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Annotation. The results of main mining geological and technological factors interrelation affecting the safety of
methane-air mixture transportation in the extraction of coal deposits are shown in article. The calculation of the pipeline
diameter and the choice of a vacuum pump for capturing methane-air mixture from underground wells in a real mine is
presented. The transportation safety conditions of methane-air mixture are presented. The influence of the methane-air
mixture parameters on the safety of the degassing system is considered using the data of the MM "Sukhodolskoye-
Vostochnoye", where the gas mixture is transported through degassing pipes which laid in the mine workings and is
carried out due to the operation of the vacuum pump. The interrelation between mining geological and technological
factors that affect at the safety of methane-air mixture transportation using regression analysis is established. The
analysis took into account precisely regulated factors. They include: the flow rate of the methane-air mixture in the
division, the length of the gas pipeline in the extraction division, the atmospheric pressure in the mine, the depth of the
working, the density of the methane-air mixture and the diameter of the pipeline. When determining the interrelation
between the main factors affecting the safety of transportation of methane-air mixture, it was found that the maximum
impact is exerted by the consumption factor of the methane-air mixture at the starting point of the gas pipeline. As a
result, linear multiple regression was obtained, which made it possible to establish the effect of the methane-air mixture
flow at the starting point of the gas pipeline on safe conditions for its transportation. The resulting model of value
calculation corresponds to the original data of value original and is described with an accuracy of 95 %.The obtained
results make it possible to predict changes in the safe transporting conditions of methane-air mixture and subsequently
manage them when the methane consumption from the boreholes changes with the aim of uninterrupted and trouble-
free operation of the degassing gas pipeline.

Keywords: methane emission, methane-air mixture, gas pipeline diameter, mining and geological factors,
development of coal deposits, regression model.

Introduction. There is a shortage of gaseous energy carriers, which is caused by
the limited nature of their reserves and the substance volumes lag of the consumption
volumes production in the fuel and energy complex of Ukraine. The intensive
technologies development of mining enterprises, an uprating of mechanized
excavation harvesters and planes increase the load on the working faces, and the
development of mineral resources is conducted in increasingly complex mining and
geological conditions. The gas factor is the main reason for limiting the extraction of
district production. In the conditions of mines with a high volume of gas, the
presence of a "gas barrier” reduces the efficiency of the existing high-performance
equipment. Earlier in the coal industry, the main attention was paid to improving the
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technology and technics of coal mining. Gas control was assigned a secondary role.
Currently, the main task is to improve the safety of mining operations [1, 2]. A
secondary task is the extraction of coal mine methane during the shortage of an
alternative source of energy.

About 360 million cubic meters of methane (26 %) are recovered by mine
degassing systems, about 50 % of which is captured and usefully used [3]. Degassing
in coal mines is carried out by drilling vertical wells from the surface, as well as from
mine workings to a gas-saturated coal-rock massif. To transport and evacuation of
methane through metal pipelines, vacuum pumping units, and gas suction fans are
used. According to the norms, the concentration of methane in the degassing
pipelines should be at least 25 % in a mixture with air, and the concentration of
methane in the air stream leaving the mine should not exceed 0.75 % according to
safety conditions [4]. It is impossible to ensure an increase in coal mining and the
profitability of mines without degassing. Therefore, the establishment of the main
influencing factors interrelation on the safety of transportation of methane-air mixture
Is relevant.

Methods. The calculation of the diameter of the pipeline and the choice of a
vacuum pump for capturing methane-air mixture from underground boreholes is
carried out according to [5]. Determining the interconnections of the main
influencing factors on the safety of transportation of methane-air mixture is feasible
with the help of multiple regressions [6].

Determine the flow of methane-air mixture in the pipeline

Qs =Ky - (Qq +ky - ly) m*/min (1)

where k; - the safety factor, taking into account the error of the prediction of methane
emission, k, = 1.25; Qo - the flow of methane-air mixture at the starting point of the
pipeline, m*/min (from boreholes); k, - coefficient taking into account the air leakage
per 1 m of the pipeline, 10-3 m*min; |,, - the length of the gas pipeline working area,
m.

