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Annotation. The article is devoted to the analysis of the mine instrumental measurements results of the local
degassing system mj seam at the horizon of 1100 m of the mine named after V.M. Bazhanova of State Company
“Makiivugillia”. This is necessary to establish its basic rational parameters, followed by the use of a biotechnological
method to reduce the concentration of methane in the atmosphere of mine workings. As a result of mine instrumental
measurements (vacuum-gas surveys at the mouths of rising boreholes) the conditions for the use of methane capture by
degassing boreholes, the parameters of the degassing process (methane production at the mouths of rising degassing
boreholes and the average pressure on them, differential pressure on diaphragms, concentration methane in the gas-air
mixture, as well as the efficiency criterion), technological parameters (angle of rotation and inclination of the boreholes,
their length and diameter, casing of the wellhead pipes with a diameter of 100 mm or more, and the installation of
conductors), the efficiency of the boreholes flow rate depending on the distance to the bottom of the longwall and the
shift in the over- and undermined rocks are carried out according to the normative methodology. To optimize the
parameters of the mixture being captured, it is necessary to quickly control the flow rate of boreholes and
underpreassure at their borehole heads, taking into account the displacement parameters in specific mining-geological
and mining engineering conditions of the coal seam excavation. Methods of such control can be the installation of
diaphragms at the borehole heads or downhole water ejectors. The developed degassing system is dynamic, it means,
until longwalls moves, new rising boreholes were put into operation and boreholes that lost productivity in mine methane
were shut off. The use of biofilters will make it possible to control the concentration of methane in the atmosphere of
mine workings, reducing it by 3-4 times, by the methanotrophic bacteria, to ensure safe working conditions for miners
and also gain experience in producing biomass from methane.

Keywords: mine methane, degassing, boreholes, biomass, bacteria.

Introduction. Currently, in the Donbas mines, the most widely used methods are
the degassing of sites, based on methane captage through underground drainage wells
drilled from development working. With the further deepening of mining, this
method of degassing will not lose its prevalence due to its continuous improvement.

The concept of rational use of the subsoil provides for maximum extraction of
energy from coal mines [1, 2]. Subsequent degassing of the plots should ensure safe
mining conditions. This can be applied biotechnological methods of degassing [3],
the effectiveness of which increases with the deepening of mining and the associated
increase in temperature and methane concentration.
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Like any technology, the degassing of underground wells has several
disadvantages. Of them, the most significant are: relatively low productivity of
methane due to low vacuum at borehole heads, long pipelines, significant air inflow
into wells due to impaired leakage of their borehole head casing or part-time mining.
Due to the influence of these and a number of other factors, in the whole Donbass,
from 28 % to 45 % of the volume of methane captured was utilized [4-6]. At most of
the mines, methane is underpressured into the atmosphere as coal mining waste, and
at a number of mines the degassing systems are operated extremely inefficiently,
without ensuring the safety of mining operations. With increasing loads on the
longwall, the requirements for the quality of methane capturing by local wells
increase.

Uncertainty of the moments of connection, shutdown of wells and operational
control of the capturing of methane leads to unjustified air leaks into the degassing
system from the mined-out space and mine workings, reduces the efficiency of gas
emission control at the site.

Previously known methods of dealing with air leakage [7] prevent them only in
the borehole head. In the case of the presence of aerodynamic connection of wells
with the mined-out space, it is almost impossible to eliminate the suction.

Thus, the study of the work of the local gas drainage system is relevant for
improving the technological parameters of capturing coal mine methane, ensuring the
safety of mining operations and improving the condition of the extracted gas mixture
for its subsequent utilization. The scientific substantiation of the functioning
parameters of the degassing system is possible only on the basis of an analysis of the
causal relationship between the processes occurring in the extraction district.

The purpose of the mine experimental studies was to establish the main rational
technological parameters of the operation of the local drainage system, represented
by the workable wells and the pipeline.

Methods. Research methods - mine instrumental measurements (vacuum-gas
surveys at the borehole head), mathematical processing of measurement results.

For the draining-out of gases of the site, the methane capture by wells drilled from
a mine with an interval of 15 m in the over- and undermined rocks in the direction of
the advance of the longwall was used. The angle of well turn to the mine is 35°, the
angle of inclination is 30-44°, the average angle is 37°. The length of the wells is 70 -
90 m, the average length is 71 m.

