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Abstract. The problem of determining methane content in the coal seams was being solved actively in the 1960s-
1980s since there was a need to improve design reliability of gas safety systems in the mines. Today, mine methane is
considered as a nonconventional material in the energy industry and in terms of improving safety, environmental
friendliness and technical and economic efficiency of the operating mines. Hence, solving the problems of reliable
determination of methane content in coal deposits has become topical again. The research is related to the field of the
mine gas safety and assessment of methane reserves in the methane-coal deposits. A scope of literature and stock data
were summarized, and empirical methods for determining methane content in coalbeds were improved (statistical
geological, mining statistical and semi empirical methods). Impact of tectonic structures of coal deposits on the methane
relative content was determined. Pattern of depth effect on methane content in the coal seams was established. The
mining statistical method for forecasting gas emissions was improved by taking into considerartion effect of depth, rock
inclination, seam thickness and methods for controlling rock pressure on the gas emissions from the coal seam. The
quantitative estimation of methane share emitted from the mine rocks in the total gas balance of the mining site was
done. The semi-empirical method for predicting methane content in coal seams was improved by taking into account the
Hilt-Skok’s law and the established patterns of the effect of unloading, depth and strength of rocks on thermobaric
conditions, which predefine gas content in the coal seams. The research results were implemented in the projects of
Dneprogiproshakht Institute. The evidence-based part of the improved methods were presentred in different scientific
reports of the N.Poljakov Institute of Geotechnical Mechanics of the National Academy of Sciences of Ukraine and
Dniprogiproshakht Institute.
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Introduction. The problem concerning determination of methane content in coal
seams was being solved actively in the 1960s-1980s since there was a need to
improve design reliability of the systems of gas safety in mines [1, 2, 3].

Currently, mine methane is considered to be nonconventional material in the
energy industry [4, 5, 6]; and to improve safety, environmental friendliness, and
technical and economic efficiency of operating mines [7]. Hence, solving the
problems concerning the determination of methane content of coal deposits has
become topical again [8, 9]. Three empiric methods are used to determine methane
content of coal deposits [1, 2, 3]: geological and statistical method, mining and
statistical method, and semi-empirical, all of them differ in application area, resolving
power, and completeness of factors taken into consideration.
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Methods. The methods of generalization, analysis and synthesis of the materials
which were published and stock materials were used to achieve the goal taking into
account the specifics of the tasks to be solved.

Geological and statistical method has been improved by means of comparative
and statistical data analyses taking into consideration factors differing qualitatively:
tectonic conditions (i.e. synclines, anticlines, and monoclines); gas belts differing in
depth effect on methane content (i.e. coal, semianthracite, anthracite, and
superanthracite); gas zones (i.e. weathering zones, gas-undersaturation zones, gas-
saturation zones, and zones degassed partially); occurrence of coal seams within
tectonic folds (i.e. wings, joints, bottom part or axial part, and transition zones of gas
belts).

Improvement process of mining and statistical method involved generalization of
actual methane release into workings of production units in mines of Central Donbass
within depth interval down to 900 m; moreover, average weighted gas content of
levels, methane release from complementary rocks, and rocks used to improve G.D.
Lydin technique as for gas recovery of coal seams and rocks have been identified.

Semi-empirical forecast method as for methane content has been developed while
combining Langmuir and Hilt-Skok’s solutions, completed with regularities of depth
effect as well as rock properties effect on thermobaric parameters of the Earth’s crust,
determined by the author on the basis of experimental data generalization.

Results and their discussions. The empirical methods have been improved by
way of generalization of the geological data in order to specify methane reserves in
the coal deposits of Donbass.

Geological and statistical method

The following has been determined in elaboration of geological and statistical
method:

- regularity of effect of tectonic structure of deposits on the methane content
value: if other conditions are equal, methane content of coal seams occurring within
synclinal folds is the largest; the value is the least for seams occurring within
anticlinal folds; and the value is average one in the context of monoclonal
occurrence.

