lama (1980) describes
several of these. In essence they involve placisanaple of coal in a pressurised
atmosphere of gas and measuring the uptake ofygéeelsample. Alternatively they
involve degassing an already gassy sample and megshe rate of gas release. The
index numbers arrived at by these are somewhsitimg as they are not related to
anything fundamental. It would be far better if tesult was related to a value of a
diffusion coefficient rather than some test valdeix. This lack of relation of
measurement to some fundamental parameter is alvagsgous limitation. It means
that the result cannot be used for any other pergean comparison with tests done
by identical means.
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5.2.5 DRI 900

Williams (1997) presents his concept of a DesorpRate Index. This by definition is
the amount of gas that is released from a cor®@fgZmass within 30 seconds of
being subjected to crushing in a rock crusher ovaretioperated by GeoGas Pty Ltd,
the company owned by Dr Williams. The results angedated to gas content values
from core samples. The DRI 900 value correspondsdas release of 900 ml from
the 200 gm sample. In his paper Williams showsrapigcal correlation of the DRI
900 value to between 7 and 10.3 cu.m/tonne totaktgatent for methane as the seam
gas. He also presents another empirical correlatimving that with increasing
carbon dioxide in the seam gas the total gas codteps to 7 cu.m/tonne for a DRI
value of 900.

In conducting the test GeoGas crush the samplesioadl size so that one could
expect that most of the gas in the coal would Hzeen released. Williams however
notes that different coals have different total gastents for the same DRI value.

The test is a combined measurement of the crustyatfilcoal, diffusion coefficient
and gas content rolled into one. Weak coals wilsbrmore and become finer while
tough coals will crush less. Coals with high diftuscoefficient will tend to release
more gas in the given interval as will coals withigher gas content.

One obvious limitation of the test is that gas Mdkoccur from core prior to the test
being conducted and that this must affect thereestlts.

The test is used as an outburst indicator with & @R value being used as the lower
threshold indicator of outburst proneness. Thanigmpirical relation gained in an
environment where few outbursts have occurred.

5.2.6 Borehole flow rate

In 2005 | visited mines in the Kuzbas in Siberia éound that they used borehole
flow rate as an indicator of outburst pronenesgifTimeasurement technique is to
drill a test hole into the face and to insert akeaento that hole as quickly as
possible. The flow from the hole is then measuketiow rate exceeding 4
litres/minute per metre is considered to be arcaidir of outburst proneness.

This type of measurement seems to be based upadel of a diffusing solid where
the initial flow rate is at its highest and therclitges. As such the measurement is a
function of the initial gas content. Alternativelye measurement could be considered
an indicator of structure. It seems that the testlts are somewhat ambiguous.

Akabira colliery in Hokkaido Japan measured floanfrboreholes and when the flow
had dropped below a certain level they decidedithveduld be safe to mine that area.
As they were fully aware that in many cases flowuldaot occur in some areas until
some form of stress relief had taken place, usimilthe use of large diameter
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drilling, they presumably protected themselves ffafting into the trap of mining
low permeability coals with high gas content.

Flow cannot be considered a general indicator tfurgting as in many cases low
permeability leads to low gas flow and minimal dexe.

5.2.7 Pressure Build Up in Boreholes

Though the reference cannot be found at this tidmecall reading that in the
1970’s some of the German mines used the techiifjdelling a hole in the face and
inserting a packer, setting it and then watchirespuare build up. A pressure rise rate
exceeding a certain value was considered to beediang,.

This is a test that can be useful, but when usetidoyinwary can lead to problems.
The test can yield information on seam pressurelwisi in many ways as good or
better an indicator of outburst proneness tharcgagent. However the test method
has limitations in the quality of the seal that b@ndeveloped between the packer and
the borehole wall. It also has significant problamsery impermeable coals. Here

the flow rate into the hole is sufficiently low tithe storage volume in the borehole
significantly slows the build up rate. Indeed ireanstance at Dartbrook Colliery, it
took nearly two months for pressure to build ugeam pressure because of this
effect. Being able to recognise these effects ted@mical skill and experience.

