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Annotation. The paper deals with the fact that gassing of the East inclined longwall (EIL) Ne 3 of the m; coal bed at
Public Joint Stock Company «Mine named after O.F. Zasiadka» are caused by a combination of mining-geological
conditions. The purpose of the paper is to determine the main geological factors that influenced on the gassing of
Eastern inclined longwall Ne 3 of the m; bed located at the «Mine named after O.F. Zasiadka» field. To achieve this
purpose, the complex research was conducted. This complex includes the study and generalization of actual geological
material, the results of research by geophysical methods: gravity prospecting and seismological monitoring carried out
on the «Mine named after O.F. Zasiadka» field. We used an analytical method for selecting the positive local structures
(the trend-analysis of the surface of coal beds and sandstones). It is explained in complete detail in paper. To determine
the distribution of fracturing in the rock mass in the process of mining, the results of seismological observations carried
out at the «Mine named after O.F. Zasiadka» field were used, applying the Polish seismic system "ARAMIS". This
system records the seismic events resulting from cracking, fixes the magnitude of their energy and determines the
coordinates of the origin. Based on the results of observations, a database was compiled, which was used to study the
seismic regime of the mine, selection of fracture zones and the dynamics of their development. Seismological studies
have shown that the recorded seismic events in the massif form zones with the same orientation as the gravimetric
anomalies, and are confined to negative gravitational anomalies, that is, to the zones of weakened rocks. Thus, gassing
of the EIL Ne 3 of the ms coal bed at the «Mine named after O.F. Zasiadka» caused by a combination of mining-
geological conditions. The main geological factor is the presence of a synclinal fold, characterized by increased
fracturing. Mapping of local structures and the use of seismological observations make it possible to effectively identify
gas-saturated zones and correct degassing projects and parameters of ways to prepare workings.

Keywords: gas saturated zone, local structure seismological monitoring, fracture distribution.

Introduction. Mining-geological conditions of mines operation become more
complicated every year. The average depth of coal mining in Donbas reached 800 m,
and the maximum 1400 m. Almost 90 % of the mines are classified as
overcategorical one upon gas. One third of the mines develop beds dangerous on gas-
dynamic events. Therefore, the working and the development of modern methods of
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continuous operational monitoring and assessment of the gas-dynamic state of the
massif to ensure the effectiveness of the stoping and development workings are of
particular relevance. The development of such methods is based on the knowledge of
the main factors affecting the occurrence of gas-dynamic events. The purpose of the
paper is to determine the main geological factors that influenced on the gassing of
Eastern inclined longwall Ne 3 of the m; bed located at the «Mine named after O.F.
Zasiadkay field.

Methods. To achieve this purpose, the complex research was conducted. This
complex includes the study and generalization of actual geological material, the
results of research by geophysical methods: gravity prospecting and seismological
monitoring carried out on the «Mine named after O.F. Zasiadka» field. We used an
analytical method for selecting the positive local structures (the trend-analysis of the
surface of coal beds and sandstones). It is explained in complete detail in paper [1].

Results and discussion. Abnormal gasification of East inclined longwall Ne 3
(EIL Ne 3) of the m; bed occurred at 5.25 a.m., March 4, 2015 at a depth of 1300 m.
The longwall was mined to the rise by a long pillar (2100 m). The length of the
longwall is 315 m. By the time of the accident, the longwall advance to the rise was ~
800 m.

The «Mine named after O.F. Zasiadkay field is located in the central part of the
Donetsko-Makiivskyi district of Donbas. In the geological structure of the mine field,
deposits of middle and upper carbon are involved. The bedding of suits is concordant,
without breaks, sometimes there are intraformational erosions. The lithological
complex of medium carbonic rocks is represented by interchanging the seams of
sandstones, aleurolites and argillites of varying thickness, containing thin beds of
limestones and coals [2].

In regional tectonic level, the mine field is located within the tectonic block
bounded by large structures of various types. In the south, the block is bounded by
the sublatitudinal Mushketivskyi fault, in the west and east by the Vetkivska and
Chaykinska flexures respectively, in the north by the Kalmius-Toretska kettle hole.
Coal beds are disturbed by medium and low amplitude folded and ruptured
dislocations, channel erosions, endogenous fracture. Thrusts prevail among the
faulting. The branching, location and configuration of thrusts reflect the impact of
shear forces that occurred at different stages of the structure formation at the section
[1].