- math expression of regularity of depth effect on methane content of coal

_ H_Ho
“a+b-(H-H,)

, m3/t0n (1)

differs in the following: first, while deepening (irrespective of coal grade) function
(1) tends to common limit X..= Xt being equal to maximum methane content value
of lean coal; second, ordinate of function (1) vertex is H, depth, separating gas
undersaturated coal zone (upper), and gas saturated one (lower); and third, values of
empirical constant o have been determined: 5.1 is for semianthracites, and 16.5 is for
low-rank coal.

Following partial empiric law concerning the depth effect on methane content of
coal seams has been formulated basing upon simultaneous analysis of Hilt-Skok’s
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rule [10], and metamorphic methane content scale of G.D. Lydin:
- coal methane content experiences almost linear increase from maximum values
of lignite to methane content of semianthracites yp, with

Xpa — Xb :
grad y, AF] , gradient
where grady,, is coal gas content gradient; AH is thickness of coal rock mass
enclosing black coal;

- maximum methane content zone is within semianthracite occurrence depth;

- decrease in coal methane content takes place within low-grade 10A+11A
anthracite occurrence; the process almost follows linear law with

XL_Z, gradient

A

grad y , =

where, M, is low-grade (i.e. 10A and 11A) anthracite rock mass thickness; and - it
has been determined that anticlinal folds are the zones of tectonic unloading as well
as intensive degasification where methane content of coal decreases according to
linear law. Mine statistic forecast method concerning methane content of coal seam
supports the result reliability.

Mining and statistical method

Mining and statistical method has been improved for mines in the Central
Donbass Region according to following strategy.

1. Parameters, effecting gas recovery of coal seams, have been systemized. They
are specified as follows: g, is relative methane content of a level, m®ton:
qs is natural gas recovery of a seam, m*/ton; K, is a share of methane release from
rocks; n is the number of seams being mined; ms is thickness of seams being mined,
m; k is the number of unmined complementary rocks being overmined (undermined);
m; is thickness of unmined seams, m; h,, is maximum distance from n™ seam being
mined to complementary seams under which gas release from the latter may be
considered as that being equal to zero, m; and h; is a distance on a normal from the
seam, being mined, to i"" complementary seam being undermined (overmined).

2. Residual gas release of the overmined (undermined) complementary seams has
been determined

hi
Uoct = Qs — m3/t0n )
pn
3. Residual gas release of coal complementary seams in the context of two and
more overminings (overworking) has been identified

- h
Uoct =0, H:;ljh_l; m3/t0n ,

pn

where j — is the number of seams overmining or undermining complementary seams.
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4. Gas balance equation of a level has been formed

i=1 i=1 i=1

[Zm pym-sm T }
g = _ (1+K,, ) m*/ton

5. Natural gas recovery of coal seams, being out of overmining and undermining.
Has been determined using the formula

qlimi
q, = i~ y .m3/ton
L+K, )Lzm FYm-ym - r’[h } |
i=1 i=1 i=1

Data of regularities concerning changes, taking place in gas content of levels,
have been used to identify regularities of depth effect on gas recovery [11].

Computational analysis has helped obtain values of g,, parameter as well as
natural gas content of coal seams in the context of CDR (table 1).

The following results have been obtained in elaboration of mining and statistical
method by G.D. Lydin [11]:

Application boundaries for linear law of depth effect on methane recovery of coal
seams (i.e. lower boundary of lean coal occurrence) have been determined,;

Identify method of analytical gas recovery has been improved while determining
residual gas recovery of over-and undermined complementary seams taking into
consideration their thickness, slope angle, and roof control method; and

It has been specified that actual contribution of rocks to gas balance of production
units is four times more in comparison with traditional method.

