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Abstract
Introduction. Parameters and features of coal seams which experienced coal and gas outbursts are
actively studied to specify the mechanism and develop the methods of forecasting and preventing coal
and gas outbursts. OQutbursts emit from weak, crumpled coal members.
Research aims to investigate the influence of coal seam grains size on the development of coal and gas
outbursts with the account of possible modification of coal strength and filtration properties.
Methodology. Theoretical analysis of coal particles size and the size of incipient cracks influence on the
formation of coal and gas outbursts.
Theoretical part. The research has shown that with the reduction of coal particles average size, the flow
of gas which develops from the internal volume of coal into the free form increases, the coefficient of
permeability decreases; it leads to the growth of gas pressure gradient in the marginal zone. The size
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periods coal breaks up when a part of a massif is broken by the forces of rock pressure. The size of coal
particles influences the range of equilibrium conditions, under the violation of which coal and gas
outburst develops.
Results. Based upon the conditions of balance of a minute volume of coal with oriented cracks, the
criterion of coal and gas outbursts development has been formulated, it shows that with the reduction
of cracks size as a power function, the probability of coal and gas outbursts increases, when other
conditions remain constant.
Summary. The factor of coal and gas outbursts generation has been formulated, expressed in terms of
coal particles size to the power of 2.5 whereby the probability of outburst generation linearly increases
under the grow of coal seam gas content, methane diffusion ratio out of the internal chamber to the
surface of coal particles and under coal strength reduction.

Key words: gas-dynamic events; marginal zone; coal; methane; coal and gas outburst; cracks;
breakdown; size of grain; filtration.

Introduction. Three main factors determine the development of coal and gas
outbursts at the seam compartment: stresses redistribution in the marginal zone, strength
and physical-chemical properties of coal and gas pressure [1-5]. Despite rather evident
set, it is generally difficult to determine a definite critical value and quantitatively assess
the effect on the probability of coal and gas outbursts development for each of the
enumerated factors [6—10]. For example, gas factor can be expressed through coal seam
gas content and the original velocity of gas yield, each of these values influences the
size of the measured gas pressure in different ways [2, 6, 8, 10].

Currently used methods of forecasting and preventing coal and as outbursts allow
significantly reducing the probability of their manifestation, but do not fully prevent
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from the development of this hazardous gas-dynamic event. Modern researches are
oriented to the specification of the mechanism of coal and gas outburst as well as
determining the parameters appropriate for their forecast [2—8]. At the present time, for
the latest estimate of outburst hazard, the integrated criteria are being worked out,
which take into account the influence of several parameters characterizing mining and
geological conditions, stress-strain state and the sequence of coal seams mining.
An example of such criterion [6, 7] is the criterion developed by V. I. Murashev.
An approach proposed by V. N. Puzyrev [2] is also applied, which is based on the
monitoring of the original velocity of gas emission from the drilled well, as well as
the volume of rubble coming from every meter of a well when drilling an outburst-prone
member.

Research aim. The structure of coal occurring in the outburst-prone member is
called an earthy-grainy structure. The term agrees with the actual state of coal which
contributes to outbursts development [1-3]. Quantitative characteristics of granularity
are rarely used to estimate the aptitude of certain coal seam compartments to outbursts.
However the size of grains can influence both strength and gaseous properties of coal.
Coal aptitude to breakdown and the limit of deformations depend on the concentration
of the beginnings of cracks, the distance between the cracks and their size [11-16].
The space between the grains forms the filtration capacity of a coal seam, i. e. the capacity
accessible for free gas. The size of coal particles determines the total of coal solid,
accessible for gas absorption and adsorption [8, 9, 16—18]. The present work studies the
influence of coal seam grain size on the formation of coal and gas outbursts with
the account of possible modification of strength and filtration properties of coal.

