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Abstract. The paper describes the method for safe driving preparatory roadway in gas-saturated rocks prone to
gas-dynamic phenomena by applying a set of additional measures to ensure outburst safety in the underground space.

As a result of the analysis of different methods for driving preparatory roadway in gas-saturated rocks prone to gas-
dynamic phenomena, the authors of this article designed a new safest method for driving preparatory roadway in gas-
saturated rocks prone to gas-dynamic phenomena at the level of the Ukrainian patent No. 151296 for utility model. In
order to ensure outburst safety while driving preparatory roadway, additional technological measures must be taken to
prevent outburst of coal and gas before heading machine starts to work.

The method includes preliminary drilling of degassing, unloading and injection boreholes in the mine face plane. Be-
fore the driving, preliminary reliable information about the categorical need for degassing of the near face zone of rock
massif must be obtained. After the degassing, a decision on the safety of further driving with mechanical destruction of
the mine face by a heading machine should be made if the following simultaneously obtained indicators are: the gas
pressure in the sealed axial injection borehole after degassing is not more than 0.5 MPa; the gas concentration around
mine face is not more than 1%; the diameter deformation of discharge holes is not less than 20% from their initial value.

The developed method is carried out by a device consisting of a reinforced rubber flexible hose with seals installed
at its ends, inlet and outlet faucets for supplying water to the sealer and draining it away. A metal probe (tube) with a
length exceeding the length of the daily works heading is placed in the seals of the sealer with a sliding fit. The metal
probe is connected to a pressure gauge. The device is placed in the cavity of a borehole drilled in the centre of the mine
face surface along the direction of the preparatory roadway drivage to the depth equal to the length of the daily works
heading. After sealing the borehole, the gas pressure in the cavity behind the sealer is measured along its entire length.

The implementation of the developed method for safe driving preparatory roadway in gas-saturated rocks prone to
gas-dynamic phenomena by a heading machine can give a good technical result to the mining industry - a significant
safety improvement of preparatory roadway drivage, as well as provision of stable speed and continuous mine working
as a result of the applying technological measures for preventing sudden gas outbursts.
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1. Introduction

Nowadays, the preparatory roadway driving is carried out in highly gas-saturated
coal seams, as a rule, prone to gas-dynamic phenomena. Their exploitation causes the
release of methane and other gases from coal seams and host rocks, which contributes
to outbursts of coal, host rocks and gas. In recent years in Ukraine, methane explo-
sions in the underground mine workings mostly occurred in excavation areas with the
estimated methane release from 1.67 m*/min to 32.3 m*/min [1]. The facts of the oc-
curred explosions and their frequency increase in the areas with methane emission up
to 3 m*/min indicate the necessity of developing a method using a set of additional
measures to ensure emission safety in underground space during the preparatory
roadway driving in gas-saturated rocks prone to gas-dynamic phenomena.

The theory of sudden outbursts of coal and gas into the worked-out space (road-
way) asserts that in order to prevent gas-dynamic phenomena it is enough to fulfil
one of the following conditions:

- to reduce the stressed state of the gas-bearing coal massif;

- to reduce the gas pressure in the seam (change the gas content of the massif);
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- to change the properties of the seam [2].

The known methods to prevent gas-dynamic phenomena [3—6] have the following
disadvantages. There is no possibility of obtaining preliminary reliable information
about the categorical necessity of degassing the near face zone of rock massif, and
after degassing - information about the safety of further development heading with
mechanical destruction of the mine face by a heading machine.

The analysis of the developed methods to prevent gas-dynamic phenomena re-
vealed a problem - none of them guarantees the complete exclusion of the occurrence
of sudden outbursts of coal, rock and gas, as well as the lack of technological means
for timely obtaining preliminary reliable information about the safety of further de-
velopment heading by a heading machine. Therefore, the development of new meth-
ods and technological means in order to avoid the outburst hazard of gas-bearing coal
seams during development heading by heading machine is an actual problem nowa-
days.

The purpose of the research is to design a safe method for preparatory roadway
driving in gas-saturated rocks prone to gas-dynamic phenomena by using a set of ad-
ditional technological measures to ensure outburst safety in the underground space.