Semi-empirical method

Semi-empirical method, intended to determine methane content of coal seams,
consists of two parts: theoretical part, i.e. Langmuir equation, and empirical one, i.e.
mining and statistical methods to characterize such physical parameters of the Earth’s
crust as temperature, rock hardness, and gas pressure. In elaboration of available
solutions, the method has been completed with the empirical law of Hilt-Skok [5, 4]
concerning depth effect on coal grades as well as on volatile-matter content, and the
determined regularities of depth effect:

- on rock temperature

lgt=a+b-IgH

where a and b are empirical coefficients taking corresponding values listed in
Table 2.
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Table 1 - Parameters of mining and statistical method

Mine
2 8a K. Marx | 1-2 Krasny Oktiabr
=
Indices = Level, m
8 i i o o o Lo o o o o o
5 3 8/L|5 8¢8I g8 8
Nl ld|lgd|lg|w|s|v|S|s|a| o
AN (9N o Lo N~ o AN AN < (o] (o]
<t Lo (o] M~ ™ Lo O ™ < Lo (o]
Depth of gas weathering zone, m Hy 130 150 150
Degr(_ee of meth%ne content of mine u 99-30 29 99-94
workings, m/(m?/ton)
Average mining depth, m Hpig |474]576(690(810(437|562|688|380|500({620| 740
Average actual methane content of mine
workings in the context of a level, qus |12.717.5 - | - |145 - | - |13.318.6 - -
m>/ton

Average analytical relative methane
content of mine workings in the context | q; .. |14.817.421.324.413.2/16.6[20.912.7|17.9123.4/ 29.8
of a level, m®/ton

Analytical relative methane recovery of
m;ne workings of certain coal seams, Qo [10.112.014.916.7/9.0|11.013.5/8.5(11.214.0) 17.0
m°/ton

Residual methane contents of coal
brought to grass, m*/ton of dry ash-free| o 4.0 4.0 4.0
rock mass

3
Natural methane content, m*/ton of dry | -y 4 1145 0l18 420.7113.0115.0117.512.515.218.0| 21.0
ash-free rock mass

Gradient grad y 0.0194 0.018 0.0236

Table 2 - Empirical coefficients a and b.

Mines of the Associations En;plrlcal coefﬁmentt)s
Dzerzinskugol SE 0.17 0.57
Ordzhonikidzeugol SE 0.41 0.64
Artemugol SE 0.19 0.57

- on the degree of methane natural pressure
al=g-b-v#®
where V ® s volatile-matter yield; ¢, and b are empirical coefficients (Table 3).

Table 3 - Empirical coefficients a and b, volatile-matter content

] Coefficients
Volatile-matter content . b
Less than 21% 0.40 0.0013
More than 21% 0.23 0.0050
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- on geothermal degree
o
a=233-(0,43+0,57-—)
100

where o; is geothermal degree, m/°C; o is average value of sandstone crushing
strength.

6=205-3.2VE Mmpa:

mid s

where V" are average values of volaile-matter content in the context of coal seams
of a mine field.
daf __ daf daf \ o
Vmid =0,5- (Vup +Vun )’ /0;

where Vu,odaf V™ are volatile-matter content relative to upper layer of Gorlovka

formation, and under layer of Kamenskaia formation, %.

The study which has been done (points 2 and 3) has been implemented widely in
the projects aimed at the development of new levels in thirty mines of the Central
Donbass Region. That prevented from early reconstruction of ventilation systems in
thirty mines by way of substituting available exhausting fans FC-31,5 m for more
powerful FCB-4,5.

According to Clause 1, methane reserves in coal-methane Donbass deposits have
been estimated [12].

Conclusions.

1. The generalization of published data and file materials related to methane
content of mine workings, methane content and gas recovery of coal seams has been
done.

2. Empirical methods of forecasting methane content (geological and statistical,
mining and statistical, and semi-empirical) have been improved through integrated
consideration of depth, tectonics, metamorphism, gas pressure, temperature, and rock
hardness effect on the methane content value of coal seams.