Theoretical part. Based on the theory by S. A. Khristianovich [19-21], and in
correspondence with the developed model by V. I. Murashev [6—7], the gradient of gas
pressure is the impelling force (active force) of coal and gas outburst. The gradient of
gas pressure and the intensity of gas emission determine the magnitude of the impelling
forces contributing to coal breakdown, bringing a part of coal seam into a suspended
state and its travel across the mine working. Forces restraining the outburst are called
passive. Active forces F, are applied along the whole cross-section of face S, while
passive forces F act along the perimeter of coal seam P which borders upon the
enclosing rock, and partially within the seam. The magnitude of active and passive
forces is calculated for a unit thickness of a coal layer towards the inside of the mine
working:

F,=—S\ e

F, = 1P = (k, + otge)P, )
where OP/0z — the gradient of gas pressure; S — cross-sectional area of the mine
working; t — tangential stresses; P — the perimeter of a mine working. The limiting
value of tangential stresses along the perimeter of a coal seam according to Coulomb-
Mohr friction law can be expressed through the coefficient of cohesion k,, the value of
normal stresses o and the tangent of internal friction angle tgo: T, =k, + otge. Condition
F, 2 F determines the probability of coal and gas outburst, it is equivalent to the
following expression:

oP P
gl > (k, + ctg(p)g. 3)
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In (1), (3) coefficient A is equal to the ratio of the cross-sectional area of the seam
compartment under consideration, which the pressure gradient acts on, to the total area
of face projection. The given coefficient is connected to the porosity of a seam. The
obtained formula characterizes the macroscopic section of a marginal zone of a coal
seam where the gradient of rock and gas pressure is oriented along the axis of the mine
working from the face towards the inside of the coal seam. Linear dimensions, which
reveal perceptible change of coal seam stress state, are significantly larger than the
typical size of grains which make up the coal of the outburst-prone member, larger than
the size of the cracks and the distance between the cracks.

Coal and gas outburst originates in the marginal zone of a coal seam some distance
from the face, coal disintegrates according to the mechanism of laminar separation with
cracks propagation under the action of high gas pressure within the coal seam. The
condition similar to the macroscopic condition (3) of the equality of active and passive
forces can be applied to a separate crack as well [11, 12, 15]. The given proposition
implies that changing external conditions leading to the growth of one crack will cause
the growth of all the cracks, which are under similar conditions in the coal seam, at
once. The balance of a certain crack, where disruptive pressure P, acts, is disturbed
under the following condition:

Eg
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where E — Young’s modulus; v — Poisson ratio; g — Griffith’s parameter; L — half-width
of a crack. Formula (4) is written for a standard problem of crack propagation, P, — the
pressure which can be conditioned by the presence of gas inside the crack or the action
e AMGALMRLENAE CAESE MG & SR,

The state of a coal massif, which coal and gas outburst is possible from, is
characterized by the high concentration of cracks, so it is necessary to take into account
the interaction between the neighboring cracks. It has been shown earlier [15] that if
two cracks are situated opposite each other at a distance of a << 8L, then the condition
of cracks stability follows from the expression:

B> @— )

In the condition when the development of an outburst-prone situation is possible,
i. e. under high concentration of cracks, the average size of cracks is approximately equal
to the distance between the neighboring cracks L = a, it means that formulae (4) and (5)
are equivalent. In its turn, the value of the average distance between the focuses of
cracks is determined by the size of separate grains making up the massif. Assume the
typical size of particles is similar in size to the average distance between the planes of
cracks which, in its turn, is similar to the size of the developing cracks.

The forces, disrupting the crack, originate by means of the difference of gas pressure
in the neighboring cracks, which can be expressed through the gradient of gas pressure
and the average distance between the planes of the neighboring cracks:

in this basis the condition of cracks propagation (5) is reduced to the following:
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The smaller the distance between the cracks (6) and their size, the larger must be the
gradient of gas pressure, which ensures meeting the threshold of separate cracks growth.