5.3 Strength Tests

Coal strength can be measured by the processesréhased for other rocks. Such
tests include uniaxial compression tests, triabdals and point load tests. All these
tests are more difficult to conduct on coal becaises weak and often
inhomogeneous nature. The measurements that cometiem are useful in arriving
at Young’s modulus, Poisson’s ratio and the stieagitvhatever state of confinement
exists. From this the potential strain energy m¢bal mass can be calculated. This
strain energy may in some cases be quite significan

5.4 Toughness Tests

Toughness of a material is by definition the amafrgnergy that is required to create
a fracture of unit area. The amount of this enésgearly dependent on the
mechanism by which it is applied. Thus we couldeztghat the energy required to
propagate a fracture in compressional loading it qlifferent from that supplied by
internal fluid pressure expanding a crack.

Most used toughness tests on rocks involve sont@toyclic loading that breaks
down the sample from one sizing to another. Exasmpiesuch tests are the
Hardgrove grindability test which is used on caeatite Los Angeles test which is
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used on aggregates. These tests hardly modeirthenstance that exists in an
outburst where failure is initiated by stress amdrinal fluid pressure.

However toughness is important as the energy requa fragment the coal in an
outburst situation has to come from somewhere.offtiens are from strain energy or
from expanding gas. It is important however to kigemind the failure strains and to
ensure that they are matched to the source ofndagye producing the fracture. Thus
one might expect that the energy coming from sunding coal or rocks is in the right
strain range as that required to produce fractrése coal. Unlike this the energy
coming from expanding gas derived from diffusionubprincipally come long after
failure.

Any test system currently used to measure toughmessal is likely to be
inappropriate as a direct measure of a fundameataimeter. Therefore either some
new test needs to be devised or use must be maeéstihg tests but with due regard
for their shortfalls.

5.5 Fluid Pressure and Permeability Measurement

It should be noted that | have avoided discussergnpability in this report. The
reason for this is that whether an outburst ocoursot is not a direct function of
permeability. Permeability and other reservoir pgters combined with mine
drainage into roadways will determine what gas fue=/content exists near a mine
face. This value of pressure/gas content is importapart in determining whether an
outburst will occur or not.

The measurement of permeability is however usefdeitermining whether a state
that is conducive to an outburst occurring may avete. Virtually all permeability
test techniques involve measuring pressures amdifpeither the direct measurement
or an estimation of reservoir pressure by some fafrextrapolation.

Any permeability test requires the reservoir (cegjlilibrium pressure to be
disturbed by a flow from or into an opening. Thisgshbe combined with pressure
monitoring either in that opening or in anothertfdithe reservoir. If the test
involves a single borehole then the pressure manganust be within that borehole.
In this case it is best to produce from a borehol@ then to seal it and watch the
pressure build up.

Most measurements in coal from underground involee phase flow of gas and
water. This makes them interesting to interpretweler production tests always
produce more reliable numbers than injection tésspite the complications in
analysis.

From underground the most reliable form of tesh&asure reservoir parameters is a
four hole trial. This is illustrated in Figure 25.
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Figure 25:  Four hole trial to measure reservoir paameters. Gray (1983)

First pressure sensing points are grouted intaehote. Pressure is allowed to come
to equilibrium and four flanking holes are drilleddrain gas and water from. Each of
these is monitored for gas and water flow. In thige of test the outer holes act as a
cut off to flow from the outside while the innerdwact as part of a infinite drainage
pattern at the spacing between them. The presensing points in the middle hole
serve to provide both a check on the material lb@ldgas initially in place - gas
drained = gas in place) and as a basis for hist@tghing with a simulator. The
multiple holes also give good opportunity for compg flows to check out seam
homogeneity. If an incremental flow test is conédcin each of the four holes then a
real picture of seam drainage characteristics eapuit up. Ideally this test should
be conducted both along and across the main dieation so that directional
permeability can be assessed. Such test techniggresused at Leichhardt Colliery,
Bowen No. 2 mine, Collinsville, and Moura No 4 mifiée only effort at such a test
since has been at Dartbrook mine.

