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Abstract
Introduction. Gas control and aerological safety of high-performance coal mining in mining faces is
possible only after qualitative preliminary degasification, which requires a detailed study of methane
mass transfer in well influence zone.
Research aims to simulate the processes of methane mass transfer to well’s exposed surface based on
coal mass gas-dynamic state detailed study, taking into account the variable values of gas content along
its length and unit segments exposure time. The summation of gas volumes released from each well
segment in a definite time will characterize the total flow rate of a well for the same period. This allows
a more soundly based design of coal seams preliminary degasification.
Methodology. Modern methods of coal seam degasification design do not take into account differentiated
gas emission over the length of the well only using its total flow rate. However, the structure of total flow
rate of gas into the well reveals the unevenness of initial gas emission from each unit segment depending
on its distance from the wellhead; it creates general unevenness of gas yield over the length of the well
until it enters the zone of steady gas pressure and gas content. The present article proposes a mathematical
simulation method for a complex gas-dynamic process of methane mass transfer in the radial filtration
mode within a circular power loop in a massif and a similar flow path in a well.
Results. The proposed method will make it possible to calculate the total flow rate of gas from coal seam
near-wellbore zone and thereupon determine its residual gas content as well as develop the methods of
coal seam degasification design.

Key words: well; coal seam; gas flow rate; gas permeability; gas pressure; gas content; radius
of influence, filtration.

Introduction. At the present time coal seams preliminary degasification prior to
mining is the only way to ensure normal air-gas condition of coal mines. It makes it
possible to maintain permissible concentration of methane, allowed by Safety
Regulations, in the outcoming jets of working and development faces equal to 1% by
means of reduce gas emission out of the mined seam and its leaders.

It should be noted that in the process of coal bearing strata formation, the associate
methane has been creating continuous chemical binding with coal by mean of sorption;
as a result, the volume of gas sorbed by one ton of coal has been growing continuously
with the growth of pressure. As a result, today, natural gas content in coal seams is a
few tens of cubic meters per ton of coal. In particular, in Kuzbass at the attained depths
this value may reach 20-30 m3/t. At the same time, in accordance with RF Government
Decree no. 315 of 35 April 2011 “On the Permissible Levels of Hazardous Gas
(Methane) Content in a Mine, Coal Seams and Goaf, Requiring Obligatory
Degasification if Exceeded” a coal seam can be mined if natural gas content is
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reduced to 13 m3/t. This standard obliges almost all Kuzbass mines to fulfill preliminary
degasification by wells of various orientations in coal massifs.

A well creates internal exposed surface in a massif through which gas yields from
the seam over the whole surface of a well as a fissure filtration by means of different
pressures in a well and in a massif. Numerous observations at wells in various mining
and geological conditions of Kuzbass make it possible to obtain a typical curve of
methane flow rate as a function of time (fig. 1) [1-3].

Taking into account different time of exposure for various segments of a well at
drilling, it can be stated that total methane flow rate into the well represents the sum of
gas volumes escaped from the unit segments of its length which increase as far as they
intrude into the massif (¢,, g, ... g;) and become stable at entrance to the zone of the
established natural gas content (¢, ). However, these components cannot be identified
at the total flow rate of gas metered at the wellhead, for that reason it is necessary to use
the method of mathematical simulation [4].
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Fig. 1. Typical gas flow rate into the well (OACD) and its components (g1, g5 ... ¢i> Gmax)
Puc. 1. TunoBas kpuBas neduta raza B ckBaxuny (OACD) u ee cocTaBisrontie (¢i, 4z --- Gi> Gmax)

As it has been mentioned before, the factor which initiates gas motion in a coal seam
is the difference of pressures at the power loop and flow path represented by the internal
surface of a well. Fig. 2 shows the character of gas pressure and its gradients variation
in near-well-ore zone of a massif in various time points.

Gas will escape into the well until the balance between the pressure gradient and
massif’s resistance to gas motion is set. This distance can be considered the limiting
radius of well influence, formed under ¢ = oo [5].