The gradient of gas pressure is determined by the value of gas flow which filtrates
from the depth of the coal seam towards the free face. It depends on the seam pressure
and on gas reserve which is in some connection with the massif. The value of mass flow
G through the unit of surface area can be expressed through w — the filtration velocity
and p = PM/RT — gas density derived from Mendeleev-Clapeyron equation through the
parameters of gas condition — pressure P, temperature 7 and its molar mass M-

—GRT
p, =—G, mmbo P, = e (7)

Darcy’s law describes the connection between the filtration flow rate and gas
pressure gradient along the axis of the face:

KoP
S ®

where k, p — filtration coefficient and dynamic viscosity of gas correspondingly.
From (7), (8) we obtain the following expression for the gradient of gas pressure:

Bl G (9)
Oz pk

The highest value of gas pressure gradient in a seam is reached near the periphery
of the face, where gas density p is minimal. The size of coal fractions influences the
filtration coefficient and the rate of methane development into the gaseous phase, i. e.
gas flow rate. For earthy-grainy coal of outburst-prone members, the coefficient of
permeability & is expressed through the typical size of particles 7> which make up the
coal seam.

In correspondence with Cozeni-Karman model we can write:

32
"%

= 360(1 — m)2 :

(10)

where m — effective porosity of a seam; ¢ — Karman number which has meaning of a
coefficient of form; the value of ¢ for a close-packing of spheres is 5; porosity depends
on the form and the character of particles packing, but it doesn’t depend on the average
size of particles.

In order to estimate the influence of particles size on the flow of gas percolating in
the marginal zone, let us imagine that gas transfer from coal is determined by the rate
of methane molecules diffusion through the coal particles to pores and cracks volume.
The main part of methane in coal is in the dissolved state similar to the state of molecules
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within the micropores of coal. The first step towards methane molecules development
into the gaseous phase is solid diffusion. It is the slowest process that gas emission rate
depends on. The typical time ¢ of methane diffusion from the internal volume of

a particle with radius 7, to its surface can be associated with the coefficient of diffusion
D on the grounds of dimensions and conformity theory: Dt/r} =1, from which
t=r2/D.

Assume B — the mass of the liberating gas for a unit of coal volume ¥, kg/ m?>. Then
the flow of gas from one coal particle, kg/s, can be assessed as follows:

B 4
G, = — = —=nDpr,.
) == =5 7DBr,

The concentration of coal particles we will express in terms of their dimensions and

effective porosity as follows: n = 3(1—m) / 4nr; . In this case, gas flow of in coal unit
volume can be written as:

- 4D]3(12—m)_ (an

o

The total flow of gas percolating through the marginal zone of a coal seam is
proportional to the value which is determined by formula (11). Assume, parameter 8
has meaning of effective quantity of methane and includes the correction which
determines the share of methane which takes part in filtration flow. Under such set of
a problem. the gradient of gas pressure (9) is determined by an expression:

0P _ o L_p) DBr
62—720( 1) : (12)

4
m P

Results. For numerical estimate according to (12) let us accept the following values:
the coefficient of methane diffusion through coal solid D = 10-1> m?/s; the mass of gas
liberating from each cubic meter of coal, B = 10 kg/m?; methane viscosity under the
filtration flow p = 105 Pa - s; methane density in a seam near the face p = 1 kg/m’; coal
porosity m = 0.1. In order to estimate the threshold value of gas pressure gradient,
which causes the growth of cracks if exceeded, by formula (6), let us accept the value
of Young’s modulus E = 108 Pa, and Griffith’s parameter g = 1 N/m. The results of the
estimates are shown at fig. 1.

Fig. |1 schematizes two dependences of gas pressure gradient on coal particles sizes
(12) and on the size of cracks (6). Solid line indicates gas pressure gradient threshold
value (6), excess of which causes the loss of crack stability, and crack growth becomes
possible. In case the size is reduced, crack is difficult to disrupt, at the same time the
concentration of cracks in a seam increases, the distance between the planes of cracks
and the disruptive force, acting on every crack, decrease. Dashed line (fig. 1) indicates
gas pressure gradient which develops at gas filtration through coal in the marginal zone
(12). Particle size reduction increases the rate of methane development into the gaseous
phase, and at the same time, even under the constant porosity of a seam, filtration
channels cross-sections get narrow and filtration coefficient decreases, consequently,
gas pressure gradient in the marginal zone grows. The intersection point of solid and
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dashed lines at fig. 1 corresponds to the balance, and area to the left of this point
corresponds to the unstable condition wherein the destruction of a massif starts.