Vacuum and gas surveys at the borehole head of the rising degassing wells were
performed during 1 month of the site, at an average speed of longwall advance 2.5
m/day. On the date of the first observation, the removal of longwall from the face
entry was about 700 m, the next well closest to it was connected to the degassing
pipeline 25 m from the longwall. Thus, the degassing system was dynamic: as the
face run, new wells were put into operation and the lost methane production was
turned off.

Surveying was performed according to the standard procedure [7]. Based on the
measurements of the vacuum at the borehole heads, the pressure drop across the
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diaphragms and the concentration of methane in the mixture, the flow rate of methane
from the wells was calculated.

Results and discussion. We carried out an analysis of the work of the precinct
drainage system during the excavation of the ms reservoir by the 2nd eastern longwall
mine. V.M. Bazhanova on the adit level 1100 m. The seam is fulfilled by a solid
system with a complete collapse of the roof. Reservoir output capacity is 1.60 m. The
longwall ventilation scheme is reciprocally accurate, with a cooling and
underpressure of the outgoing jet through the ventilation mine roadway following the
longwall. The mine roadway was guarded by gob pack of rock extracted during its
conduct.

Analysis of the results of measurements of rarefaction at the borehole heads
showed that the average rarefaction across the site was 3.7 kPa (57 % of the standard
[8] value) with the minimum underpressure pressure at the site equal to 39 % of the
standard. The dependence of the underpressure at the borehole heads on the distance
to the face of the longwall is shown in Figure 1.
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Figure 1 - The dependence of the underpressure P on the collar of the degassing wells on the
distance to the longwall |

For all observations, a regular decrease in the underpressure in the direction from
the face entry to the face of the longwall was observed, which is associated with the
gas flow rate from the wells. After bringing the position of the borehole heads to a
quasistatic state of the face of the longwall, we obtained a set of points reflecting the
dependence of the vacuum P on the borehole heads from the distance | to the face of
the longwall. Obviously, there is a fairly close relationship between the signs, which
can be functionally approximated by an exponential dependence of the form
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P:P0+a-m',Pa,

where P, — minimum underpreassure in the degassing station, timed to the well
closest to the longwall at the time of its connection to the system, Pa; a, m — empirical
coefficients taking into account the technological parameters of degassing and mining
and geological conditions of the reservoir development.

Thus, with this development system and the degassing scheme of the plot, the
dependence of the underpressure at the borehole heads is described by an exponential
function. The underpressure at the borehole heads depends on their location relative
to the face of the longwall, or, more precisely, on the position of their working part in
the shift trough of undermine rocks. The closer the borehole head to the longwall, the
less underpressure in it. This indicates that in addition to the influence of gas flow as
the mixture moves to the boundary of the site, the productive part of each well is
consistently located in the zones of the shift trough, for which the parameters of gas
pressure, permeability and gas emission of rocks are different.

The absence of working wells at long intervals between wells allowed us to
establish the parameters of air inflow into the local pipeline through the conduit
joints. Under these conditions, the decrease in underpressure was 0.3 Pa per 1
running meter, or 4 % for the whole site. With such an intensity of air inleakage, the
total air flow into the stand at the joints averaged 0.51 m*/min and, with an average
total methane consumption of 11.5 m*min, caused an additional decrease in its
concentration by 4 %.

One of the parameters of the degassing system is the average for the site
underpressure at the borehole heads (Fig. 2). At the first observation at 13 operating
wells, the average underpressure was 3.85 kPa, at the second, at 14 wells - 3.81 kPa,
at the third (11 wells) it decreased and amounted to 3.67 kPa, that is, with an increase
and a subsequent decrease working wells rarefaction monotonously decreased.
Further, with an increase in the number of active wells to 12, the underpressure
sharply decreased. On the last observation, with 11 wells (as well as on the 3rd) the
underpressure were almost equal.
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Figure 2 - The total number of operating degassing wells n,, (1) and the average underpressure in
them Py, (2)
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This indicates that the number of simultaneously operating wells does not
determine the average depression over the section at their collars.

One of the main parameters of the functioning of the local drainage system is the
flow rate of wells.

To estimate the distribution of methane production from wells, the bottom of the
longwall was assumed quasi-static, and the data for all observations were shifted
along the abscissa axis in accordance with the face advance. Air drift was divided
into 10-meter intervals and determined the average flow rates of wells (Fig. 3).