A simpler test system for permeability measurenfiemh underground is conducted
by drilling a borehole and inserting the equipm&mwn in Figure 26.
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Figure 26:  Pressure Build-Up Test Equipment (not tscale). Gray (1983)

The packer is inflated and the water and gas fl@wnaeasured for about 24 hours.
The valve is then closed and pressure is allowdxiid up. The analysis of this event
with the assistance of a simulator provides a Hasiassessing permeability.

SIGRA Pty Ltd regularly measure permeability fronmface boreholes by conducting
drill stem tests and sometimes injection fall-efts. We have also conducted
interference tests.

A Drill Stem Test (DST) involves sealing above #sam and below the seam (if
necessary) with packers. A valve at the bottonheftool is then opened and
production is then induced from the coal seam abwlater and gas flow into the drill
string which has been emptied. When a certain atafufiow has occurred the valve
is closed and the pressure build-up is monitorée. Gottom hole pressure at seam
level is monitored during this test. Analysis inves$ using flow and pressure build-up
information. Injection fall-off tests involve pummg water through a drill string into
the coal seam and then closing off the bottom vaha watching the pressure
decline.

Interference tests involve either production oeation from a borehole whilst
monitoring the pressure changes at the seam icedjboreholes. Single hole DST
and injection fall-off tests give non directiona@rmeability information whilst an
interference test provides the basis for estimatiegdirectional components of
permeability.

It must be remembered that the permeability of£ohhnge during drainage. This
change in permeability is brought about by chanmgedfective stress and by two
phase effects caused by changes in saturation. ddatt reduce their permeability as
the effective stress increases. This is becauseehés narrow as the effective stress
rises with fluid pressure lowering. Another effeften reverses this trend. This
involves shrinkage of coal with drying and the dpsion of gas. The coal shrinkage
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causes the stress in the coal to lower and thésdie@pen. The stress is redistributed
to the roof and floor. The two phase effects omszbility may be explained simply
in as much as when water occupies the cleats thexroom for gas to flow and vice
versa. That is the presence of one phase preventadvement of another.

Permeability is a measure of the dimension andasity of fluid paths within the
(coal) reservoir. It has dimensional units of léngtjuared. Thus a measurement made
with either gas or water flow, or a mixture of tia® should be the same. In practise
there are many factors to be taken into accoumeasurements. The first is wellbore
loss effect. Frequently changed permeability comalkit exist around a wellbore due to
stress concentrations or simple lack of uniformitgleating through the wellbore.
Secondly the wellbore loss effects can be sigmitigachanged by producing from the
hole or injecting. This can be caused by the chaungeffective stress brought about
by the near wellbore fluid pressures. It can alsstoongly influenced by particle
build up on the well bore during injection thusre&sing the local wellbore loss. If
clays exist in the cleats of the coal then injeginwater of different salinity to those
naturally existing may cause them to swell and ghahe permeability quite
dramatically. For these reasons production tesafyaad on the basis of the fluid
mixture being produced are generally more reliside injection tests though
frequently more challenging to interpret.

Great care also needs to be taken of the facptrateability of coals changes during
production. If, as was the case at Leichhardt €gllithe absolute permeability
changes by more than two orders of magnitude dymioduction due to stress
changes and shrinkage then one measurement of gaitityels simply a snapshot of
what it is at that instant in time. Other factous!s as shrinkage need to be taken into
consideration. These factors become more impoirtaneak, softer and more cleated
the coals. Hard coals with high permeability, fe\imrt often larger) cleats tend to be
less affected by permeability changes.

5.6 Stress Measurement

Reliable stress measurement in coal is virtuallgassible because of the cleated and
weak nature of most coals. However, knowledge efstiness in coal is quite
important from the viewpoint of outbursting.