As soon as pressure gradient in radial direction from the axis of a well is the main
initiator of filtration flow of gas towards the well, the speed of its filtration in a massif,
m/s, can be calculated with Darcy’s formula [6—8]:

kd,
T’Z_Ed_lj’ (1)

where k — the coefficient of coal gas permeability, m?; p — methane kinematic viscosity,
Pa - s; dp/dl — pressure gradient, Pa/m.
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At that it should be taken into account that pressure gradients at various segments of
a well are not the same and are formed depending on the pressure which has formed in
the given area of the massif near the mine working, from which the well is drilled.
Thus, gas pressure gradients along the axis of a well will be a variable value,
consequently, methane filtration speed changes as far as the depth of well increases.
All these factors make methane mass transfer more complex in the zone of well influence
which makes it impossible to study it by an experiment. The proposed mathematic
model will make it possible to obtain adequate reflection of the gas-dynamic processes
around the well, allowing to calculate the flow rate of gas as a function of its length,
drilling speed and the time of operation, with the purpose of further coal methane
utilization [9-11].
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Fig. 2. The change in gas pressure and its gradients in the near-wellbore zone
of the array at different time points
Puc. 2. M3MeHeHne ra30BOro AaBJIE€HUs U €r0 IPaJMeHTOB B PUCKBAXHHHON 30HE
MaccHBa B pa3HbIe MOMEHTHI BDEMEHU

Mathematical model development. As soon as the face of a well crosses the zones
of coal massif with various natural gas content in the process of drilling, its value in any
time point will be the function of time x = f{(¢), which will be equal to x, under 7 = 0,
and correspondingly, equal to x, under = T.

Then

x(T)zkt+xO,

where

k:xl_xo
T b
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or

X~ X
x=""""r+x,,
T

where T — the total time of drilling.
Gas flow rate as a function of time is described by the following expression

q(t)zjf(s)ds under 0 < s <. (1)

On condition that

we will get

wherez=T7T—1¢+s.
Then

F()=k(T—t+s)+x,=kz+k(T —t)+x,. (2)

Taking into account (2), expression (1) will be:

q(t)=|f(s)ds= (ks—i—k(T—t)—i—xO)ds. 3)

o t—
ot—

Having integrated expression (3), we will get

kt®
q=(kT+x0)t—7. (4)

Equation (4) describes the law of gas emission into the degassing well during the
process of drilling.

In real conditions of mine operation, at coal seams preliminary degassing, the factor
of time cannot always be an argument because the process of drilling can interrupt for
various reasons [12].

In this case it is reasonable to use the length of a well as an argument, which results
in the increase in its internal gas yielding surface area.

Having assumed that

_ Bt . _ BT
Xo = 4p€" 5 X, =4,€

we will get

BT =InL,
Xo
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or
Inx, —Inx,

b=—"7

Gas flow rate, described as a function of well length, and, consequently, the area of
its internal surface, can be described by the following function

q(t) = [ £ (s)ds, (5)

where T'(s)=f(T —t+s)=qge".
As soon as z = T — ¢ + s, then, substituting its value into formula (5), we will get

t

q(t)= J‘qoeﬁ(T_’)eB“'dS. (6)

0

Equation (6) describes the law of gas flow rate behaviour in a well in time. Having
integrated expression (6) in time within the preset limits, we will obtain the total value
of capped methane for a certain period. This, in its turn, can be a basis for the
determination of a required number of wells at coal seam degasification, which will
provide the guaranteed reduction in natural gas content down to the preset values.

Conclusion. The proposed approach using the method of mathematical simulation
of a complex gas-dynamic process of methane mass transfer in mine workings and
wells makes it possible to develop the methods of coal seams degasification design.
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du3nyeckne acneKThbl Macconmepenoca Merala B 30HAX BJIUAHUSA CKBAKUH
npH aeras’sanvu yrojJdbHbIX IJ1ACTOB

IleBuenko JI. A.!, Tkauenko [I. A.!
b
! Ky36acckuii rocyqapcTBEHHbIN TeXHHUECKHiT yHIBepeuTeT, Kemeposo, Poccust.