2. Method

On the basis of the analysis of information given in [7], the authors developed a
practically safe method for preparatory roadway driving in gas-saturated rocks prone
to gas-dynamic phenomena.

The implementation of the proposed method for preparatory roadway driving in
gas-saturated rocks prone to gas-dynamic phenomena by heading machine according
to [7] includes the preliminary drilling of degassing, unloading and injection bore-
holes in the plane of the mine face and subsequent mechanical destruction of the
mine face by working organ of the heading machine. Before beginning the preparato-
ry roadway drivage, the gas pressure must be measured in the borehole in the centre
of the mine face plane. This borehole should have a depth exceeding the length of
daily cycle of works heading. Measurements of gas pressure in the cavity of the
sealed axial borehole should be carried out at intervals not more than every 0.5 m. If
there is a definite need for degassing (hydro-loosening) of the near face zone of rock
massif (if gas pressure is 0.5 MPa and more), this axial borehole is used as an injec-
tion borehole. After the degassing and unloading of the near face zone of rock massif,
a control measurement of the gas pressure in the same injection hole is also taken for
at least one hour for obtaining reliable information about the safety of further me-
chanical destruction of the mine face by the working organ of the heading machine. A
decision on the safety of further development heading with mechanical destruction of
a mine face by a heading machine must be made if the simultaneously obtained indi-
cators are as follows: the gas pressure in the sealed axial injection borehole after de-
gassing is not more than 0.5 MPa; the gas concentration around mine face is not more
than 1%; the deformation of discharge holes diameter is not less than 20% from their
initial value.
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3. Results and discussion

The essence of the new method is explained in the drawing (Figure 1), which
shows the equipment for measuring gas pressure and the scheme for its placing in the
hole at a distance that is not less than the length of Lg + X, where Lg is the sealing
length (at least 0.5 m), and X is the depth of the daily cycle of works heading. Fig-
ure 2 demonstrates a cross-section of the development working with the equipment
placement scheme for measuring gas pressure in a pre-drilled borehole in the centre
of the face plane. The diagrams (Figs. 1 and 2) consist of a borehole sealer 1, at least
0.5 m long, with a fitting 2, to which a supply pipe 3 with a faucet 4 and an outlet
pipe 5 with faucet 6 are attached. A tube 7 is placed in borehole sealer 1, the free end
of which enters the borehole cavity. The second end of the tube 7, which goes out
from borehole sealer 1 into the worked-out space (roadway), is equipped with a pres-
sure gauge 8 and a device 9 for moving tube 7 in borehole sealer 1. Inlet pipe 3 is
connected to hydraulic pumping unit 10 with a flexible hose 11. Hydraulic pumping
unit 10 is placed on a heading machine 12 and is connected to a water fire fighting
unit 13 through a flexible hose 14 with a faucet 15.
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Lg - length of sealing (not less than 0.5 m); X - depth of the daily cycle of works heading

Figure 1 — Equipment for measuring gas pressure and its placement diagram in the borehole
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Figure 2 — Equipment placement scheme for measuring gas pressure in a pre-drilled by a heading
machine borehole in the centre of the face plane of development working
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The developed method for safe preparatory roadway driving in gas-bearing rocks
prone to gas-dynamic phenomena by heading machine is carried out as follows. Seal-
er 1 (Figures 1, 2), equipped with tube 7, supply pipe 3 with faucet 4, outlet pipe 5
with faucet 6 and pressure gauge 8, is placed in the borehole cavity to a depth of at
least 0.5 m. When faucet 6 on outlet pipe 5 is closed, faucet 15 on flexible hose 14 is
opened, hydraulic pump unit 10 is turned on and water is fed into sealer 1 through
opened faucet 4 under pressure of 10 to 15 MPa. At constant water pressure, the seal-
er seals the borehole mouth. The sealed cavity of the borehole is connected through
tube 7 to manometer 8, which measures the value of the gas pressure in the borehole
cavity. Then hydraulic unit 10 is turned off, faucet 4 is closed, faucet 6 is opened and
tube 7 is manually moved in the cavity of the sealer to a distance of not more than 0.5
m. Gas pressure measurements are taken at intervals of every 0.5 m along the bore-
hole. According to [7], when the gas pressure in the borehole cavity is 0.5 MPa and
more, the operation on degassing and unloading of the working face area of massif is
performed [8].