With particles size reduction, gas pressure gradient grows according to the rule /7,
and the threshold value of a pressure gradient, which is sufficient for rock massif
destruction, depends on the dimensions of cracks proportional to 1/a'%. As it has already
been said, cracks dimensions and the distance between the neighboring cracks are
commensurable with coal particles dimensions. For a medium with strong granularity,
cracks grow along the zones of weakening which mainly lie in the points of stronger
particles contact, as well as along the sections with air pockets. The focuses of cracks
beginning are usually the most weakened points of particles contact; that is why,
depending on the conditions, the size of cracks can exceed the size of particles by one
or two orders of magnitude. At the same time the point of balance at fig. 1 displaces
rightwards into the area of larger particles — low gradients of gas pressure.

grad(P), MPa/m
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Fig. 1. Threshold value of gas pressure gradient (6) compared to gas pressure
gradient (12) developing at filtration:

1 — dP/dz according to formula (12); 2 — dP/dz according to formula (6)
Puc. 1. [loporosoe 3Ha4eHHE IrpagHeHTa AaBieHHA ra3za (6), COMOCTaBISHHOE C
rPagueHTOM JaBjIeHHA ras3a (12), BO3HHKAOIIHM MPpH QHILTPALHH:
1 — dPldz no dbopmyne (12); 2 — dP/dz o dopmyne (6)

If we accept that a = r, as a threshold estimate, then from formulae (6) and (12) we
get the value of coal particles critical value, compared with the parameters of a seam:

3
72 3428(—1——1) BER- (13)
m pJEg

If the right part of inequality (13) is greater than the left part, then it corresponds to
the parameters of the coal seam which is coal and gas outburst-prone. The obtained
ratio has been formulated based on the balance of physically small volume of the coal
seam which contains growing cracks and is subject to the action of gas pressure gradient.
Numerical coefficient 428 has a guide value; it has been obtained with a range of
estimate values which were used to derive formula (12). However, the interconnection
between the values which determine the outburst hazard of a coal seam is reflected
reliable enough in formula (12). High coefficient of diffusion D, high concentration of

gas in a unit of volume B, as well as low strength of coal, expressed through Young’s

modulus and Griffith’s parameter . / Eg , increase the probability of coal and gas
outbursts. The main result lies in the fact that with the reduction of coal particles size,
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the probability of coal and gas outbursts grows as a power function. Thus, the smaller
the coal particles are, the higher the probability of coal and gas outbursts from the given
area is. The later statement has been made as a hypothesis of invariability of coal gas
bearing capacity and the coefficient of methane diffusion through coal.

Summary. In order to improve the methods of forecast and prevention of coal and gas
outbursts, it is necessary to study the mechanism of outbursts hazard situations
development and specify the properties of a coal seam which accompany coal and gas
outbursts. The dimensions of grains in a coal seam determine the average distance
between the beginnings of cracks and the dimensions of cracks in a state prior to outburst.

The speed growth has been determined of methane developmetn into the gaseous
phase and of filtration flow in the marginal zone due to the reduction of methane
diffusion to the surface of particles, which is conditioned by the reduction of particles
dimensions.

It has been shown that the reduction of an average size of coal particles and channels
radius along which gas is filtered under the constant value of coal porosity, leads to the
growth of gas pressure gradient in a coal seam.

The factor of coal and gas outbursts generation has been formulated, expressed in
terms of coal particles size to the power of 2.5 whereby the probability of outburst
generation linearly increases under the increase of coal seam gas content, methane
diffusion ratio out of the internal chamber to the surface of coal particles and under coal
strength reduction.
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(I)am%p BbIOPOCOONIACHOCTH 30H YIoJIbHBIX ILIACTOB,
00yCJIOBJICHHBIH KPYNHOCTBIO YaCTHII YIJIA

Cmupnos B. I}, Ipipaun B. B.!, Kam T. JL.!
! Ky36acckuil rocy1apCTBeHHBIH TEXHHYECKHI yHuBepcuTeT uMeHH T. @. ['opbaueBa, Kemeposo, Poccus.