O, %
m'/mim +100

1.7 1 190

1.6 T

180
L4t 170
1.2 160
1 150
0.8 440
0.6 130
0.4 L 120

02 1 110

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 Lm

Figure 3 - Dependence of the flow rate of Qcna Of local degassing wells (1) and the concentration of
methane Ccng in the captured mixture (2) from the distance to the face of the longwall |

An analysis of the experimental data showed that the dependence Qcns=f(l) is
close to the normal distribution, where the extreme minimum of the well rate is
confined to a distance of 150-200 m from the face of the longwall. The wells located
on this interval do not make a significant contribution to the total flow rate; they
dilute the captured mixture with air from the mine atmosphere, reducing the
underpreassure in the local gas pipeline. Five wells closest to the longwall, give 64 %
of the total flow rate of methane, two wells, located at more than 260 meters from the
longwall - another 28 %. The remaining 4-7 wells operating at the site absorb only
8 % of the total volume of methane, including the most distant from longwall - up to
4 % each.

Therefore, from the point of view of the efficiency of capturing methane and
extracting the conditioned mixture, operational control of the operation of wells
should be applied at the site, for example, timely reducing the flow area of the
borehole head with movable dampers-diaphragm or other methods. Under these
conditions, it is necessary to operate the wells that are remote from the longwall to
100 m, then partially differentiate their flow rate, and after the longwall recoil by
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260 m and more, put them back into operation before the end of the excavation
district.

A similar pattern can also be traced in the change in the concentration of methane
in the capturing mixture (Fig. 3). In the wells closest to and farthest from the
longwall, the concentration of methane is 80-95 %, and the minimum concentration
(less than 50 %) is confined to the interval of 90-150 m from the longwall. Analysis
of the results of observations showed that according to the criterion of condition of
the captured mixture, it is necessary to reduce the productivity of wells, using the
operational management of its flow rate.

Analysis of the topology of the degassing wells shows that when their borehole
heads are located 90-150 m from the longwall, they are less effective in reducing gas
emission, and the normal line, lowered from the working part of the wells to the
formation plane, is 10-40 m from the longwall. In the same zone, as shown by the
results of research, there is a maximum efficiency of the microbiological filter created
in the mined-out space (methane concentration decreased by 3-4 times [3]), which
makes it advisable to use methane captage and degassing the mined-out space using
bacteria. In this case, the decrease in the efficiency of methane captage will be
compensated by its oxidation by bacteria.

Let us further consider the connection of the parameters of methane captage with
rock displacement under the conditions of a continuous system of development and
degassing of the top covers by wells drilled in the direction of the advance of the
longwall.

For dependences of the consumption of capturing methane and its concentration
in the mixture with distance from the longwall, shown in Figure 3, similar patterns
are observed.

Consequently, the close to normal distribution of methane production from wells
with the removal from the face of the longwall is associated with the displacement
and gas emission of undermine rocks of the top covers of been declining seam [9],
the formation of technogenic methane collectors. At the time of connection to the
degassing pipeline, the bottom of the well is located outside the zone of displacement
of rocks, the borehole head is cased at a length of 4 m and is protected by a gob pack
15 m wide. The main part of the well crosses the zone of technogenic collectors filled
with methane, which is under considerable pressure. Therefore, the wells closest to
the longwall are the most productive and capture gas with a high concentration of
methane, with a minimum within the site of underpressure on their borehole heads.

With the rejection of longwall, the well is in the stretching zone of the lower parts
of the seams of the undermining top covers, the gob pack is compacted and an
aerodynamic connection between the well and the undermining longwall space
appears.

The presence of air leaks in the mined-out space, as well as the depletion of
technogenic methane collectors occurring by that time, is accompanied by a decrease
in the flow rate of the well and the occurrence of significant air inleakages, reducing
the concentration of methane in the captured mixture.
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With further longwall recoil, the well moves to the zone of interstitial closing and
intersecting formation fractures, the gas permeability of rocks in the normal
formation direction decreases. This leads to a decrease in air inleakages and an
increase in vacuum in the well. In conjunction with a decrease in the intensity of air
leaks in the mined-out space, these processes are accompanied by an increase in the
flow rate of methane and an improvement in the condition of the captured mixture.

With the further movement of the half-trough of rock movement and the
penetration of a well over the collapsed and compacted rocks of the immediate top
covers, there is a slight residual flow rate of methane into the well from the mined-
out space and long-existing cavities of stratification of rocks above its fixed boundary
[10].

Conclusions. The displacement parameters of the undermined rocks determine
the parameters of methane capturing. With this system of development and the
method of degassing, there are regular changes in the flow rate of methane and its
concentration in the captured mixture with distance from the longwall.