Determine the concentration of methane gas in the pipeline

100- |
Co=——9
QO +kn °IW

where |y - the emission of methane entering the gas pipeline at the working area,
m*/min.
Determine the pressure in the pipeline

% (2)

Py =Ry -+1.17-107% - H)- B,, mm Hg 3)

where Py - atmospheric pressure in the mine, measured by a barometer, 760 mm Hg;
By - vacuum in the borehollheads, 50 mm Hg; H - depth of development, m.
Determine the unit pressure loss in the pipeline
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where Py, - the pressure of the methane-air mixture at the suction inlet of the vacuum
pump, mm Hg, P, = 300 mm Hg - when designing degassing systems.
Determine the diameter of the pipeline

2 0.188
o|=o.04-[QS } . m (5)
AP

u

We determine the internal diameter of the injection pipeline, which supplies the
gas-air mixture from the vacuum pumping station to the boiler room. The distance
from the surface degassing complex to the boiler room is 200 m. The actual diameter
of the pipeline is 273 mm. The calculation was produced by formula [5]

Vg
Q+tg +1 [-Qy
di =\~— .m (6)
47-1,

where V, - the volume of the way along which the methane-air mixture passes from
the place of sampling to the entrance to the gas analyzer, m®; Qq - the flow of
methane-air mixture passing through the gas analyzer, m3/s; ty - total inertia
(including transport and preparation of methane-air mixture) of the gas analyzer, s; t;
- inertia of the slam-shut valve, 0.5 s; Q, - the flow of methane-air mixture supplied
to the user, m*/s; |, — the length of the discharge pipe, m.

Determine the pressure methane-air mixture in the discharge pipe of the pump on
formula [5]

Py =AP, + APy + AP, + Py + P, ,mm Hg (7)

where AP, - the pressure loss in the protective and regulating equipment, mm Hg; P,

- pressure loss on flame arresters, 10 mm Hg; APy - pressure loss at the measuring

diaphragm, 5 mm Hg; APy, - pressure losses due to friction in the pipeline, mm Hg.
The pressure loss in the protective equipment determined by empirical formula

APa:ka'Qg'yc’mmHg (8)

where k, - the coefficient equal to 0.009 (pipe diameter of 0.273 m); y. - the density
of the methane-air mixture, kg/m®

\/ , 4810714, -Qf -7

APy, = |Pg + — Py , mm Hg 9)

g dg.33
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where Py - the methane-air mixture pressure in the burners, mm Hg; Iy, - the length
of the injection pipeline, m; dq - the diameter of the injection pipeline, m.

The pressure in the discharge nozzle of a vacuum pump can exceed atmospheric
pressure by no more than 180 mm Hg

P; — R, <180 mm Hg — the compliance condition  (10)

Determination of the degree of influence of the parameters of the meta-air mixture
under these conditions will be carried out using the multiple regression equation.
The multiple regression equation can be represented as

Y=f(B8X)+e (11)

where X = X (Xy, Xy, ..., Xi) - the vector of independent (explaining) variables; S - the
vector of parameters (to be determined); ¢ - a random error (deviation); Y - dependent
(explained) variable. The theoretical linear multiple regression equation is

Y =fo+ Xy + Xy + ot X+ (12)

where f0 - the free term that determines the value of Y, in the case when all
explanatory variables Xj are 0.
The empirical multiple regression equation can be represented as

Y =bg+b X1 +bo X5 +...4+bp X, +€ (13)

where by , by, ..., by, are estimates of the theoretical values of the Sy, f1, f2, ..., fm
regression coefficients (empirical regression coefficients); e - the deviation estimate
of &. When the assumptions of the least squares method (LSM) with respect to ¢
errors, estimates of the by, by, ..., by, parameters of the S, f1, f, ..., fm parameters of
the multiple linear regression are unbiased, efficient and consistent. LSM is used to
estimate the parameters of the multiple regression equation.

According to the Fisher-Snedecor distribution tables, the critical value of the F -
criterion (Fpy) is found. To do this, set the level of significance o (usually it is taken
equal to 0.05)

Z(Yic _Yac)zl n-m-1
m Z(Yi _Yic)2 | (14)

where Y;. — the calculation value of the resulting model Y, mm Hg; Y, - average
value of the of the resulting model Y; y; - original value of y, mm Hg; m - the number
of factors, pieces; n - the number of observations, pieces.

