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Abstract: It is traditionally believed that the use of high-performance mining equipment in collieries leads not only to
increasing productivity of the enterprise, but also to significant increasing release of methane into the mine air. Based
on this, the existing regulatory and methodological support for calculations allowed predicting the rate of methane re-
lease into the mine air and determining the required operating modes of the ventilation system to ensure mining safety.
The task of this study is to investigate in practice the laws of met release as a function of the productivity of mining
equipment and to identify phenomena that affect the nature of th s. Based on the data of air gas monitoring, the
results of statistical study of methane release in 101 workin 33 collieries of Kuzbass are presented. In 76
working faces, parabolic law of the dependence of the me @xe onthe uctivity of mining equipment, having
peak points in relation to the rate of advance and produ the shearet%stablished with high confidence.
nt

Using the law of A. Darcy and the equation of sorption ¢f®. muir, it h retically established that methane
release from loose coal is a function inversely prop wto the linggr hyp ic dependence, and also has a peak
point in relation to the rate of advance and produ%f the shear of the established dependence of the
rate of methane release from the loose coal shoy{® thathe metha | nificantly (quadratically) decreases with
decreasing the rotational speed of the cutti d the numbeX ofgutters in the cutting line or the number of blades

jricreases wigh increayfg formation thickness and the shearer cutting

on the drum. Methane release also quadrati
width. The extreme dependence of the r@ ethane re frongloose coal forms two areas of allowable rate of
factor.

advance and productivity of the s b

Keywords: mine, coal seam, met lease, methan%ntration, statistical analysis, permissible performance
of working face, gas content, shearer’rate of ad fr@tional yield.

to the calculation of methane release rate in high- rmance working faces of Kuzbass. Gornye nauki i tekhnologii =

For citation: Ordin A. A., Timoshenko A. M.% . V. About the necessity for changing the methodical approach
Mining Science and Technology (Russia). 2020;5(2y/82-91. (In Russ.). DOI: 10.17073/2500-0632-2020-2-82-91.

PROCESS SAFETY IN MINING AND PROCESSING INDUSTRY

AND ENVIRONMENTAL PROTECTION




ISSN 2500-0632 (ON-LINE)

| % MINING SCIENCE MISIS
AND TECHNOLOGY (RUSSIA) 2020;5(2):82-91

National University of

GORNYE NAUKI | TEHNOLOGII Science and Technology

O Heo0X0AUMOCTH U3MEHEHUS METOINYECKOr0 MoaX0/1a
K pacueTy 1e0UTa MeTaAHA B BICOKONIPOU3BOANTEIbHBIX
ouncTHBIX 320051x Ky30acca

Opaun A. A.13, Tumomenxo A. M., Borsenko JI. B.*

lI/IHCTI/ITyT ropHoro gaenma uM. H. A. Ywumnakana, Cubupckoe otaencHue Poccuiickoli akaJeMuu Hayk,
r. HoBocubupck, Poccus, BEordin@misd.ru;

2IHCTUTYT  BBIYMCIMTENBHBIX — TexHojorud, Cubupckoe otaenenne Poccuiickod — akaaeMuu — Hayk,
r. HoBocubupck, Poccws;

%000 «Hayuno - npoekthslii nentp BoctHUW», r. KemepoBo, Poccus;

*Akionepuoe o0mectso «Hayunbiii ientp BocTHUW 1o NpOMBIILIEHHON B 9KOJIOTHYECKON GE30TacHOCTH B
ropHoi orpaciu», r. Kemeporo, Poccus