Stress affects the permeability of coals and hémeavay in which they drain in both
magnitude and direction. It also affects the wawlrich coal fails and the energy that
may be released on failure. Fortunately the s&agrgy component of outbursts in
Australia does not yet appear to be so great tligtmperative to know stress. It is
however still desirable to know the stresses tkist avithin the coal seam.

Stress measurement in rocks can be categorisedms Of reliability of technique in
the order of overcoring, hydrofracture and borelokak out. In coals overcoring is
generally impossible because the core fracturedrdfisacture is limited because of
the pre existing cleating within the coal. The deieation of the major as opposed to
the minor principal stress is always difficult. Bbole break out measurements are
only useful if the borehole wall crushes. In calks additional complication exists
that failure is frequently controlled by cleating.
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This means that indirect options must be consideretkduce likely seam stresses.
These involve the measurement of roof and flo@sstrFrom this the component of
stress due to self weight in a zero lateral steavironment can be subtracted leaving
what | refer to as the tectonic stress, Gray (20083tonic stress is caused by external
strains. These tectonic strains can be calculatddialike stresses which vary with
rock stiffness are frequently shown to be quitestsient across sedimentary strata.

The stress in the coal can then be calculated éséimate of the Young's modulus
and Poisson’s ratio is known. This is achieved d&lgwating the stresses due to self
weight and adding to them the stress due to thertecstrain.

5.7 Open Hole Drilling Measurements

A borehole that is being drilled in coal by openeni@chniques is a mini roadway in
the seam. Thus it is a very useful model of whaghhhappen in a roadway
development albeit with limitations of scale. Thhay influence that is different is
that back pressure may exist in the borehole paatily if the hole is being drilled
with water.

It would seem to be sensible to monitor the devalemt of a model roadway in the
seam to the maximum extent possible. However thssriot come about despite the
significant efforts of several individuals and gosuvithin Australia (Lunarzewski
1994).

As outbursts produce lots of fine particles andtbas it would seem these are what
should be measured in the first instance. Thisiigegractical in short holes as gas
release can be measured and the cuttings canlbetedland their volume and size
distribution measured. However as the holes gejdothe effect of what is occurring
at the end of the borehole becomes somewhat blogredtting separation and gas
emissions into the hole generally. The situatiomdde improved by opting for a
reverse circulation process in which the cuttingsraturned down the centre of the
drill string at a higher velocity than in the anmsil This was very successfully done at
Leichhardt by the German firm Montan Consultingrteasure gas content in about
1974.

In addition to focusing on what is cut or emitteahh a borehole a lot can be
determined by examining the drilling process its€tfe prime measurements that can
be made are the rate of penetration, bit thrustphiue, rotational speed of the bit
and bit load. These were reported by Richard Da(#000) for the monitored Proram
drill. An area of potential outburst structure veletected by it at Appin and on
subsequent mining, a small outburst occurred. Thesssurements were the subject
of quite a detailed study in an ACARP project todarce a tool for this purpose. The
tool was designed for rotary drilling. Its modeopferation was that torque, thrust and
rotational speed would be monitored at ¥4 secorahiats whist drilling and when the
tool stopped rotation it would take a survey arghtgo to sleep until rotation started
again. The drilling measurements were proven texteemely successful but at the
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time the survey tool had problems. While the ldti@ve been overcome the impetus
was lost and industry opposition to anything othean directional drilling is so great
that it was not considered worth while to pursuge Work into this area is reported in
Gray (1997) and Gray (2002). The technology caaxtended to directional drilling
but with some limitations. Any torque and thrush snust be placed behind the down
hole motor. Because of this the signal which cofras the cutting action of the bit

is somewhat attenuated, at least in the higheué&edes. Another problem with using
torque and thrust measurements is that to be usefulata needs to be transferred
quickly and most data transfer systems are quote.sl

Another approach with directional drilling is toeugeophysical probes to measure the
parameters of the material being drilled. The dsgammma sondes to determine the
proximity of the roof and floor seem to be in vogaehorizon control but would

seem to offer very little to a miner trying to fiadgouge zone. The use of resistivity
sondes show promise for detecting larger structouéso detect the finer features it
would seem that torque and thrust sensing is piglihb best option.