If the actual value F. > Fy, then the coefficient of determination is statistically
significant and the regression equation is statistically reliable.

Results and discussion. The safety of transportation of methane-air mixture
(MAM) through the underground degassing system depends on mining-geological
and mining-technical parameters. Consider the effect of the parameters of the MAM

C
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on the safety of the degassing system on the example of data ME "Sukhodolske-
East".

According to the degassing standard, the transportation of the methane-air
mixture is carried out through the degassing pipes laid through the mine workings
and is carried out by creating a vacuum pump. Perform a calculation of the diameter
of the pipeline and the choice of a vacuum pump for capturing methane-air mixture
from underground boreholes. The design scheme of the underground pipeline 24 of
the western sloping working face (WSW) is shown in Figure 1.
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Figure 1 - Scheme of the underground pipeline 24 WSW: 1 - vacuum pump station; 2 - surface gas
pipeline I =50 m; 3 — borehole «1175» | =915 m; 4 - degassing passage | = 30 m; 5 - air passage
| =70 m; 6 - air winze | =40 m; 7 - conveyor incline | = 300 m; 8 - east main conveyor drift | =495
m; 9 - west conveyor drift | = 150 m; 10 - roadway with separate air ventilation | = 150 m; 11 - west
flank air passage Ne23 | =900 m; 12 - 24 west air drift | = 900 m; 13 — boreholes.

The initial data for the calculation are presented in Table 1.

Table 1 - The results of the calculation

Q01 IW1 IOI H1 Vg, le Ql.h Igl YC! Pgl Igp! dd!
mmin | m | m¥min | m | m® |m%s|m¥ | m | kgm® | mmHg | m m

38.1 4000 18.1 990 | 46.8 | 0.64 | 1.07 | 200 | 1.26 770 200 | 0.273

The results of the calculation will be presented in a Table 2.

Table 2 - The results of the calculation

APU! ) .
3QS,_ C. % Pp, (mm d, di, APy, AP, Pi,
m*/min mm Hg Hg)/m m m mmHg | mmHg | mmHg
52.63 43 798 0.1025 0.272 0.092 31.41 21.71 838.13

The pressure in the discharge nozzle of a vacuum pump can exceed atmospheric
pressure by no more than 180 mm Hg:

P, —R, =838.13-760="77.41<180 mm Hg — condition performed
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In these conditions, we will study the changes in the parameters of the methane-
air environment and their influence on the safety of the degassing system.

To do this, among the number of participating parameters (factors), it is necessary
to select those that we can control. These include the following factors: the flow of
the methane-air mixture, the length of the gas pipeline, the atmospheric pressure in
the mine, the depth of the mining, the density of the methane-air mixture and the
diameter of the pipeline that affects all of this.

Determine the degree of influence of factors methane-air mixture, which are taken
into account when determining the optimal diameter of the pipeline (Table 3).

Table 3 - Factors affecting the diameter of the pipeline

Ne | Pi—P,, mmHg | Qo,mmin | l,m | P, mmHg | m | v, kgm®> | d m
y X1 X2 X3 X4 X5 X6
1 62.46 47.1 4247 760 990 1.28 0.292
2 49.58 40 4000 755 950 1.27 0.277
3 67.9 50 4200 764 824 1.29 0.299
4 30.63 26 3700 762 550 1.26 0.235
5 20.23 15.1 2500 758 632 1.2 0.18
6 18.9 12 2356 758 458 1.1 0.165
7 15.79 5 2156 758 350 1.05 0.125
8 15.19 1.1 1980 760 300 1.4 0.089
9 15.09 1.1 1000 760 100 1.4 0.068
10 25.51 23 800 765 700 1.32 0.162
11 35.83 33 500 765 750 1.32 0.169
12 43,92 38 2400 770 824 1.26 0.244
13 59.03 47 2650 760 825 1.27 0.268
14 70.91 53 2950 760 840 1.27 0.286
15 83.93 59 3125 760 890 1.27 0.301
16 93.12 63 3400 760 900 1.26 0.314
17 95.87 64 3560 770 1000 1.26 0.318
18 103.47 67 3660 762 1050 1.26 0.325
19 106.29 68 3780 762 1090 1.26 0.329
20 117.21 72 3950 763 1120 1.26 0.339
21 159.18 85 4150 758 1250 1.29 0.364
22 169.04 88 4150 758 1250 1.29 0.364
23 122.98 73 4500 758 1300 1.29 0.344
24 122.98 88 6000 758 1300 1.29 0.344