Peghepam
Beeoenue. [lapamempel u ceoticmea y2onsHbiX NAACMO8, HA KOMOpbIX NPOU3OULTU 6HE3ANHBIE GbIOPOCHI
Yensa u 2asa, akmueHO UCCAEOYIOMCA C YeNbio YMOYHEHUS MEXAHUIMA U COBEPLUEHCMBOBAHUA Memodos
npo2HO3a U NPEOOMEPAL4EH U EHE3ANHBIX 8bIOPOCO8 y2na u 2a3a. Beibpoce: npoucxodam uz crabuix, nepe-
MAMBIX NAYEK VeIA.
Llens pabomut. Hccreoosanue 8nusHus KPYRHOCIMU 3€PeH Y2ONbHO20 NAACMA HA dopmuposanue enezantvix
8b16pOCO6 yeia U 2a3a C YHemoMm 603IMONCHOZ0 UIMEHEHUSA NPOYHOCINHBIX U @unempayuontvix ceoticme y2ns.
Memoouxa. Beinonnen meopemuyueckuti ananu3 6MUAHUA KDYNHOCTU YACMUY Y21A U pazmepa 3apoorcoaro-
WUXCA MPEWUH HA POPMUPOBAHUE BHE3ANHBIX 8LIOPOCOE Y2 U 2a34.
Teopemuueckaa uacme. B pabome nokazano, 4mo ¢ yMeHbueHUeM CPeOHe20 pasmepa wacmuy yais yee-
AUYUBAEMCA NOMOK 2a34, NEPEXOOAU€20 U3 BHYMPEHHEe20 00beMa Yans 8 C60000HYI0 hopmy, ymeHbuaem-
cA Koapuyuenm nponuyaemocmu, umo eedem K 603pACMAHUIO SPAOUCHMA 24306020 OAGTEHUA 8 Kpaeeou
3one. Pazmep wacmuy onpedensemcs ycrosuamu opmuposanus u 3aneeanus yaii. B omdersuvie zeono-
2uuecKue nepuodbl y2orb UIMEIbYAEMC NPU PAPYUWEHUU HACMU MACCUEA CULAMU 20PHOZ0 OQBIEHUA.
Pazmep wacmuy yana enusem Ha OUAna3oH PABHOBECHBIX YCL0EUL, NPU HAPYULEHUU Komopbuix pazeueaemcs
eHezanublil 8bIGPOC yens u 2asa.
Pesynemameot. Hcxoosn uz ycnoeuti pagnosecus Manozo oGwema yens ¢ OpUEHMUDOBAHHBIMU MPEUUHAMU
CHOPMYNUPOEAH KPUMEPUL 603HUKHOBEHUS 6HE3ANHBIX 8LIOPOCOS yens u 2a3a, KOMOpbill NOKA3bI8AEm, 4mo
C YMEHbUEHUEM pazmMepa Mmpewjur nO CMeNneHHOMY 3aKOHY 603DACMAEm EPOAMHOCb 803HUKHOGEHUS
BHE3ANHbIX 8LIOPOCOE YaNa U 2a3a NPU COXPAHEHUU NPOYUX YCIOBUL.
Boisoovt. Chopmynuposan hpakmop 603HUKHOSEHUA BHE3ANHBIX 8LIOPOCOS Yena u 2a3a, 6blPANCEHHBIN Ye-
pes pasmep wacmuy yena 6 cmenenu 2,5, 6 COOMEemcmsuu ¢ KOmopblmM 6epOSAMHOCTb GOPMUPOSaHU
6HE3ANHO20 8LIOPOCA NUHEUHO 603PACMAEM NPU YEENUYEHUU 2A30HOCHOCIMU Y20NbHO20 NAACMA, xo3ghpu-
yuenma Oup@ysuu MEMana us 6HympeHHe20 nPOCMPaHCmea K NOSePXHOCIY Y2ONbHbIX wacmuy, a maxkice
npu yMEeHbUEHUU NPOYHOCU Y2IA.

Kntoueswvie cnosa: zazodunamuueckue aenenus; Kpaeeas 30Ha; yzoib; MEman,; eHe3anHbLE 6bibpocel yens
U 2a3a; mpeujulbl; papyueHue, 3epHUCMocCmy, QuIbmpayus.
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