AnnoTtaumst: TpaJUIMOHHO CUMTACTCS, YTO HCIIOIB30BAHHE BHICOKOIPOM3BOIUTEILHOTO JOOBIYHOTO 000PY/I0BAHHSI
Ha YTOJIbHBIX [IIaXTaX MPUBOAUT HE TOJBKO K YBEIMYCHHUIO TPOM3BOANTEIBHOCTH MPEIPHUSITHS, HO M K 3HAYUTSIIEHOMY
TIOBBIIICHUIO BBIJICJICHHSI METaHa B PYIHUYHYIO atMochepy. FIcXois u3 3Toro CyIecTByoIee HOpMaTHBHO-METO,TH-
YecKoe 00ECTICUCHHE IS pacueTa MO3BOJISUIO IIPOrHO3UPOBATh ACOUT METaHa B PYAHHYHYIO aTMOChEpyY 1 ONPEICIIsTh
HE0OXOMMBIE PEKUMBI Pa0OTHI CHCTEMBI ITPOBETPUBAHUS JIsl oOecriedeHrst 6€30MacHOCTH TOPHBIX padoT. B padote
MOCTABJICHA 3a/1a4a KCCIIEI0BATh Ha TIPAKTUKE 3aKOHOMEPH METaHOBBIJICJICHHSI OT MPOM3BOAUTEIIBHOCTH I00bIY-
HOU TEXHHKH U BbISIBUTD SIBJICHHS, BIHUSIONINE HA XapaKkTep 3 oHOMepHoOCTel. Ha OCHOBaHMHU TaHHBIX CPEICTB
a’pOraz0BOro KOHTPOJISI MPUBEICHBI PE3YJIbTAThI CTATUCTH ccreZjoBaHUsIMeTaHoBbIIeNeHrs B 101 ouncTHOM
3a00e 33 maxt Kyz6acca. C BBICOKOI CTENEHBIO JJ0C OBQ%I/I B 76 o4 BIX 32005X YCTAHOBJICHBI MTapabosmye-
CKHE 3aBHCHMOCTH METaHOBBIJICICHUSI OT npon:sBoum U JT00BIYH UK, UMEIOLINE TOYKH MaKCHMyMa
OTHOCHUTEJIFHO CKOPOCTH MOJa4H M IPOU3BOTUTEITH CTHOTO itna, (J nicrionp3oBaHueM 3akoHa A. [lapcu
1 ypaBHeHus copOiuu U. JIenrmropa TeopeTquClem{OBneHo, yToWme bIJICJICHUE U3 OTOUTOT'O YIJIs SBJISCTCS

¢dyHKIMEH, 00paTHO MPOMOPIMOHATIBHON JIHH niepOonmue aBPCHMOCTH, a TaKKe UMEET TOUKY MaKCH-
MyMa OTHOCHTEIEHO CKOPOCTH TIOJJa4H 1 MPJi3B CITBHOCTY @Y KoMOaiiHa. AHaIN3 yCTaHOBJICHHOI 3aBU-
CHMOCTH JIcONTa MeTaHa U3 OTOUTOro a3bIBACT, YTO OBBIJICTICHHE 3HAUYUTENHHO, B KBAIPAaTUIECKOM 3a-
BHUCHUMOCTH, CHIDKASTCSI IPH YMCHBIIIE yaoloThl BpaljeHus id¥a M KOJIMYECTBA PE3LOB B JIMHUH PE3aHUS WIH
KOJIMYECTBA JIonacTeil Ha mHeke. Me eJICHHE T B KR@/IPATUYECKOI 3aBUCHMOCTH PACTeT C yBEIMYCHHEM

MOIITHOCTH IIaCTa U IMAPHUHBI Ba’ OatiHa. Dkc¥pe bHas1 3aBUCHUMOCTb ,E[eGI/ITa METaHa U3 OTOUTOro yrisa
q)opMpreT JIBE ooacT pi (o) @: AHAUCHUI C% noaavyuv 1 Mporn3BOAUTEILHOCTH OUMCTHOI'O KomOaiiHa o

ra3oBoMy (akTopy.

