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PETROGRAPHIC ASSESSMENT OF COAL GAS CONTENT
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Annotation. Traces of the gas generation process on natural coal burstings have been identified and documented
using the petrographic method. Their characteristic features were described. The methodology of their quantitative
calculation is proposed in order to assess the modern gas content of coals. Two new indexes were proposed — the
quantity of traces gas per 100 mcm2and the degree of infestation of the gelified substance. In one coal bed, the quantity
of traces gas is distributed unevenly both upon the thickness of the bed and along the strike. The mechanism of
formation of "gas bubbles" can be explained from the point of view of the kinetic theory by Academician Ya.l. Frenkel.
The quantity of traces gas per 100 mcm? the coal surface Qc characterizes the properties of the gelified substance of
coals, their gas-generating ability. The quantity and size of traces of the gas generation process depend on the degree
of coalification, their size varies from micron fractions to 50 microns or more, and at the low coalification stages these are
single large "traces", at medium stages both small and large traces, and in highly carbonized coals there are mostly
small ones. In one coal bed, the quantity of traces gas is distributed unevenly both upon the thickness of the bed and
along the strike "Traces of gas generation" do not disappear at the stage of gasless anthracites, although their quantity is
somewhat reduced relative to anthracites, containing gas. Using a technique, similar to the method of calculating the
petrographic composition in coals, a quantitative assessment of traces of gas generation was given and in the series
from Lignite to low volatile Bituminous a direct dependence of their quantity on the values of modern gas content of coal
beds was revealed. On the basis of photographic materials of coal-petrography research, the presence of a gas
generation process in coals has been confirmed. The data obtained by the new method are well correlated with the
known factual gas-bearing data obtained by traditional methods. The proposed method is not express and requires a
certain qualification of the coal-petrographer.
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Introduction. Throughout the geological history of coal beds the transformation
of the initial plant material under the influence of temperature and pressure is
accompanied by the emission of gaseous products.

According to the opinion of many researchers, the volumes of coal-generated gas
are quite significant — they are by stages of coalification (m®t): Lignite—68,
Subbituminous— 150, Bituminous C—-230, Bituminous B—270, Antracite—420. Most of
the methane (over 90 %) migrates to host rocks. To date, up to 10 % of this amount
has been preserved in the coal-bearing strata [1].

Migration of gases from the place of generation or accumulation due to elevated
pressures is always directed towards unloading along the shortest way — vertically to
fracture zones, to the arches of anticlines, to the erosion of coal-bearing seams and,
first of all, to the bedding of permeable horizons, upwards through the rise of beds

2].
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However, all these data are based on theoretical concepts and vary among
different researchers.

Such volumes of gas generated by coal leaving the bed (90 %) and remaining in it
(10 %) could not leave traces of their presence in the coal structure. Unfortunately,
perhaps the only source that in details (with confirmation by photographic materials)
describing this phenomenon, can be considered the paper of Shulha V.F., Lukin A.E.,
Lelyk B. 1. [3], who met "signs of gas emission” in the argillilites of the coal-bearing
formation of the Lviv-Volyn basin.

Thus, the actual confirmation of the gas generation process by coals and the
possibility of a quantitative assessment of this process are currently relevant and is
the purpose of this paper.

Methodology. To solve the problem, a technique based on the algorithm I1SO
7404 — 1 — 84 was proposed in [6]:

1. Sampling, sample preparation and selection of the sub-sample for analysis — in
accordance with ISO 7404 — 1 — 84;

2. The plastic ring is filled with plasticine;

3. The surface of the plasticine is covered with a uniform seam of coal particles,
prepared in paragraph 1;

4. Using a laboratory press, the coal particles are pressed into the plasticine, while
some of them will be horizontal position and we get a sufficient number of
unpolished surfaces of coal particles suitable for microscopic research;

5. The resulting preparation is leveled on a glass slide;

6. Under the microscope, we are moving the preparation each time across the
field width of view (this allows to evenly cover the preparation with the observation
points), choose a coal particle with maximum image clarity and take a micrograph
after pre-calibrated the microscope using an object micrometer for reflective light;

7. In the graphic editor (Photoshop), we leave only this particle on the image,
deleting everything else, save the resulting image;

8. Zoomed in the image of a coal particle, we select traces gas on it. We save the
image only of the selected traces gas;

9. According to the free program ImageJ (Research Services Branch, National
Institute of Mental Health, Bethesda, Maryland, USA) [7] we calculate the square of
the particle, the square of traces gas and the quantity of traces gas. The obtained data
we record in the table. Then, to characterize the traces gas, we calculate two new
indexes proposed by us — 1), Q. the quantity of traces gas per 100 mcm?, 2), A, — the
degree of infestation of the gelified substance (microcomponents of the vitrinite
group) with traces gas, calculated as the ratio of the trace gases footprint to the total
square of the entire particle.