When determining the multiple regression model the main task was to set a safety
condition for the difference in pressure; therefore, some parameters varied
independently of boundary conditions.

Determine the matrix of paired correlation coefficients, the number of
observations 24 (Table 4).

If there is an inter-factor correlation coefficient in the matrix ry;x>0.7, then there
is multicollinearity in this multiple regression model. In our case, ryx; x2, 'x1 x4, 'x1 X6
2 x4, Tx2 x6, Txa xg NAve | r |> 0.7, which indicates the multicollinearity of the factors
and the need to exclude one of them from further analysis.
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Table 4 - Matrix of paired correlation coefficients

Y X1 X2 X3 X4 Xs Xs
Y 1 0.960 0.716 -0.102 0.890 0.137 0.893
X1 0.960 1 0.755 -0.005 0.952 0.127 0.959
X2 0.716 0.755 1 -0.276 0.746 -0.069 0.822
X3 -0.102 -0.005 -0.276 1 -0.020 0.178 -0.012
X4 0.890 0.952 0.746 -0.020 1 0.072 0.941
Xs 0.137 0.127 -0.069 0.178 0.072 1 0.003
X6 0.893 0.959 0.822 -0.012 0.941 0.003 1

Analysis of the first row of this matrix allows for the selection of factor signs that
will be included in the model of multiple correlation dependence

Y =-4.732+1.621- X, .

Let's check by Fisher's criterion, according to which the calculated value, after
selecting the factor, was 260.66 with m = 1 (since we have selected one factor). The
tabular value of the Fisher criterion F, = 2.068658 with o = 0.05.

F.>Fwan, the coefficient of determination is statistically significant and the
regression equation is statistically reliable.

For a visual assessment of the obtained regression model, we compare its values
with the original values (Fig. 2).

As can be seen from Figure 2, the resulting model of value calculation
corresponds to the original data of value original and is described with an accuracy of
95 %.

Conclusions. In determining the interrelation of the main influencing factors on
the safety of methane-air mixture transportation, it has been established that the factor
of consumption of methane-air mixture at the starting point of the gas pipeline has the
maximum effect. As a result, a linear multiple regression of the form
Y =-4.732 + 1.621-X; was obtained, allowing to establish the effect of the flow of
methane-air mixture at the starting point of the gas pipeline (flow of borehole) on the
safety of transportation of methane-air mixture.
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Figure 2 - Dynamics of changes in the pressure of the methane-air mixture
of original and value calculation
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The results make it possible to predict changes in the safety conditions of
transportation of the methane-air mixture, and subsequently to manage them when
changing the flow of methane from boreholes for the purpose of uninterrupted and
trouble-free operation of the degassing system and the mine as a whole.
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AHoTauif. Y cratTi BigoOpaxeHi pesynbTaTi B3aEMO3B'A3Ky OCHOBHWX TPHUYO-TEONONYHUX i FPHUYOTEXHIYHMX
tbakTopiB, L0 BNIMBAKOTL HA 6e3neKy TPaHCNOPTYBaHHS METAHOMOBITPSHOI CyMiLLi Npn po3pobLyi ByrinbHUX POLOBWLL.