KiroueBble ciioBa: maxTa, yFOHBHLIﬁ miac I-8BLI,Z[€J'I€HI/IG, KOHOCHTpAalud MCTAHA, CTAaTUCTHYECCKHUI aHa-

JM3, I0IyCKaeMasi POU3BOJUTEILHOCT CTHQFO 320051, Ta30BBIH (haKTOP, CKOPOCTH MOAAYN KOMOaitHa, BEIXO]
¢dpakuuii.

Jas murupoBanus: OpauH A. A., Tumomnenko A. M., borBerko JI. B. O He0oOX0quMOCTH U3MEHEHHSI METO/IH-

Y4ECKOro MOJX0JIa K pacyeTy Jiebrra MeTaHa B BEICOKOIPOU3BOAUTENBHBIX OUMCTHBIX 3a00s1x Kysbacca. Iopusle
nayku u mexnonocuu. 2020;5(2):82-91. DOI: 10.17073/2500-0632-2020-2-82-91.

Introduction. productivity exceeds 50 kt of coal per day. In Au-

Modern imported shearers used in Kuzbass
collieries are equipped with high-power electric
drives and have significant productivity and feed
speed. For example, Eickhoff SL-900 shearer
weighing 90 tons, used at Named after V.D.
Yalevsky colliery, has total power of cutting and
feed drives electric motors of 2104 kW. The
shearer feed speed reaches 48 m/min, and the

gust 2018, at the Named after V.D. Yalevsky col-
liery, in longwall 5004 400 m long while extract-
ing a seam 3.8 m long, world record in coal pro-
duction was achieved, 1627 kt.

However, at the same time, the operation
of modern auger shearers, scraper conveyors,
and crushers in the production faces leads to
overgrinding of coal. Under the conditions of
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Kostromovskaya colliery, 69.1 % of coal is pro-
duced in grain sizes "culm" (0—6 mm) and "flax-
seed coal" (613 mm). The similar picture of pre-
vailing fine coal fractions yield is present at
many other mines. This leads to a number of neg-
ative consequences: decreasing rank and, corre-
spondingly, wholesale price of coal, as well as
increasing yield of dust fractions and methane re-
lease from the loose coal in production faces.

Patterns of the methane release intensity
depending on productivity of mining equip-
ment at coal mines.

One of effective ways for reducing me-
thane release in production faces is increasing
productivity of auger shearers. Decreasing me-
thane release from loose coal at high perfor-
mance of a shearer was first recorded by specials
ists of Scientific Center "VostNII" in 2010@
air and gas monitoring devices at "Tagarysw
"Kotinskaya", "Taldinskaya-Zapadna a%) ier-
ies [1]. The essence of this :«@ anon | that,

ance with the estimates based on the a
instructions and methods [2-4], and then, after

40,00

Science and Technology

reaching a certain maximum rate of methane re-
lease, at further increasing the shearer productiv-
ity, methane release decreases. Given high
productivity of a shearer (20-30 ktpd or more),
there is a significant discrepancy between the ac-
tual release of methane in the production faces
and the estimated release [1]. For example, at
Kotinskaya colliery, the discrepancy between the
estimated and actual (obtained by means of air-
gas monitoring) methane release data at the pro-
duction face is more than 5 times at coal produc-
tivilgof 30 ktpd, whereas at the productivity of
37 he estimated methane release exceeds
ual one iz more than 15 times (Fig. 1)!
This pheho®yon contradicts the approved
instructionw nd requires more complete
theoret%ﬂ atistical investigation.
S n the information obtained by de-
ices Ooylir-gas monitoring, the authors con-
ted statistical analysis of the actual methane

Qe)le se in 101 production faces of 33 Kuzbass

speed an
productivity, in the initial period methane rele%
from the loose coal increases, almost in -

llieries. The analysis allowed determining,

@® with high confidence, based on 76 production
faces data, parabolic dependencies of methane
release rate on the shearer productivity, demon-

strating peak points (Table 1, Fig. 2).
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Fig. 1. Theoretical methane release curve in accordance with applicable instructions
and the factual methane release rate in production face 5203 of the Kotinskaya colliery
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The tendency to decreasing methane re-
lease from loose coal is individual for each seam
and production face. For example, for the S. M.
Kirov colliery, when extracting the Boldyrevsky
seam, the decrease in methane release starts at
the productivity of 6 ktpd for production face No.
24-40, 10 ktpd for production face No. 24-45,
and 11 ktpd for production face No. 24-57.