Results and discussion. As a result of petrographic research, we identified
"traces™ of gas generation on the surfaces of natural coal burstings from the whole
range of coalification (from Lignite to Metaantracite) [4, 5]. These newly formed
elements of the coal structure (cavities) are in the form of bubbles, craters or cone
funnels (Fig. 1). The presence of a "tail" in the gas bubble in the coal, i.e. the crack
propagation by pressure-energized, is the main difference between them and the
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bubbles on the free surface of substances subjected to heating in laboratory
conditions.
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Figure 1 — The traces form of gas generation activity in coals,
the size of each image — 283x213 microns

Depending on the stresses available in the coal and the size of the expansion
pressure, the length of the "tail" varies widely (Fig. 2).

Figure 2 — Cracks of various sizes, initiated by the pressure of the gas expansion,
the size of each image — 283x213 microns

In one coal bed, the quantity of traces gas is distributed unevenly both upon the
thickness of the bed and along the strike, i.e. we cannot judge the quantity of traces
gas in a particular bed intersection by one piece of the coal. Coals of the same rank,
but of different beds, may differ significantly in the quantity of traces gas. Thus,
Figure 3 shows micro-images on the surface of the coal beds samples I, (atop) and m;
(below) from the O.F. Zasiadka mine. The coals of both beds are classified as
Bituminous rank, and have approximately equal content of vitrinite. The difference in
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the petrographic composition, namely, the different content of inertinite and liptinit
indicates the difference in the initial composition and transformation conditions. In
this case, it is logical to assume that the vitrinite of both beds is different in
properties, which has influence in the different gas generation ability.

Thus, as a result of coal-petrographic researches, we identified new structural
elements in the coal substance — traces of the gas generation process ("'gas bubbles™).
Theoretically, the mechanism of formation of "gas bubbles” can be explained from
the point of view of the kinetic theory by Academician Ya.l. Frenkel [8]. In his
opinion, the lentil-like cavity, which is formed as a result of the instantaneous action
of tensile forces, is the basis of the bubbles appearance. The volume of the cavity is
also instantly filled with gases. Since the sphere has the best ratio between the
volume and the surface in comparison with other geometric shapes, the lentil-like
cavity takes on a spherical shape.

Date obtained as the result of the research upon the samples of coal of all ranks
does not contradict this theory (Fig. 4).

The quantity of paleotraces gas can be as an indicator of the quality of the gelified
coal substance, the gas generation ability of carbonaceous components (and as a
result of modern gas content), and due to the fact that the gas generation process
contributes to the development of fracturing and increased traces gas near the existing
cracks — the indicator of coal disturbance.

The quantity of traces gas per 100 mcm?® the coal surface Q. characterizes the
properties of the gelified substance of coals, their gas-generating ability.

i e
Figure 3 — The various gas generation ability of isometamorphic coal beds 14 and m;
at the O.F. Zasiadka mine
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Figure 4 — Sequential (1, 2, 3) transformation of lentil-like cavity into a sphere at the formation
of a gas bubble

The ratio of the traces gas footprint to the total surface square of the coal A,
evaluates work that the process of gas generation and gas migration in coal beds
contributes to their structure.

The analysis of cumulative averages values of indexes Qc and Ac (i.e. the average
values of these indicators for 2, 3, 4, 5 etc. observations) to identify a sufficient
quantity of observations, i.e. the number of micrographs of the preparations surface
showed that for both indicators 30 observations are enough.

The quantity and size of traces of the gas generation process depend on the degree
of coalification, their size varies from micron fractions to 50 microns or more, and at
the low coalification stages these are single large "traces", at medium stages both
small and large traces, and in highly carbonized coals there are mostly small ones.