Pegpepam
Beeoenue. Ynpasnenue cazosvioenenuem u obecnevenue aspoiocuteckoli 6e30nacHocmu npu 8b1IcOKONPo-
U3600UMeNbHOU 000bIUEe Yensi 6 OYUCHBIX 3A00AX B03MONCHO MOTLKO NOCTE KAYECBEHHO NPOBEOEHHON
npeosapumenvroil 0e2azayuu, Ol ue2o mpedyemcs OemaibHoe U3y4eHue MAcConepeHoca Memana 6 30He
BIUAHUSA CKBANCUM.
Lenv pabomur. Ha ocnose 0emanvHo20 u3ydeHus: 2a300UHAMUYECKO20 COCMOSHUS Y20IbHO20 MACCUBA
CMOOENUPO8AMyb NPOYECChl MACCONEPEHOCA MEMANA K OOHAMHCEHHOU NOBEPXHOCIU CKEANCUNDL C YYEmOom
nepemMeHHbIX 3HAUeHUll 2a30HOCHOCIU O ee ONUHE U 8peMeHY 0OHAadICeHUs eOuHUYHbIX ompe3kos. Cymmu-
PposaHue 06vemMo6 2a3a, 8bIOETUBUIE20CA C KANCO020 OMPE3KA CKBANCUHBL 3 OnpedeneHHoe epemsl, Gyoem
Xapaxkmepu3zoeams 00wull 0edum cK8adCuHvl 3a mom dice nepuod. dmo nozeonum doiee 0OOCHOBAHHO
oCyuecmenams NPOEKMuposanue npedsapumebHoll 0e2asayuu y20abHix Niacmos.
Memooonozun. Cospementivie Memoobl NPOEKMUPOSAHUsL 0e2a3ayull Y20lbHbIX NIACHO8 He YYUmuvleaiom
ouggepenyuposarnnoco 2azo8vioenenus no OuHe CK8AICUHbL, a onepupyiom ee obugum oebumom. Oonarko
6 cmpyKkmype 06we20 0ebuma 2aza 8 CKEANCUHY DUKCUPYEMCst HEPABHOMEPHOCHTb HAUATbHO20 2A308bl0e-
JIeHUsL € KAHCO020 eOUHUUHO20 OMPE3KA 8 3A8UCUMOCHIU O €20 PACCOAHUS O YCIbSL CKEANCUHDL, YMO
co30aem 6 Yeiom HepasHOMEPHOCb 2a300MAAYU NO OUHE CKBANCUHBL 00 MeX NOp, NOKA OHA He 8otidem
6 301y YCIMAHOBUBUIE20CA 2A308020 0ABIEHUsS U 2A30HOCHOCIU. B cmambe npednosicen Memoo mamema-
MUYECKO20 MOOETUPOBAHUSL CLONCHOLO 2A300UHAMUYECKO20 NPOYECCa MACCONEPEHOCA MEMAHA 8 PelCUMe
PaouansHoll puabmpayu 6 npedenax Kpy2o8o20 KOHMypa NUMaHus 6 Maccuee u aHaloeusHo20 KOHmypa
CMOKA 8 CKBANCUHE.
Pesynomameot. IIpeonosicennviti Memoo no360um paccyumamys oowull 0edum 2asa u3 nPucK8alcuHHouU
30HbL Y20NIbHO2O NIACMA U HA MO OCHO8E ONPedeuntb €20 OCMAMOUHYIO 2A30HOCHOCb, d MAKICe YCo-
BEPUIEHCME08ATNG MEMOOUKU NPOEKMUPOSAHUA 0e2a3ayUU Y2OIbHbIX NIACMOE.

Knrwouesvie cnosa: cxeasxicuna, y2onvhbviii niacm, 0ebum 2asa; ea30npoHUYaemMocmy, 2a3o8oe 0asieHue;
2A30HOCHOCMb; PAOUYC GIUAHUSA, DUTLMPAYUSL.
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