In another approach to getting more informationafian open hole Sigra Pty Ltd
built a borehole pressurisation tool. This deviaswlesigned to serve several
functions. The first of these was to maintain puessn a borehole during all aspects
of the drilling process. This would enable fluigépsure to help stabilise the borehole
wall. It was also designed to enable chips to heand circulated out of the hole
without degassing having occurred. This offeredapygortunity to collect a chip
sample of coal under water pressure. The optioisseeito then use these chips to
measure sorption pressure, gas content and diffusiefficient under wet conditions.
The tool was built and tested extensively on serfaat the opportunity to test the tool
underground never came and it has since remaingsednA report on the tool may
be found in Gray (1998).

The fundamental problems associated with develogiitigng systems for
underground that will do anything different is titia¢y require testing. If electronics
are involved then the whole issue of intrinsic safears its head. If they are simply
drilling developments then the problem is one tdiifering with drilling production.
This is exacerbated if the mine uses a contraltedrHere the issue is one where the
contractor has a contract to drill not to develoms other group’s technology.

5.8 Core Drilling Measurements

Core drilling seeks to preserve core taken fronctdmral section of the borehole.
This is the opposite of open hole drilling. Its useletecting potential outburst
problems is therefore quite different. Insteadooking for fine cuttings in an open
hole it is known that in core drilling the fineslWde lost. Therefore core loss is a
good indicator of potential outburst problems whsrthe ability to recover core is an
equally good indicator that an outburst will notoc This last statement can only be
considered to apply to core drilling in the abseoicfuid pressure in the hole, i.e.
from underground. The core may be used for therahitiation of gas content and
diffusion coefficient. Examination of core permite detection of core loss and the

August 2006 Page 59



SIGRA™ PTY LTD Coal Mine Outburst Mechanisms, Thresholds and Prediction Techniques

detection of joints that frequently exist aroundlfa even if the core is lost from the
fault itself.

5.9 Incremental Flow Testing

Whilst not an indicator of outburst pronenessselit a knowledge of flow
distribution from within a borehole can be extreyneseful in detecting areas of low
or high flow. In holes up to 60 or 80 m length ste$ts can be conducted by
advancing a single packer up the hole and settiagimcrements of say 3 m and
measuring flow. The flow per unit length can thencalculated as the slope of the
flow versus distance curve.

When the holes get longer this technique losestsgtysas incremental changes are
too small with respect to the background flow.His tcase there is a need to build
equipment which permits a section of hole to béisa and the flow measured from
it. The equipment can then be shifted and the phareerepeated. The design of such
a device has been undertaken several times butdhstry has, to date, lacked the
enthusiasm to pay for it or use it given that aifdremental flow test may take as
long to conduct as the hole takes to drill.

5.10 Detection of Gas Filled Void Space by Geophysi cal
Techniques

Concern exists about pore or void space existirapals that contain gas at pressure.
The reason for concern is that this is instantaslgavailable stored energy. While
large voids are not present in coal seams the tilmtenf dry gas filled gouge material
would be extremely valuable. Potential exists ttediesuch structures by resistivity,
radio imaging or seismic. The downside to all sgebphysical techniques is the
uncertainty associated with the measurement.

5.11 Summary - Most Useful Measurement Techniques

It would seem that the most useful measuremenhiquhls to detect outburst
proneness are those that identify the importardrpaters and permit the detection of
structures that may lead to an outburst. In thetralian context we do not seem to
have reached the situation where stress is as temg@ factor as gas and therefore we
need to focus on the latter.