"Traces of gas generation™ do not disappear at the stage of gasless anthracites,
although their quantity is somewhat reduced relative to anthracites, containing gas.

Using a technique, similar to the method of calculating the petrographic
composition in coals, a quantitative assessment of traces of gas generation was given
and in the series from Lignite to low volatile Bituminous a direct dependence of their
quantity on the values of modern gas content of coal beds was revealed [5].

Conclusions. A new method of petrographic assessment of coal gas content has
been proposed, the essence of which is the use of optical microscopy of coal samples,
with the further processing of photographic materials obtained.

On the basis of photographic materials of coal-petrography research, the presence
of a gas generation process in coals has been confirmed.

The data obtained by the new method are well correlated with the known factual
gas-bearing data obtained by traditional methods.

The proposed method is not express and requires a certain qualification of the
coal-petrographer. Currently, we are working on the unification of the proposed
method in the direction of digital processing of microphotographs.
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AHotauis. Cnign rasoreHepauiHOro npouUecy Ha NpUPOOHMX Bigkonax Byrinms Oynu  ioeHTUdikoBaHi i
3a70KyMEHTOBaHi, BUKOPUCTOBYIOUM neTporpacdiuHnil MeToA. Ix xapaktepi pucu Gynu onucawi. Metogonoris ix
KiNbKICHOrO 0OYMCIEHHSI 3anponoHOBaHa Anis TOro, LWo6 OUiHWTM Cy4acHM BMICT rasy y Byrinni. [1Ba HOBI iHAEKCH
3anponoHOBAHO — KiNbKICTb cnigiB razoreHepalii Ha 100 MKM? i CTyniHb ypaxeHocTi refnidikoBaHoi cybcTanLii. Y ogHomy
Lwapi KinbKicTb CnigiB rasoreHepauiinHoro npoLecy Po3noBCIOAXKYETHCA HEPIBHOMIPHO SIK MO TOBLUWHI LIapy, Tak i no
HawapoBaHHo. MexaHiam yTBOpeHHs1 "Oynbballok rady" moxe OyTW NOSICHEHUIA 3 TOYKM 30py KiHETWYHOI Teopii
akagemika f.I. ®penkens. Kinbkictb cnigis rasonposieneHs Ha 100 mkm2 nosepxHi Byrinns (Ky) xapakrepusye
BNAcTMBOCTI  renidoikoBaHoi  cyOcTaHuii  Byrinns, iX rasoreHepauidy 3gatHicTb. KinbkicTb i poamip cnigis
ra3oreHepaLiiHoro NpoLecy 3anexaTtb Bif CTyneHs Byrnedwmkalii, iX po3mip 3MiHIOETbCS Big, YacTku MikpoHa fo 50 i
BinbLue MiKpOH, MPUYOMY Ha HU3bKKX CTadisx Byrnedqikaii — e OanHNYHI BEnuKi "cnign’, Ha cepeaHix cTagisax — i apibHi,
i BEnuWKi, i y BMCOKOBYrMedikoBaHOro BYrinfas — B OCHOBHOMY ApibHi. "Cnign rasoreHepauii’ He 3HWKalOTb i Ha cTagii
Be3raszoBux aHTPaLWTIB, X04a iX KINbKICTb AELIO 3HWKYETHCA BIAHOCHO aHTPAUMTIB, L0 MICTATb ras. BukopuctoByoum
MeTOAMKY, NogibHy A0 MeTOAMKM MigpaxyHKy neTporpacdiyHoro cknagy Byrinns, 6yna gaHa KinbkicHa OLiHka cnigis
rasoreHepaLii i B pagy Big Lignite go low volatile Bituminous, BusiBneHa npsima 3anexHicTb iX KiflbKOCTi Bif 3Ha4YeHb
Cy4acHOI ra3oHOCHOCTI BYrinbHWX NNacTiB. Ha ocHoBi hoTomaTepianis ByrneneTporpadiuHux gocnimxeHb NinTeepaxeHa
HasBHICTb ra3oreHepawiHoro npouecy y Byrinni. OnucaHi no HOBOMY METOAY AaHi fobpe KOpentorThCs 3 BiGOMUMM
(aKTUYHUMKU JAHWMK NP0 TAa30HOCHICTb, OTPUMaHUMK TPaAMLINHUMKW MeToaamu. 3anponoHOBaHUA METOL He €
€KCNpecHUM i BUMarae neBHoi kBanicpikaLlii Byrnenetporpada.