Po3rnsHyTo BNMB napameTpiB METaHO-NOBITPSHOI CyMilli Ha 6e3neky cuctemu aerasayii Ha npuknagi gaHux LY
«Cyxogonbcbka-CxigHay, 4e TPaHCNOPTYBaHHS ra3oBOI CyMilli 34INCHIOETLCS NO AerasauiidnmM Tpybam, Lo npoknageHi
no ripHW4MM BMpODKaM i 3AIMCHIOETBCS 3a paxyHOK poboTW Bakyym-Hacoca. Po3paxyHku NpOBOAMAMCH 3rigHO
KepiBHWLTBY 3 NPOEKTYBaHHA [erasauii ByrinbHWX LUAXT, 3a SKUM BU3HA4YeHO AiameTp Tpybonposogy i BUGIp Bakyym -
Hacoca [ans KanTaxy MeTaHO-MOBITPAHOI CyMiwi 3 Mig3eMHWX CBEpPASoBMH. BCTaHOBNEHO B3aEMO3B'A30K MiX
MPHAYOTEXHIYHUMM | TIPDHUYO-TEOMOTIYHAMM  YMHHWKaMK, WO BNAMBalOTb Ha ©e3neky  TpaHCMOPTYBaHHA
METaHOMOBITPSHOI CYMiLLi 3@ JOMOMOIOK PErpecinHoro aHanidy. B aHanisi BpaxoByBanucs came perynboBaHi (hakTopu.
o HuX BigHOCATLCA: BWUTpPaTa METAHOMOBITPAHOI CYMIlli [iNSHKW, OOBXWHA rasonpoBofy BMIMKOBOI AinbHWUL,
aTMOCCEPHNI TUCK Y BUPOBMEHHI, rMbuHa BUPOOEHHS, WiNbHICTL METAHO-MOBITPSHOI CyMiLLi | giameTp Tpybonposoay.

Mpyu BM3HAYEHHI B33aEMO3B'SI3KY OCHOBHWMX (DAKTOpiB, WO BNMMBaKOTL Ha ©Oe3neky TPaHCMOPTYBAHHA
METaHOMOBITPSHOI CyMiLlli BCTAHOBMEHO, L0 MaKCUManbHUiA BNAMB HaJae (hakTop BUTpaTK METAHOMOBITPSHOI CyMilli B
noYaTKoBIN TouLi rasonposody. B pesynbTati 4oro, oTpuMaHa fiHiHa MHOXMHHA perpecis, ska 403B0SMNa BCTaHOBUTY
BM/MB BMTPATV METAHOMOBITPAIHOI CyMilli B MOYATKOBIA TOYLi rasonpoBody Ha 6e3neyHi yMOBW ii TPaHCNOPTYBaHHS.
OTpumaHa mopenb Po3paxyHKy 3HAYEHHS! TIPHUYOTEXHIYHMX | FiPHWYO-TeonoriyHMX HaKTOPIB BIAMOBIAAE BUXIGHWM
AaHUM | ONUCYETLCA 3 TOYHICTIO 40 95%.

OTpumaHi pesynbTaTi AO3BONSAIOTH CMPOrHO3yBaTH 3MiHWU 6e3neyHMX YMOB TPAHCMOPTYBaHHS METAHOMOBITPSHOI
CyMili i Hagani kepyBaTu HUMKU MPU 3MiHI BATPATW METaHy 3 CBEPAMOBMH 3 MeTow GesnepebiitHoi Ta GesaBapinHol
pob0TK AerasaLliiHoro rasonpoBoay.

KntoyoBi cnoBa: MeTaHOBMAINEHHS, METAHOMOBITPSHA CyMiL, diaMeTp ra3onpoBOAy, MPHUYOTEXHIYHI i FipHMYO-
reornoriyHi YMHHUKKM, po3pobka BYriNbHUX POLOBWLL, perpeciiHa Moaenb.