To optimize the parameters of the mixture being captured, it is necessary to
quickly control the flow rate of wells and underpressure at their borehole heads,
taking into account the displacement parameters in specific mining-geological and
mining engineering conditions of the coal seam excavation. Methods of such control
can be the installation of diaphragms at the borehole heads or downhole water
ejectors.

The installation of biofilters at the borehole heads will allow not only to control
the concentration of methane in the atmosphere of mining, but also to reduce it by 3-4
times using methanotrophic bacteria.
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(I'TM HAH Ykpaihu), Hinpo, Ykpaixa, igtmdep16@gmail.com.

Cogpilicbkull KocmanmuH KocmsaHmuHoguY, [OKTOP TEXHIYHMX HayK, Npodecop, 3aBigyBay Biadiny npobnem TexHonorii
nig3eMHOM po3pobKW BYIOMbHBIX POAOBMLL, IHCTUTYT reoTexHiyHoi MexaHiku iM. M.C. MonsikoBa HauioHanbHoi akagemiiv Hayk
Ykpainu (I'TM HAH Ykpainu), AHinpo, YkpaiHa, igtmdep16@gmail.com.

AHorauis. CtaTTd NpucBaYeHa aHanidy pesynbTaTiB LUAXTHUX IHCTPYMEHTANbHUX BUMIPIOBAHb AiNbHUYHOI CUCTEMM
perasauii nnacta mz Ha ropusonti 1100 m waxtv im. B.M. baxaHosa [ «Makiiseyrinns». Lle HeobxigHo ans
BCTAHOBIEHHS 1i OCHOBHMX paLliOHaNbHWX NapameTpiB 3 noganblWyM 3acTOCyBaHHSM BioTexHonoriYHoro crnocoby
3HKEHHS KOHUeHTpaLji MeTaHy B atmocdepi ripHuumx BupoOOK. B pesynbTaTi MpoBEAEHMX 332 HOPMATMBHOHK
METOAMKOK LUAXTHUX IHCTPYMEHTaNbHUX BUMIPIOBaHb (BaKyyMHO-ra3oBKX 3OMOK Ha rupnax BUCXiBHUX CBEPAMOBWH)
BCTAHOBIEHI YMOBW 3aCTOCYBaHHSA KanTaxy MeTaHy AerasauiiHMMW CBEpAiOBWHaMM, napameTpu npouecy Aerasauii
(nebiT meTaHy Ha rupnax BMCXiQHUX AerasayiHuX CBEPASIOBWH i CepefHE PO3PIMKEHHS HA HUX, nepenagy TUCKY Ha
piacparmax, KOHLEeHTpaLlil MeTaHy B ra3onoBITPSIHIN CyMiLLi, @ TaKOX KpUTEPIi ePEKTUBHOCTI), TEXHONONiYHI napameTpu
(kyT po3BOPOTY i HAaxMNy CBEPAJIOBMH, iX AOBXWHA i giameTp, obcaaka rupna ceepanosuH Tpybamu giametpom 100 MM i
Binblue, i ycTaHoBKa KOHAYKTOPIB), edheKTUBHICTb 4ebiTy CBEpAnOBWH B 3aNeXHOCTI Bif BiACTaHi 4O BWOOK nasy i
3pyLUeHHs B Hag- i nigpobnoBaHux nopodax. [ns onTumisalii napameTpi kanToBaHOI CyMilli HEOBXigHO OnepaTUBHO
ynpaenatu LebiToM CBEPAMNOBWH i PO3PIMKEHHAM Ha iX rMpnax 3 ypaxyBaHHSM napaMeTpiB 3pYLUEHHS B KOHKPETHMX
TiPHUYO-TEOMNONYHMX i FiPHUYOTEXHIYHMX YMOBaX BMIMKW BYrinbHOrO nnacta. Cnocobamu Takoro ynpaeniHHS MOXYTb
ByTn ycTaHoBKa fiadhparm Ha rupnax CBepanoBuH abo BHYTPILUHBOCBEPAIOBUHHUM BOAAHMX exekTopi. PospobneHa
JerasauiiHa cuctemMa € AuWHaMiyHow, TOOTO B Mipy MOCYBaHHS NaBM BBOAMIMCA B €KCMyaTallitd HOBi BUCXIOHI
CBEPANOBMHM | BIKMIOYANM CBEPANOBUHK, SKi BTPATWNM MPOAYKTWUBHICTb. BukopucTaHHa GiodinbTpiB [O3BONUTHL
yNpaBnaTU KOHLEHTpALEl MeTaHy, 3HWxXylum ii B 3-4 pasn, B aTmocepi ripHnumx BUMpOBOK METaHOTPOHUMM
BakTepismu, 3abe3neuntn GeaneyHi yMoBW npaLi MipHUKIB, a Takox HabyTu AOCBIAY OTPUMaHHS Biomacu 3 MeTaHy.