Analysis of gas sampling materials showed that over most of the area the natural
gas content of coal beds is characterized as moderate, turning into high one. In the
interval of the studied depths of 270-1400 m, the natural methane content of the beds
increases from 8-10 to 20-25 m*/t daf. The relative methane yield of the mine,
according to the categorical measurements from 1981 to 2005, ranges from 29.7 to
1257.8 m*/t day output. It was established that coal gases include: methane (CH,),
nitrogen (N), carbon dioxide (CO,), hydrogen (H,), helium (He), and an insignificant
content of heavy hydrocarbon gases. The methane content ranges from 74.6 to 98.7
%. The low content of helium and heavy hydrocarbons in the composition of the gas
indicates the absence of mantle gas inflows.
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On the «Mine named after O.F. Zasiadka» field gas-dynamic events of all types
were observed. There were two sudden outbursts of coal and gas at the mine: over the
I, bed with intensity of 100 tons and over the ms bed with an intensity of 75 tons of
coal and 2500 m® of gas. Outbursts in the case of concussion blasting are 42. One of
them is confined to the coal bed mg, the rest to field workings along the sandstones
m;Sms, 1-'Slg, LSl-, 1,SLs, LsSls, L;Sl;, keSke. The intensity of sandstone outbursts
ranges from 30 up to 650 m® of the rock, and gas from 100 to 11700 m®. 128 soufflars
emissions were fixed at the mine with methane concentration up to 82 % and lasting
from several hours to five months. The nature of emissions is from calm to very
frequent breakthroughs of water and gas. About 90% of soufflars are confined to
cracks, zones of low-amplitude disturbances, wings of folds. Lithologically, most of
them are confined to cracks in the sandstones occurring in the roof and floor of all
coal beds worked, especially in the Sofiivskyi, Semenivskyi and Vetkivskyi thrusts,
in the zone of influence of the Vetkivska flexure.

Within the area, the most gas-saturated are the beds: N;SN;3, MgSmg*, M,SM;
(ms'Sms"), m;SM,?, L;S,’, from which gas emissions with bursts and gushing of
water and gas occurred. Free gas collectors are represented by zones of fractured and
tectonically disturbed rocks.

The main factors determining the change in methane content within the estimated
area are: depth, stratigraphic position and degree of coalification of the estimated coal
beds, the presence of numerous coal interbeds and thick (up to 50-72 m), fractured
sandstones with zones of breaks in the floor and roof, as well as the tectonic structure
of the field.

When analyzing the accident that occurred on 04.03.2015 in EIL Ne 3 of the m;
bed, the volumes of emission methane released into the mine workings of the coal
bed m; were calculated during the stoping — from consumed coal, from overworked
and underworked rocks and coal beds [3].

The total predicted amount of methane emission released into the mine workings
of EIL Ne3 of the m; bed from underworked and overworked spaces is ~ 30 m*/m®,
and from the coal bed under development m; ~ 24 m*t. In all, ~ 54 m*/t of methane
emission has to release into the mine workings. The actual relative methane yield of
the EIL Ne 3 is 52 m°/t. Ventilation and degassing carried out in the working was
calculated on this volume of methane. Consequently, the gasification of the workings
of EIL Ne. 3, which occurred almost instantaneously (measurements 5-10 minutes
before the explosion, showed approximately acceptable concentrations of methane),
was the result of a large amount of methane breakthrough from the enclosing rocks.
The inflow of methane occurred from the highly-permeable zone.

When investigating the causes of the gas-dynamic phenomenon, it was observed
firstly ingress of acetone into the longwall. The explanation of this phenomenon
requires further detailed studies.

Taking into account connection of gas-dynamic events to dislocations, the
structural-geological position of the section where the accident occurred was
considered. According to the method [1], a map of local second-order structures of
the coal bed mj3 has been constructed (Fig. 1).
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EIL Ne 3 is located in the bottom eastern part of the syncline. Its axis passes about
1.5 km eastwards of the Vetkivska flexure.