KntoyoBi cnosa: crigu rasoreHepaLiiHoro npolecy, neTporpadiuHuii MeTog, BMICT rasy, KinbKiCHU pO3paxyHoK.

AHHoTaums. Crieabl rasoreHepalioHHOTO NpoLiecca Ha eCTECTBEHHbIX CKOMax Yrnei Obinn MAeHTU(NLMPOBaHbI
W 3a10KYMEHTMPOBaHbI, MCNOMb3ys NeTporpacnyeckuit MeToa. Vx xapakTepHble YepTbl Obinn onucaHbl. MeTogonorus
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WX KOMMYECTBEHHOIO BbIYMCIIEHNS NPEANoXeHa 4515 Toro, YToBbl OLEHUTb COBPEMEHHOE COAEPXaHue rasa B yrnsx. [isa
HOBbIX MWHAEKCA MNPEdNOXEHO — KOMWYecTBO crefdoB rasoreHepauun Ha 100 MKM2 W CTEMeHb MOPaXEHHOCTM
renueuumMpoBaHHoro BellecTBa. B 0gHOM nracte  KONMYecTBO CredoB  rasonposBEHWA  pacnpenenseTcs
HEpPaBHOMEPHO KaK M0 MOLWHOCTM NnacTa, Tak 1 No npocTupaHuio. MexaHnam o6pa3oBaHuns "ny3bipei rasa" MoXeT ObiTb
0ObSCHEH C TOYKM 3PEHNS KMHETMYECKON Teopun akagemuka HA.M. dpenkens. KonnyecTBo cnegos rasonposiBfieHuMin Ha
100 mkm? nosepxHocTM yrnsa  (Ky) xapakTepusyeT CBOWCTBA renvUUMPOBAHHOrO BELLECTBA Yrrem, WX
rasoreHepaLyoHHyt0 cnocobHOCTb. KonnyecTBo 1 pasmep CrefoB ra3oreHepaLoHHOro npoLecca 3aBUCAT OT CTENeH
yrnedukaumm, pasmep ux konebnetcs ot gonen MukpoHa Ao 50 u 6onee MUKPOH, MPUYEM Ha HU3KWMX CTagusx
yrnedukaum — 3TO eOWHUYHbIE KPYMHbIE «CRedbl», Ha CPeAHUX CTagusix — W Menkue, W KpynHble, U Yy
BbICOKOYrnedULMPOBaHHbIX Yyrmen — B OCHOBHOM Mernkve. «Criedbl rasoreHepauuv» He MCYe3alT W Ha CTaguu
Be3rasoBbiX aHTPALMTOB, XOTH UX KOMMYECTBO HECKOMbKO CHUXAETCH OTHOCUTENbHO aHTPauWTOB, COOEpXalluX ras.
Acnonb3ys meToauky, nogobHyto MeToauke NoAcHeTa NeTporpauyeckoro coctaea yrien, 6bina gaHa konuyecTBeHHas
OleHKa cnefoB rasoreHepauun u B pagy ot Lignite go low volatile Bituminous BobisiBrieHa npsMas 3aBUCUMOCTb WX
KOnMyectTBa OT 3HAYEHW COBPEMEHHOW ra30HOCHOCTM YrofbHbIX NnactoB. Ha ocHoee hoToMaTepuasnos
yrneneTporpagmyeckux 1CCneaoBaHuMin NOATBEPKAEHO HAaNM4Me ra3oreHepaLyoHHoOro npouecca B yrnsx. [lonyyeHHble
no HOBOMY METOAYy AaHHble XOPOLIO KOPPEnupylTCcs C W3BECTHbIMW (PaKTUYECKUMM OaHHBIMA O Ta30HOCHOCTH,
NonyyYeHHble TPaAULIMOHHLIMI MeTogaMu. [peanoXeHHbI METOA He ABNSETCS SKCMPECCHbIM W TpebyeT onpeaeneHHomn
kBanudukaLum yrnenetporpada.

KnioyeBble cnoBa: crefbl rasoreHepaUMMHOro npouecca, neTporpacuyeckun MeTod, COdepkaHue rasa,
KONMWUYECTBEHHbIN pacyerT.
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