AHHoTauua. B cratbe oToOpaxeHbl pesynbTaTbl  B3aWMOCBSI3M  OCHOBHbIX — FOPHO-FEONOTMYECKNX W
TOPHOTEXHUYECKUX (DAKTOPOB, BAMSAOWMX Ha Oe3onacHoCTb TPAHCMOPTMPOBAHWS METAHOBO3AYLWHOW CMECH npu
pa3paboTke YrofbHbIX MECTOPOXAEHUA. PacCcMOTPEHO BMnMsSHWE NapaMeTpoB METAHOBO3MYLIHOM CMecu Ha
BesonacHOCTb ferasaumoHHoON cucTembl Ha npuMepe AaHHbIx LY «Cyxomonbckoe-BocTouHoe», rae TpaHCnopTUpOBKa
rasoBoi CMec OCYL|EeCTBMSETCA MO [erasauuoHHbIM Tpybam, NpPOMOXEHHbIM MO TOpHbIM BblpaboTkam, K
OCyLLecTBNSeTCA 3a cyeT paboTbl BakyyM-Hacoca. PacyeTbl MpOBOAMAMCH COrMacHO PYKOBOACTBY MO MPOEKTUPOBAHMIO
Aerasauuy yronbHbIX LWaxT, Mo KOTOPOMY onpeaeneH avameTp TpybonpoBoaa 1 BbIGOP BakyyM — Hacoca Ans Kantaxa
METaHOBO3AYLHON CMeCK C MOA3EMHbIX CKBXMH. YCTaHOBMEHa B3aWMOCBSA3b MEXQY FOPHOTEXHUYECKMMM W FOPHO-
reonornyeckumi  hakTopamu, BAMSIOLMMM Ha ©€30MacHOCTb TPaHCMOPTUMPOBaHUS METaHOBO3AYLWHOM CMecu C
MOMOLLIbIO PErPECCUOHHOMO aHanmaa. B aHanuse yuuTbiBanUCb WMEHHO perynupyemble aktopbl. K HAM OTHOCATCS:
pacxoq MeTaHOBO34YLIHOW CMeCK y4yacTka, ANMHA rasonpoBOAa BbIEMOYHOrO yyacTka, aTMOCGEepHOe LaBneHue B
BbIpaboTKe, rnybuHa BbIpaboTkM, MNOTHOCTL METAHOBO3AYLLHOM CMecH 1 anameTp Tpybonposoga. Mpu onpegenexum
B3aMMOCBSI3W OCHOBHbIX (DaKTOpPOB BAMSIOWMX HA 6€30MacHOCTb TPaHCMOPTUPOBAHUS METAHOBO3AYLIHOW CMECcK
YCTaHOBMEHO, YTO MaKCUManbHOEe BO3AEMCTBME OKasblBAET (haKTOp pacxoda METAaHOBO3AYLIHOA CMECU B HavasbHOM
TOYKE ra3onpoBoga. B pesynmbrate 4ero, nonyyeHa NVMHENHAs MHOXECTBEHHAs PEerpeccusi, kotopas Mo3Bonuna
YCTaHOBUTb BNWSIHME pacxoda METAHOBO3AYLLIHON CMECH B Ha4anbHOM TOUKe ra3onpoBoada Ha GesonacHble ycrosus ee
TpaHcnopTupoBaHus. MonyyeHHas MoAenb pacyeTa 3HaYeHUsi TOPHOTEXHWYECKMX W FOPHO-TEONOMMYECKUX (haKTOpOB
COOTBETCTBYET WCXOAHbIM [daHHbIM U OMUCHIBAETCH C TOYHOCTbIO A0 95%. [lonyyeHHble pesynbTaTbl MO3BONSIOT
CMpOrHO3MpOBaTh W3MEHEHWs Be30nacHbIX YCMOBUA TPAHCMOPTUPOBAHNS METAHOBO3AYLIHON CMECH U B [arnbHeiLLem
yNpaBnsTb UMW MPKU M3MEHEHWUM Pacxoda MeTaHa M3 CKBaXWH C Lenblo 6ecrnepeboiHoi 1 6e3aBapuitHon paboThl
[€era3aLoHHOro ra3onpoBoga.

KntoueBble cnoBa: MeTaHOBbIAENEHWE, METAHOBO3AYLLUHAS CMECh, ANaMeTP ra3onpoBOAa, FOPHOTEXHUYECKUE U
rOPHO-Teonornyeckme (haktopsl, paspaboTka yronbHbIX MECTOPOXAEHWA, PErPECCHOHHAA MOZENb.

Cmamms Haditiwna do pedakyii 14.07. 2019.
PexomerdosaHo Ao dpyky d-pom mexH. Hayk P.K. Cmacesuyem.