Signs of increased gas-dynamic activity in the zone of the synclinal fold appeared
even in the process of geologic exploration activities. Gas-dynamic activity was
noted in the well No. 3792, located in the zone of influence of the synclinal fold. In
this well, from a depth of 730 m from the sandy stratum N.3SN,°, there was a sudden
burst of a gas-water fountain, which functioned for about 15 days.

Linear scale
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Figure 1 — Map of the second-order local structures of the coal bed mj at the «Mine named after
O.F. Zasiadka» field: 1 — exploration wells; 2 —isolines of local structures; 3 — faultings

After that, a calmer gas emission from the m,Sm:’ sandstone was noted. In the
process of underworking the well by the 14th and 15th western longwalls directly
near it (150 meters westwards) in the 14th western belt entry on August 26, 1998,
there was coal and gas outburst. With the deepening of mining operations also in the
zone of small-amplitude disturbance (H — 0.6 — 1.7 m) of the same syncline at 550 m
upon the fall from well No. 3792 in the 16th western belt entry, on February 23,
2001, a second sudden coal and gas outburst occurred.

Mining operations at the bottom of the syncline revealed small-amplitude
disturbances (H — 0.5-1.75 m). Increased fracturing of the coal-bearing massif is
confirmed by gravitational and seismological data.

The Dnipro geophysical expedition carried out a high-precision gravimeter
observations S 1:5000 on the mine field and constructed a residual Ag,s map with an
isoanomal section of 0.05 mGal. This map was used to identify and track
decompression zones.
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According to the gravity data, the coal-bearing stratum is heterogeneous and
consists of bands of interchanging anomalies — positive (zones of compacted rocks
— contour 0.1) and negative (zones of rocks loosening — contour minus 0.25). The
width of the bands is ~ 700-800m. Their strike coincides with the direction of rocks
fracturing.

Synclinal and anticline folds are reflected in the gravitational field, respectively,
by the minimum and maximum values of the gravitational anomalies. EIL Ne 3 is
located in the zone of local gravitational minimum, i.e. confined to the section of
increased fracturing (“decompression) in the sedimentary cover.

To determine the distribution of fracturing in the mountain massif in the process
of mining, the results of seismological observations carried out at the «Mine named
after O.F. Zasiadka» field were used, applying the Polish seismic system
"ARAMIS"[4]. This system records the seismic events resulting from cracking, fixes
the magnitude of their energy and determines the coordinates of the origin. Based on
the results of observations, a database was compiled, which was used to study the
seismic regime of the mine, selection of fracture zones and the dynamics of their
development.

The state of the massif was monitored during the working of the m; bed on the
18th eastern longwall, East inclined longwall (EIL) and 18 western one. The sensors
are placed in the plane of the m; bed in such a way as to monitor the rock mass in the
zones of stoping and development workings. This arrangement made it possible to
cover with representative observations a mine field with a total area of about 10 km?.

Recorded seismic events for the period 2009-2013, projected onto the plane, are
shown in Fig. 2. On average, 300-400 events were recorded at the mine during the
month. For the period 2009-2013 15356 were recorded. The magnitude of the relative
energy of origins ranged from 10" to 10° conventional units [4].

The location of the centers of seismic events has a certain order in space and in
time. A generalized analysis of the mining and seismicity cycles revealed their close
relationship. When assessing the impact of mining on seismic activity, it was found
that up to 70% of all events occur within the developed areas of a mine field, and in
areas adjacent to mining operations up to 200 m — 20% of events. The remaining 10%
refers to various dynamic processes occurring in the massif.

EIL and EIL Ne 3 were developed upon the rise. To the left of them is an
unspoiled massif, complicated by tectonic disturbances. EIL and EIL Ne 3 are
characterized by high values of the origins relative energy (10°-10° conventional
units) of recorded events. The peculiarity of the EIL mining is the fact that the fixed
origins of seismic events are distributed over a large area, far beyond the perimeter of
the longwall (see Fig. 2). It is quite conceivable that the high activity of fracturing is
due to the fact that the section is in a shear zone, which according to the data is
currently active. According to seismic observations, multiple fracturing occurred in
the middle part of the longwall. Fracturing was confirmed when observing the
longwall by a P-1 strength testing. The recorded strength reductions coincide with the
areas of increased fracturing, which is consistent with the data obtained by the
seismic method.
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Figure 1 — Seismic events of varying intensity recorded during mining of the m3 bed for the period

2009-2013: 1 — projections onto the plane of epicenters of seismic events; 2 — the direction of
mining longwall; 3 — tectonic disturbances

Seismological data obtained at the section of the accident and fixed the fracturing
revealed a zone of weakened fractured rocks extending 300 m south-east of the D-5
well and 170 m north-west of the D-5 (all in the line of the Eastern inclined longwall
Ne 3).