Given the proven use of coring it would seem thregt avenue to advance the
detection of outburst conditions would be to exteadng to a continuous practice
and to conduct core desorption properly so that gas content and diffusion
coefficient can be measured. In addition therbésconsiderable benefit that core is
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available to be examined. It is important to taleetul note of areas where core is not
retrieved as this may indicate the loss of gougtera.

The second most useful approach would be to use logle drilling techniques that
enable monitoring of the cuttings and gas emittethfa borehole. If such techniques
were combined with behind the bit torque and thnashitoring then a good system
could be put together to locate any structures.

Both the above systems could be regarded as stmayé rsensing techniques to be
used with rotary drilling up to maybe 200 m. Whexrtetttion of conditions is required
beyond these distances then recourse should éghmade to surface drilling, which
will not provide continuous in-seam information,tormore remote sensing
techniques. The remote sensing techniques arealbgted to long hole exploration
drilling. The scenario of a long hole being drillidh a geosteering package
incorporating a torque and thrust sub and resigtpwiobe is not by any means
unachievable. If the hole were drilled using a bote pressurisation system then the
prospect remains to recover undegassed chips bfrooawhich gas content,
sorption pressure and particle size exists.

Whilst not explicitly referred to above the prospalevays exists to take lump coal
from the back of the miner sieve it to a reasonablyrse fraction and desorb it for a
long enough period to determine the diffusion doeffit and initial gas content. The
fact that a range of particle sizes would be tad@gs not prevent analysis as
computational techniques exist to determine difinsiate with mixed particle size
distributions. While this technique does not prevahy long range protection it does
very effectively permit measurement of conditiohth@ face. This is important in the
respect that if coal is being cut that is gassg,been shown by drilling not to contain
geological structure but does not have a diffusioefficient high enough to pose any
risk then mining could be allowed to continue.

6.0 Conclusions

The basic focus of this report has been on examithia potential energy release from
outbursts. No attempt has been made to examin&uttgrieow this energy would be
expended in an outburst though quick calculatioasld/soon indicate that potential
energy releases of 0.5 MJ/of coal are very significant. According to the mbde
developed, the bulk of this energy comes from edpangas as opposed to strain
energy of the strata.

A model has been developed that looks at the ersrgyable from desorbing coal
particles. The critical components to this modet ar

= The gas content/pressure

= The diffusion coefficient

= The sorption isotherm

= The particle sizes being considered
= The potential size of an outburst
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The first two of these factors can be measuredubrent techniques supported by
improved observation assisted by some good matlesn@he sorption isotherm is
readily measured though it takes time to do amstiigect to variability of result. The
sorption isotherm is by its definition the sorpticmaracteristic of the coal at a fixed
temperature. Also important is the moisture contérthe coal wet coals absorb less
than dry coals. Methane is generally generate@epthe process of coalification.

It therefore displaces water and other gas in tleeastructure. Sorption isotherms are
measured by a reversible process which may nobnmeality in the field. This
warrants detailed examination and the subsequiamti@n of some standard but
correct approach to measurement methods.

That leaves the issue of particle size to be censd Particle size must be viewed as
the size of the particles that can be formed duamg@utburst. Determining this is the
subject of later recommendations. The potenti&@ sizan outburst may be determined
generally by the volume of the geological structina may be intersected.

The reader may note that | have generally steeseg &rom issues of gas drainage.
The reason for this is that in the energy modelvehconsidered the state of gas
pressure or content existing in a block of coa potential outburst site. Whether this
pressure is virgin or has been arrived at afteindgge has not been considered to be a
matter for this report though techniques to meapareeability and low drainage
have been discussed.

A huge amount of emphasis has been placed ingp@ton the theoretical
mathematics of diffusion from solids. While it Haesen noted that this seems to hold
for core desorption no rigorous testing of its aggilility to coals has been
undertaken. Such effects as that of moisture irséta@n on diffusion need to be
considered carefully.