KntouoBi cnoBa: WwaxTHuii MeTaH, Aerasadis, CBepanoBuHu, biomaca, baktepii.

AHHoTaumsA. CraTbsl MOCBALUEHA aHanW3y pPesynbTaToB LUAXTHBIX WHCTPYMEHTAMNbHbIX U3MEPEHWA Y4aCTKOBOM
[€erasalyoHHON cucteMbl nnacta ms Ha ropudoHte 1100 M waxtel um. B.M. BaxaHosa M1 «Makeesyronb». 310
HeobXoaMMO [N yCTaHOBMEHWS €€ OCHOBHbIX pPaLMOHanbHbIX NapaMeTpoB C NOCAEAYHLMM NPUMEHEHUEM
B1oTEXHOMOrMYECKOTO Crnocoba CHUXEHWUS! KOHLEHTpauuu MeTaHa B aTmocdepe ropHblx BbipaboTok. B pesynbrate
NPOBEAEHHbIX N0 HOPMATUBHOW METOAMKW LIAXTHbIX WHCTPYMEHTarbHbIX W3MEPEHW (BakyyMHO-Ta30BbIX CbEMOK Ha
YCTbSIX BOCCTAIOLLMX CKBAXMH) YCTAHOBIEHbI YCIIOBWS MPUMEHEHWS KanTaxa MeTaHa [erasausoHHbIMU CKBaXMHaMMU,
napameTpbl mpouecca Aerasaumv (gebut MeTaHa Ha YCTbSIX BOCCTalOLUMX AErasalyOHHbIX CKBaXUH W CpeaHee
paspsikeHue Ha HuX, nepenafa LaBfeHns Ha guadparmax, KOHLEHTpaLMM MeTaHa B ra30BO3AYLUHON CMECK, a Takke
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KpuTepuin ahEKTUBHOCTH), TEXHOMOTMYECKIME NAapamMeTpbl (Yron pa3BopoTa W HaKMOHa CKBAXMH, X ANVHA U auameTp,
obcagka ycTbs cksaxuH Tpybamu gnametpom 100 mm 1 Gonee, 1 ycTaHOBKA KOHAYKTOPOB), 3Gh(PEKTUMBHOCTL Aebuta
CKBaXMH B 3aBMCUMOCTW OT PacCTosiHUs 4O 3ab60s naBbl M COBWKEHWE B Hag- M nogpabatbiBaemblx nopopax. [Ans
ONTUMU3ALMA MapamMeTpoB KanTUpyemod cmecu HeoOXO4MMO onepaTvBHO YynpaBnsaTb AEOUTOM  CKBaXUH W
PaspexXeHNeM Ha WX YCTbSIX C Y4Y4ETOM MapamMeTpoB CABWKEHWS B  KOHKPETHbIX TOPHO-TEONOMMYECKUX W
TOPHOTEXHUYECKMX YCMOBUSIX BbIEMKM YronbHOro nnacta. Cnocobamu Takoro ynpaBneHunst MOryT SIBISITbCS YCTaHOBKa
Avagparm Ha YCTbsIX CKBXWH UMW BHYTPUCKBAXVUHHbBIX BOASHbIX 3XeKTopoB. PaspaboTaHHas aerasaumoHHas cuctema
SBNSETCA AMHAMWYECKOW, TO €CTb N0 Mepe MOABUraHWA NaBbl BBOAWMWCH B 3KCMyaTaLMl0 HOBblE BOCCTaLMe
CKB2)XVHbI M OTKIIOYANN CKBaXWHbI, NOTEPSIBLUME NPOAYKTMBHOCTL. cnomnb3oBaHue 61ogmnbTpoB NO3BOMNT YNpaBNsTh
KOHLIEHTpaLuen MeTaHa, CHukas eé B 3-4 pasa, B aTMOCepe ropHbIX BblpaboTkax MeTaHOTPOMHbIMK GakTepusmu,
obecneunts BesonacHele YCnoBums Tpyaa ropHopabounx, a Takke NpMobpecTy onbIT NonyveHns BroMacchl U3 MeTaHa.
KntoueBble cnoBa: LWaxTHLIN METaH, Aerasauys, CkBaxuHbl, buomacca, bakrepuu.

Cmamms Haditlwna do pedakuii 12.07. 2019.
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