Seismological studies have shown that the recorded seismic events in the massif
form zones with the same orientation as the gravimetric anomalies, and are confined
to negative gravitational anomalies, that is, to the zones of weakened rocks.

Increased fracturing of the section is confirmed by geological documentation of
mine workings. So, on the EIL Ne 3 sketch from February 19, 2015, from the air
passage upwards 2 zones of fracturing (brecciation) of the roof in the ms; bed are
marked — the first is at a distance of 50 m with a thickness of 10 m, and the second is
at a distance of 85 m with a thickness of 30 m (at the moment the accident it was
already mined-out space). When sketching a conveyor pass, cracks and erosions were
also recorded (PC: 116 + 5.3 m; 117 + 1.2 m; 135 + 6.2 m; 146 + 4.5 m - 145 + 8 m).
Coal in the zones of tectonic disturbance is dull, its tendency to spontaneous
combustion is higher. These zones coincide with the expected place of methane
breakthrough and its ignition.

Owing to the relatively high thickness of the mz working bed (up to 1.65 m), the
calculated zone of influence of its mine workings strikes upwards from 206 m (for
coal beds) to 118 m (for sandstones). In this interval, 2 thick gas-bearing sandstones
are located in the roof of the m; bed - m,"SM," in 42 meters higher and m,*Sms 100
meters higher. Both of them are in the drainage zone of EIL No. 3, but the gas
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recovery factors are different (kqeq = 0.54 and 0.15, respectively). In the presence of
fracturing zones, the degassing coefficient of sandstones rises sharply, as does the
volumes of methane emission from them.

During the development of the EIL and EIL Ne 3 of the m; bed, located to the
westward (and further from the bend of strata zone), even if these decompression
zones were opened, they did not get development. So when EIL development there
was a downpour and an increased fracturing. In the influence zone of this longwall
(in the arch) in decompression zones, fractured accumulations of methane were
formed. These inflows of methane to the mine workings were regulated by a
ventilation and degassing system. Therefore, these workings were not classified as
dangerous due to gas shows.

EIL No. 3, located above (and closer to the bend of strata in the m; bed), where
the accident occurred, was already worked out in the disturbed massif, where the
decompression of the rocks is greater. In case of massif disturbance — caving of the
hung roof at a distance of 40 m, this zone began to “work”, fractures opened and
methane migrated into the mine workings from the additional underworked and
overworked strata. At the same time, the decompression zone connected the mined-
out space of the underlying eastern inclined longwall with EIL Ne 3, where
gasification occurred.

Most likely, the smoldering coal in the mined-out space during the breakthrough
and “blowing” with methane caught fire and outbursted. Methane explosions
occurred where the concentration was explosive 5-16%, and methane ignited and
burned at higher concentrations. Considering the predicted place of ignition in the
mined-out space, it can be assumed that the flame “ran” along the developed longwell
space up and down to the conveyor and air passages and along them to areas where
the methane concentration was less than 16%, where the outbursts occurred. The
breakthrough of methane occurred there in the mined-out space of the EIL Ne 3,
which caused the inflow of methane from highly permeable cavities in the zone of
disturbed rocks in a catastrophically short time, in large volumes and under high
pressure.

Conclusions. Specific geological-structural conditions of the EIL Ne 3 of the m;
bed at the «Mine named after O.F. Zasiadka» led to the formation of a gas-saturated
zone, which is in hydrodynamic equilibrium with the massif. This zone is
characterized by increased fracturing. After working the EIL Ne 3, the gas-saturated
zone turned out to be in a disturbed and weakened mined-out space. The disturbance
and weakness of the mined-out space was due to the working below longwall and the
caving of a large area of the hung roof. Under the influence of depression cracks
opened, “dumb” in the unloaded mass, which led to the breakthrough of methane and
Instantaneous gasification of the workings, and, consequently, to the accident.