3. Dneprogiproshakht Institute has applied the results of the given research work
while developing thirty new levels; moreover, the findings may be applied while
designing mine ventilation projects, and while estimating methane reserves in the
context of coal deposits.
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AnHoTaumsa. pobnema onpedeneHnss METaHOHOCHOCTU YrofbHbIX MIacToB akTUBHO pelwanack B 60-80 ropax
NPOLLSIOro CTONETUS B CBA3M C HEOBXOAMMOCTbIO MOBBIWEHUS HAZEXHOCTW MPOEKTUPOBAHWS CUCTEM a30BOW
BesonacHOCTM WaxT. B HacTosiliee Bpems LWaxTHbIA METaH paccMaTpuBaeTCs Kak HEeTPaauLMOHHOE BELLECTBO
9HEpreTMyeckoil OoTpaciM M B MNMaHe MOBbILEHNs 6e30MacHOCTU, 3KOMOTMYHOCTU M TEXHMKO-9KOHOMUYECKON
PPeKTUBHOCTN AeicTBytOLWMX WaxT. [o3ToMy pelleHne 3agay HaAEXHOCTU OnpeLeneHnst ra30HOCHOCTH YrOMbHbIX
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MECTOPOXAEHWUA CHOBA akTyanuauposanocb. Pabota oTHocuTCs k 0bnactu rasoBol 6e30MmacHOCTM LaXT U OLEHKe
3anacoB MeTaHa B METaHOYronbHbIX MecTopoxaeHusix. ObobLieHbl nuTepaTypHble W (HOHAOBbIE AaHHbIE, @ Takke
YCOBEPLUEHCTBOBAHbI  AMMMPUYECKMe  MeTofbl  OnpedenieHus  METAHOHOCHOCTM  YrofibHbIX  MNiacToB
(reonorocTaTUCTUYCEKUIA, TOPHOCTATUCTUYECKWIA, NOMNY3aMNEPUYECKNI). YCTAHOBNEHO BNUSHUE TEKTOHUYECKWX CTPYKTYP
YronbHbIX MECTOPOXOEHUA Ha OTHOCUTENbHYI0 METaHOHOCHOCTb. YTOYHEHa 3aKOHOMEPHOCTb BAMSHUS yOuHbI Ha
METaHOHOCHOCTb YrOSbHbIX NacToB. YCOBEPLIEHCTBOBAH FOPHOCTATUCTUYECKMA METOA NMPOrHO3a rasooThaum yueTom
3aKOHOMEPHOCTW BRMSHWA rNyOWHbI, yrna NageHwus nopod, MOLHOCTM MnacToB WM cnocoBoB ynpaBneHWs TOpHbIM
[aBMEHWEM Ha ra3o0TAayy YronbHbIX MAacToB. [laHa KOMMYeCTBEHHas OueHka O0NMM METaHOBbLIAENEHWU U3 TOPHbIX
nopog B rasoBom GanaHce A0ObIYHOTO y4yacTKa. YCOBEpLUEHCTBOBAH MOMYaMMMPUYECKAN METOA MNpPOrHo3a
METaHOHOCHOCTY YrofbHbIX NMacToB MyTem yyeTa 3akoHa XunbTa-Caka 1 YyCTAHOBMEHHbIX 3aKOHOMEPHOCTEN BAMSHUS
pasrpy3ku, rnybuHbl M NPOYHOCTM MOPOA Ha Tepmobapuyeckie ycnosus, NpeaonpeaensioLe ra3oHOCHOCTb YroNbHbIX
nnactoB. PesynbTathl WccnefoBaHu BHeOPeHbl B NpOeKTbl MHCTUTYTA «[Henporunpowaxty. [lokaszaTenbHas 4acTb
YCOBEPLUEHCTBOBAHHbLIX METOA0B npuBefeHa B HayyHbIX otyeTa MHCTuTyToB UI'TM mm. Monskosa HAH YkpanHbl
«[JHenporunpoLaxT».

KnioyeBble cnoBa: amMnupuo-CTaTUCTMYECKME METOAbI, MPOTHO3, METAHOHOCHOCTb, YrOMbHbIA MAacT, rasoBas
3MUCCUS U3 YroNbHbIX NACTOB.