Thus, the statistical analysis conducted for
76 production faces confirms with high confi-
dence the trend of decreasing absolute methane
release from loose coal at high productivity of a
face.

Substantiation of methane release inten-
sity models for collieries. Experimental find-
ings and their discussion.

QW) = 180vmrk,(P—P,) Zk: B; (;/) _ 180v
o R
where k is the number of loose coal $§; Vv
is the shearer feed speed, m/min; seam
thickness, m; r is the shearer e idth, m;
k1 is the coal permeability € t; P, Paar
the pore pressure of the gas insidé the coal L o
cle and atmospheric pressure in the fa 3 re-

spectively; p is absolute viscosity of theé m
along the methane filtration path, Pa's; Bi(v) is
the dependence of the i-th fraction yield on the
shearer speed, %; Rj is the average particle radius
of the i-th loose coal fraction, m; aj, b; are the
coefficients of the linear dependences of the
yield of fractions on the shearer feed speed,
c, d are the coefficients of the parabolic depend-
ence of the total methane release rate on all the
coal fractions yield.

Thus, based on the statistical analysis of
air-gas monitoring data for 76 Kuzbass produc-
tion faces and taking into account the statistical
data on the yield of different coal size fractions,
the parabolic dependence of methane release
from the loose coal on the shearer feed speed and
productivity, with a peak value, was established.

b3
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A theoretical explanation of the decrease in
methane release from loose coal at high shearer
productivity was given by the authors in [6, 7].
The essence of this phenomenon is that increas-
ing the shearer feed speed and productivity re-
sults in changing the loose coal fractional com-
position. Namely, the yield of fine fractions de-
creases, whereas the yield of coarse fractions in-
creases. The dependences of the yield of size
fractions on the feed speed on the basis of the
statistical data [5] are linear, and the total me-

ane release rate from all fractions of the loose
accordance with Darcy’s law is deter-

d in this case by parabolic dependence on

e shearer eed:

gl i -1 2
80mrkpu (P-P)(—cv"+d), (1)

ilar parabolic dependences were ob-

taingd in [8] on the basis of the statistical analy-

\s of operation of production faces at the Mine
named after A.F. Zasyadko in Donbass.

It should be noted that all the parabolic de-
pendences of the methane release on the shearer
productivity were obtained using statistical
methods and, despite the rather high regression
confidence, still do not reveal the physics of this
phenomenon.

The statistics do not explain the physical
process of reducing methane release at high
shearer feed speed and productivity.

A theoretical explanation of this effect was
given by the authors in [7], in which, based on
Darcy law and Langmuir sorption equation, as
well as on the relationship between the feed
speed and the chip thickness and the auger (cut-
ting drum) rotation speed, extremum (having
peak points) dependences of the methane release
on the shearer feed speed (v) and productivity (A)
were derived:
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720mrk, (0.9X (1+bP, )—abP,)

V)= , m®/min,
QLv) b(a—09X v h 0.25h§
H ' (mnn, )2 mnn, v )
Q(A)= g+ 720k, (0.9X (1+bP,)—abP, ). m?/min,

A

ub(a—o.gx)[

where a, b are Langmuir isotherm constants, de-
termined for coal based on [10]: a = 49.3 m/t,
b=0.207-10"° 1/Pa; n is auger rotation frequency,
min~t; n1 is the number of cutters on the auger

Regression dependences of methane
on the productivi

y(mrrnn, )?