Thus, gassing of the EIL Ne 3 of the mz bed at the «Mine named after
O.F. Zasiadka» caused by a combination of mining-geological conditions. The main
geological factor is the presence of a synclinal fold, characterized by increased
fracturing. Mapping of local structures and the use of seismological observations
make it possible to effectively identify gas-saturated zones and correct degassing
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projects and parameters of ways to prepare workings.
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tbakTopiB, L0 BANMHYNW Ha 3arasyBaHHs CxigHoi yxunbHoi naem Ne3 nnacta ms po3TallosaHoi Ha noni «LWaxtv im. O.9.
3acsgbkay. [1ns QOCArHEHHs NOCTABMEHOI METW BUKOHAHO KOMMEKC AOCTIMKEHb. Liei KOMNMeKC BKMOYAE BUBYEHHS i
y3aranbHeHHs hakTUYHOrO reonorivyHOro MaTepiany, pesynbTatis 4ochimKeHb reodisnyHUMK MeTogaMu: rpasipo3Bigka i
CEeNCMONOTiYHNIA MOHITOPUHT, NpoBeaeHM Ha noni «LWaxtu im. O.0. 3acsabka». B poboTi 3acTocoByBaBCS aHANITUYHNIA
MeTOA BUAINEHHS MO3UTUBHWUX FOKaNbHUX CTPYKTYP (TPeHd-aHania moBepxHi BYriflbHUX NnacTiB i nickoswkis). [ns
BW3HAYEHHS PO3NOAINY TPILUMHYBATOCTI B FPCbKOMY MacwBi B MPOLECI MpHWYMX POOGIT BMKOPWUCTaHi pesynbTaty
CEeNCMONOrivYHNX crocTepexeHb, npoBegeHux Ha noni «llaxtn im. O.0. 3acsagbka», i3 3aCTOCYBaHHAM MOMLCHKOI
cencmivHoOi cuctemn «ARAMIS». [laHa cuctema peectpye CeNCcMiYHi SBuLLa, SKi YTBOPIOKOTLCS B pesynbTaTi PO3KpUTTS
TPIlUMH, (DiKCyE BEMMUMHY iX €Heprii i BM3HAYae KOOPAMHATM BOTHMWA. Ha OCHOBI OTpUMaHMX pe3ynbraTtiB
crocTepexeHb CknaaeHa 6asa gaHux, sika Oyna BMKOPUCTaHA ANst BUBYEHHS CECMIYHOTO PEXMMY LIaXTW, BUAINEHHS
HECMOKIMHUX 30H | AuHamikn ix po3suTky. CeicmornoriyHi JOCRIZXEHHs noKasanmW, O CelCcMivHi sBuMwa, SiKi
PEECTPYIOTHCS B MACWBI, YTBOPIOIOTH 30HU, LLO MatOTb TaKe X OPIEHTYBaHHS, L0 i rpaBiMEeTPUYHi aHoManii, i NoB'A3aHi 3
HeraTMBHUMM rpaBiTaLiiHUMK aHoManismMm, To06T0, 40 30H PO3YLLinbHEHNX nopia. OCHOBHUM reomnoriYHUM (hakTopoM €
HasBHICTb CUHKMIHAMBHOI CKINadKKM, sika XapakTepu3yeTbes MiABMLLEHOK TpiwmHyBaTicTio. MobygoBa kapT nokanbHUX
CTPYKTYP | BUKOPWUCTAHHS CEMCMOSOMYHMX CMOCTEPEXEHb [03BONSATL €(EKTUBHO BWAINATW ra30HaCUYeHi 30HU i
KopWryBaTV NPOEKTM Jerasalii i napameTpu cnocobis nigroToBKM BUPOOOK.

KntoyoBi cnoBa: rasoHacuyeHa 30Ha, JflOKafbHa CTPYKTYpa, CEMCMOSOMYHWA  MOHITOPUHT,  PO3MOgif
TPILLMHYBATOCTI.