AHoTauis. Mpobnema BM3HAYEHHSI METAHOHOCHOCTI BYTifbHUX NNAcTiB akTMBHO po3s'asyBanacs y 60-80 pokax
MWHYIIOTO CTOPIYYS Y 3B'A3KY 3 HEOOXIOHICTIO NiABULLEHHS HAOIMHOCTI NMPOEKTYBaHHS CUCTEM ra3oBoi Geanekn waxT. Y
[aHUA Yac LWAaxXTHUN MeTaH Po3rnsafacTbCa 9K HeTpagMuiiHa peyoBKMHA eHepreTUYHOI ranysi i y nnaHi nigBuLLeHHs!
Oeanekn, EKOMOriYHOCTI i TEXHIKO-EKOHOMIYHOI eheKTMBHOCTI AilouMx LwaxT. ToMy BUPILIEHHS 3agady HagiiHoCTi
BW3HAYEHHS1 TA30HOCHOCTI BYFiNIbHAX POAOBMLL, 3HOBY akTyanisyBanocs. Poborta BigHocuTbes OO obnacTi ra3oBoi
Beaneku LWaxT i OLiHKM 3anaciB MeTaHy y METaHOBYribHUX POAOBULLAX. Y3aranbHEHO niTepaTypHi i (OHA0BI AaHi, a
TaKOX B[OCKOHANEHO EMMIPUYHi METOAM BM3HAYEHHS METAHOHOCHOCTI BYTiMbHUX MMACTIB (Fe0NorocTaTUCTUYHMA,
riPHUYOCTATUCTUYHWIA, HaNiBEMNIPUYHWIA). BCTAHOBNEHO BMIMB TEKTOHIYHWUX CTPYKTYP BYTNbHUX POLOBULL, Ha BiHOCHY
METaHOHOCHICTb. YTOYHEHO 3aKOHOMIPHICTb BMMMBY MMMUOMHW HA METAHOHOCHICTb BYriNbHMX MnacTiB. BAockoHaneHo
FiPHAYOCTATUCTUYHMIA METOA NPOrHO3Y ra3oBifgaavi BpaxyBaHHsSIM 3aKOHOMIPHOCTI BNAMBY rMOVMHW, KyTa NagdiHHA nopig,
MOTY)XHOCTI NnacTiB i cnocobiB ynpaBniHHA FpCbKAM TUCKOM Ha rasoBigaady ByrinbHWX nnacTi. [laHa KinbkicHa OLjiHka
YacTK/M METaHOBMAINEHb 3 TipHUYMX Mopig Yy rasoBomy GanaHci BaobyBHOI OinsHkW. BoockoHaneHo HamiBeMnipuyHWi
METOL, MPOrHO3y METAHOHOCHOCTI BYMifIbHUX MNacTiB LUISXOM BpaxyBaHHS 3akoHy XunbTa-Caka i BCTaHOBIEHMX
3aKOHOMIPHOCTE BMNMBY PO3BAHTAXEHHS, FMMOMHM i MILHOCTI nopig Ha TepmobapuuHi YMOBW, WO 3yMOBIIOKTb
ra30HOCHICTb BYriNbHUX NnacTiB. Pe3ynbTaTv JOCHIDKEHb YNPOBAMKEHO B MPOEKTU iHCTUTYTY «[Hinpoainpowaxty.
[oka3oBy 4aCTMHY BOOCKOHANEHWX MEeTodiB npueedeHo Yy Haykosux 3gitax IT'TM im. M.C. Monskosa HAH Ykpainu i
«[JHinpoginpoLwaxTy.

KntouoBi cnoBa: emnipio-CTaTUCTUYHI METOAM, MPOrHO3, METAHOHOCHICTb, BYFIMIbHWWA NMacT, rasoBa emicis 3
BYTiNbHWX NNacTi..
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