h, o.zsyhjj
mrznn, A

blades in one cutting line; hp is the distance be-
tween the cutters on the auger blades; X is the
coal natural methane content, m/t; L is the face
length, m; g — methane release rate from coal

am, m®/min; y — coal mass density, t/m3.
Table 1

Q, m¥/min) from the loose coal
y) of a she

No. | Production Regressional dependence RegreSsio Populati | Standar | Coefficient of
face co, ent, R on size d relationship
deviatio reliability,
n, ¢ k=R/6>3
1 24-40 Q=-1-107A?+0.0 . 13 0.017 58.26
2 24-45 Q=-310%A2+0.0 ' 0.92 20 0.036 5.62
3 24-57 0.91 14 0.048 18.82
4 24-59 0.83 25 0.062 13.40
5 25-85 0.94 20 0.025 38.35
6 25-86 0.95 18 0.024 40.25
ieTy, Polysaevsky-1 seam
7 | 904 | Q=-2-10"%A?+0.000 632/ | 074 | 08 | 16 [ 0068 | 13.23
esauldkaya Colliery, seam 26a
8 26-30 Q=-1.5-10"A% + 0.0015A @0.64 0.8 0.89 11 0.06 14.83
9 26-18 Q=-3-10%A?+0.001A + 1.341 0.8 0.89 10 0.063 14.14
Abashevskaya Colliery, seam 64
10 | 64-204 | Q=-1.56:10"7A2+0.0012A+061 [ 074 | 08 | 13 | 0072 | 1193
Taldinskaya-Zapadnaya Colliery, seam 67
11 | 67-04 | Q=-1107A2+0.0017A+045 [ 085 | 092 | 15 | 0.039 | 238
Kotinskaya Colliery, seam 52
12 5203 Q=-7-10"°A?+ 0.0003A + 3.02 0.17 0.41 52 0.115 3.6
13 5209 Q=-1-108A2+ 0.0008A + 6.02 0.59 0.77 49 0.059 13.1
Named after V.D. Yalevsky colliery, seam 52
14 | 5210 | Q=-7-10°A?+0.0005A+164 | 063 [ 079 | 41 | 0058 | 1374
Named after 7 November Colliery, Baikaimsky seam
15 | 1380 | Q=-3-10°%A2+0.0007A+097 | 054 [ 073 | 26 | 009 | 815
Taldinskaya-Zapadnaya Colliery, seam 70
16 70-06 Q =-7-10°A%? + 0.0002A + 0.97 0.49 0.7 31 0.092 7.64
Raspadskaya Colliery, seam 10
76 | 4-1029 | Q=-3-10°A?+0.001A + 1.64 | 093 | 09 | 26 [ 0014 | 70.25
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Fig. 2. Actual data and regression dependences of absolute methane release on the working face performance at the
MUK-96, Kolmogorovskaya-2, Oktyabrskaya, Yubileynaya, Kostromovskaya collieries
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Analysis of dependences (2) shows that
methane release from loose coal demonstrates
inversely proportional linear-hyperbolic depend-
ence on the shearer feed speed and productivity,
having a peak point (Fig. 3). As can be seen in
Fig. 3, this theoretical methane release curve (2)
describes well the data on the actual methane re-
lease in the face and differs significantly from
the normative dependence shown in Fig. 1. Me-
thane release from loose coal significantly
(quadratically) decreases with decreasing the ro-
tational speed of the auger (cutting drum) and the
number of cutters in the cutting line or the num-
ber of blades on the auger (drum). Methane re-
lease also quadratically increases with increasing
seam thickness and the shearer cutting width.

thane release rate maximum point, the met

ogy for estimating permissible product% r-
formance) of a production face b ctor
should be changed. Accordin &ing in-
structions [2-4], the value o axXimum per-
missible productivity (Amax) Of & face is 8li-

Science and Technology

0.6v,,,,Sk,,C
KoKy (@ =0 JK
where Vmax = 4 m/s is the maximum air stream
speed in a face allowed by the safety rules [11];
S is the inner cross-sectional area, m?