In conclusion the relative figures of energy re¢ées one cubic metre of coal with a
gas pressure of 4.0 MPa, diffusion coefficientxf0-8 nf/s, a free pore space of 1%,
particle size of 1.0 mm, coal stress of 12 MPa, ngsuModulus of 2.0 GPa and
Poisson’s ratio of 0.3 are:

Strain Energy  0.16 MJfn
Free Gas 0.07 MJm
Desorbing Gas 0.50 MJ/m

Total Energy  0.73 MJfin

How this energy is expended in the failure is unknoA significant amount of the
strain energy is expected to be expended in brgakuthe coal though a lack of
knowledge on coal toughness prevents this fromgoestimated. Assuming all of this
energy were able to be expended in projecting tlaétben using the simple formula
for kinetic energy of

E =% MV
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Where M is the mass and V is the velocity

Then for a coal of density 1300 kg/mve would calculate a velocity of ejection of 33
m/s. Even if only 1/10th of the potential energyldobe converted into kinetic energy
then the velocity would be 10.6 m/s which is digjnificant.

Particle sizing is clearly extremely important e tcalculation of energy available
from diffusion.

7.0 Recommendations

7.1 Basis for Establishing the Likelihood of an Ou  tburst

That the industry changes from a one parameterune@aent (gas content or DRI
900) to one that is based on potential energy seledaking this happen is not
necessarily a major effort as many of the measun&srequired are already being
undertaken. To be able to make this change williregsome research though.

7.2 The Location of Structures Prone to Outbursting

The industry through ACARP has spent a small amotintoney on the partial
development of systems to detect outburst pronetstres. If the industry really

wants these to come to fruition it will need tospea lot more both on their
laboratory development but particularly on thegtitgg in the field. These systems are
principally associated with drilling and are debed in Section 5.

7.3 Research Needs

From an energy release viewpoint the prime neeglsoarerify the diffusional
characteristics of coal so that the model presecdade used with confidence or be
amended to take account of different behaviours Tésting of the diffusional
behaviour should specifically take into accounteffects of moisture.

Determining the size of the particles that maydyened in an outburst is also an
important research need. If small particles (least3 mm diameter) are not formed
then the energy release is greatly diminished. 8agpf gouge material from
potential outburst sites in various coal seams sig@thke place. This material needs
to be subjected to some form of mechanical breai@mgee what size particles it will
readily break down to. Such a test could be by birgassing the coal up fully and
then suddenly dropping the gas pressure. Any ssitshould be accompanied by the
measurement of the gas release rate.

Determining whether outbursts will occur from satohl also requires the assessment
of what particle size may form. This requires satatiled thought but a test whereby
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the coal is fully sorbed with gas, stressed to feghurre, and then the gas pressure is
suddenly dropped is envisaged. This is shown schieaiig in Figure 27.

Axial Load Axial Load

v

N -
Gas Pressure, Gas Pressure | # ‘
P Released
'
Fully Gassed Does the Core

Core Fragment?

Figure 27: Proposed test for outburst proneness isolid coal

There is a need to arrive at a threshold energyasel which should be considered to
constitute an outburst. This should probably bevedrat theoretically, by comparison
with energy release from explosives and by assegsofievhat has happened in real
outbursts.

The topic of techniques to detect outburst pronectires has been previously
discussed in section 5.

In the current booming economic climate persuag@iegple to actually do the
research will be difficult and will cost money. Therk proposed requires good
professionals and real effort. These people camaéot more using the knowledge
that they have rather than in undertaking research.

8.0 Concerns

| am pleased to have presented here, somethingnnpabecome the basis of a new
approach to determining whether an outburst mightio | can therefore see the
prospect of (financially) interested parties figigtiover the development of an
Australian Standard embodying the findings of tieigort and any further research.
Once an Australian Standard has been arrivedatd b worrying vision of it being
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applied rigidly so that someone ticks a box andsdas think. Such an approach is
wrong. It will lead to incorrect estimations ofkiand may kill someone. There will
always be a need for insight beyond any standapdamedure as geological
conditions are infinitely variable.
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