AHHoTauusA. B pabote nokasaHo, YTO 3arasvpoBaHue BocTouHoW yknoHHoW naBbl Ne3 nnacta ms «LaxTb
um. A.®. 3acsaabko» BbI3BAHO COYETAHMEM TOPHO-TEONOTMYECKMX YCnoBuiA. Llenbto paboTel sIBNsSiETCA onpegenexve
OCHOBHbIX FEONOrMYeckux (hakTopoB, MOBAMSBLIMX HA 3arasupoBaHue BOCTOYHOW YknoHHOM nasbl Ne3 nnacta ms,
pacnonoxeHHoi Ha none «LlaxTtbl um. A.®. 3acaabko». [Ing QOCTUXEHUS NOCTABMEHHOM LENW BbINONHEH KOMMMEKC
“ccnepgoBaHW. OTOT KOMMMEKC BKMOYaeT u3yyeHne 1 obobuieHne haKTUYECKOro reomnorMyeckoro matepumana,
pesynbTaToB WUCCMefoBaHUA  reoU3MYECKUMU  METOAAMM: rpaBupasBedka U CEMCMOMOMMYECKMA  MOHUTOPUHT
npoBeaeHHb Ha none «LWaxtel um. A.®. 3acagbko». B pabote npuMEHSNCs aHanNMTUYECKUA METOL BblgeneHus
MOMOXWUTENbHBLIX NOKarbHbIX CTPYKTYP (TPEHA-aHanmM3 MOBEPXHOCTW YrofbHbIX MacToB M MecyaHukos). [ng
OnpeaeneHns pacnpefeneHns TPEeLrHOBATOCT B TOPHOM MaccvBe B MpOLEecce FOpHbIX paboT MCronb3oBaHbl
pesynbTaTbl CECMOMNOrNYeckmx HabmogeHun, nposoguMbix Ha none «laxtel um. A.®. 3acsgbko», C NPUMEHEHVEM
nonbckoi  cemcmmyeckon cuctembl  «ARAMIS». [daHHas cuctemMa PErucTpupyet CeMCMUYeckne  SBReHus,
obpasytoLmecs B pesynbTaTte packpbiTS TPELLWH, (PUKCUPYET BEMUYMHY UX SHEPTUN 1 ONpeaensieT KOOpAMHaTbl ovara.
Ha ocHoBe nonydyeHHbIX pe3ynbTaToB HabmogeHwi coctaBrneHa 6asa faHHbIX, koTopas Obina ucnonb3oBaHa Ans
W3y4YeHUS CEMCMMYECKOrO PEeXMMA  LUaxTbl, BbIAENEHUS HECMOKOMHbIX 30H U AMHAMWKM WX  PasBUTUS.
Celicmonoryeckme UCCNeaoBaHMs Mokasanu, YTO PEerucTpupyemble CEMCMUYECKMe SBMEHMs B Maccuse obpasytoT
30Hbl, UMEIOWME Ty KE OPWUEHTUPOBKY, YTO U TPaBUMETPUYECKME aHOManmuMW, M MPUYPOYEHbl K OTpULATEMNbHLIM
rpaBMTALMOHHBIM aHOManusAM, T.e. K 30HaM pa3ynrioTHeHHbIX Nopod. OCHOBHBIM reonornyeckuM akTopom SBISeTCs
HamMuMe CWHKMMHAMNBHOW CKMagKW, XapaKTepusylowencs MOBbILEHHOW TPELMHOBATOCTLIO. [loCTpoeHne  kapT
NOKanbHbIX CTPYKTYP ¥ WCMONb30BaHWE CENCMONOrNyeckux HabnogeHnn nossonsoT 3MEEKTUBHO BbiAENsTh
ra30HacCbILLEHHbIE 30HbI 1 KOPPEKTUPOBATL NMPOEKTbI AerasaLui 1 napameTpbl cnocoboB NOArOTOBKM BbIPabOTOK.

KntoueBble cnoBa: rasoHacbllleHHas 30Ha, fOKanbHas CTPYKTYpa, CEACMOMOTMYECKUA  MOHWUTOPUHT,
pacnpeferneHne TpeLLMHOBaTOoCTy.

Cmamms Haditiwna do pedakuii 08.07. 2019.
PexomerdosaHo Ao dpyky d-pom mexH. Hayk O.B. bypyakom.