A<A ., = , t/min, (3)

Koz = 1.05 = 1.30 is the coefficient taking into ac-
count air leaks into the mined-out space; ¢ =1 %
is the permissible concentration of methane in the
return ventilation air from a longwall according to
the Safety Rules; q, go are the natural and residual
methane content of coal, m®/t, respectively;
is the coefficient taking into account
natural moisture and ash content; ke is the

cient of patural coal mass outgassing in a
arer cut.
e

In connection with the existence of a »
0

mated by the formula: w

As een in Fig. 4, the extremum
functi ane concentration forms an area
of ble values of the shearer feed speed
and p ctivity:

. Vmin <V< Vmax;
Amin <A< Anax’ (4)
e
v
‘Q»
e
Tle o

12
c
£10
o
s i
g 6 /
s |/
@4
|
v 2
=

0 @

0 5 10 15

Coal production, ktpd
4 Actual methane release
- 1 heoretical methane release

25 30 35 40

Fig. 3. Theoretical dependence (2) and actual methane release in longwall 5203 of the Kotinskaya colliery
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Fig. 4. Dependencies of methane concentration in upcast in lo

on shearer rate of advance for shutt
and, correspondingly, the area of the permissible
shearer feed speed and productivity by gas fact
is determined by meeting one of two conditj b
depending on the shearer capacity: é%

A<AninVA>Anax’ Q(S)
Where Vmin, Vmax, Amin, Amax are the y Val'
ues of the shearer feed spe d ' ductivit

based on the gas factor.
In particular, for longwall 5005

<%60
Named after V.D. Yalevsky colliws
re

boundary values for the shuttle PFS -
lows (Fig. 4):
Vmin = 4.8 M/MuH, Vmax = 14.0 m/mMuH;

Anmin = 19.5 t/muH, Amax = 57 1/™MuH.
At the Named after V.D. Yalevsky col-

liery, the option of the maximum permissible
performance (productivity) of the production
face was implemented, and the extraction panel
of seam 50 was extracted at the shearer SL-900
speed exceeding 14 m/min and daily perfor-
mance of more than 50 ktpd.

It is obvious that the process safety of the
entire coal mining enterprise will depend on me-
thane release regimes. A significant number of
studies are devoted to this issue in Russia and
abroad, but solving the problems of process
safety always requires reliable methane release

005 of the Named after V. D. Yalevsky colliery
ched process flow sheets

| based on the process parame-

ters of nad %raﬂons [10-20].
C%ons
% n the statistical analysis of air-gas
[

data for 76 Kuzbass production
e parabolic dependence, having a peak
pogt, of methane release from the loose coal on
shearer feed speed and productivity was estab-
lished with high confidence.

A theoretical explanation of the effect of
reducing methane release from loose coal at a
high productivity of the shearer is that increasing
the shearer feed speed and productivity results in
changing the loose coal fractional composition,
namely, the yield of fine fractions decreases
whereas the yield of coarse fractions increases.

It was theoretically established using
Darcy’s law and Langmuir sorption equation that
methane release from loose coal demonstrates
inversely proportional linear-hyperbolic depend-
ence on the shearer feed speed and productivity,
having a peak point.

Analysis of the established dependence of
the rate of methane release from the loose coal
shows that the methane release significantly
(quadratically) decreases with decreasing the au-
ger (cutting drum) rotational speed and the num-
ber of cutters in the cutting line, or the number
of blades on the auger (drum). Methane release
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also quadratically increases with increasing seam
thickness and the shearer cutting width.

The extremum dependence of the rate of
methane release from loose coal forms two areas
of permissible shearer feed speed and productiv-
ity by gas factor.

Thus, it is necessary to revise the existing
methodological approaches to estimating me-
thane release in high-performance production
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