After degassing according to [8], a control measurement of the gas pressure is car-
ried out according to [7] for at least one hour for obtaining reliable information about
the safety of further mechanical destruction of the working face by the working organ
of the heading machine. When simultaneously obtained indicators are as follows: the
gas pressure in the sealed axial injection borehole after degassing is not more than 0.5
MPa, the gas concentration in the cavity of the injection borehole and in the working
face area is not more than 1%, as well as the deformation of the discharge boreholes
is not less than 20% of their of the initial diameter, a decision on the safety of further
development heading with mechanical destruction of the mine face by the heading
machine is made according to [9].

4. Conclusions

The method of safe preparatory roadway driving in gas-saturated rocks prone to
gas-dynamic phenomena was worked out. The implementation of the developed
method can give a good technical result to the mining industry - a significant safety
improvement of preparatory roadway drivage in gas-saturated rocks prone to gas-
dynamic phenomena by the heading machine, as well as provision of a stable speed
and continuous operation of gallery as a result of the applying technological measures
to prevent sudden gas outburst. These measures consist in timely obtaining prelimi-
nary reliable information about the categorical necessity of degassing the near mine
face zone of the rock massif, and after the degassing - information about the safety of
further development heading with mechanical destruction of the mine face by the
working organ of the heading machine.
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Cnocle NMPOBEMEHHSA NIArOTOBYOI BUPOBKWU MO FA30HACUYEHUX MPCbKUX MOPOMAX,
CXUNbHUX OO TASOANHAMIYHUX ABULL

Minees C.I1., Bacunbes J1.M., Tpoxumeub M.A., Manbuesa B.€., BanywkiH €.0.,
lNonywuHa M. B.

AHoTauis. B cTatTi onucaHo cnocib 6e3neyHoro npoBeaeHHS NiAroTOBYOI BUPOOKM NO ra3oHaCMYEHMX FipCbKUX No-
pojax, CXMnbHUX A0 rasoguHamiyHux asuwy (FOA), 3 3acToCyBaHHAM KOMMMEKCY JO4ATKOBUX TEXHOMOMYHWX 3aXOAiB
oo 3abe3neyeHHs BUKM0Oe3neky B Nig3eMHOMY MPOCTOPI.

Ha ocHoBi aHaniay iCHytouMx cnocobiB NpoBeAeHHS NiGroTOBYOI BUPODKM MO ra3oHaCUYEHMX MipCbKUX Nopogax, CXu-
nbHKx 0o [OA, Ha piBHi naTeHTy Ykpainu Ha kopucHy moaenb Ne 151296 po3pobneHo HoBUIA HabinbL Be3neyHuii cno-
cib npoBeAeHHs NiArotToBYoi BUPOOKM MO ra3oHaCUYeHMX MPCbKMX nopogax, cxunbHux go MOA. Mpu 34incHeHH: Lporo
cnocoby, ansa 3abe3neyeHHst BUkMgobe3nekun, 3aCTOCOBYIOTb KOMMIEKC A0AATKOBMX TEXHOMOMYHMX 3aX04iB oo 3ano-
BiraHHa panToBMM BUKWAAM BYTiNNs Ta rasy nepes noyaTkom NpoBeAeHHs pobiT NpoXigHMLBKMM KOMGatHOM.

Cnocib Bkroyae nonepeaHe BypiHHA ferasauifiHiX, pO3BaHTaXyBanbHIUX Ta HarHiTanbHUX WNypiB B NAOLMHI BU6OKO
BMpoObKK. Mepen NoYaTKOM BUKOHAHHS NPOXiAHULBKMX POGIT MO NPOBEAEHHIO BUPOBKM NONepeaHbO OTPUMYIOTb JOCTOBI-
PHY iH(bOpMaLito MPO KaTeropuyHy HeobXigHICTb Aerasauii npuBMOGINHOI 30HM ripcbkoro mMacusy. A micns gerasauii no
O[HOYACHOMY OTPUMaHHKO MOKA3HMKIB, TaKWX SIK: TUCK rasy B 3arepMeT30BaHOMY OCbOBOMY HarHiTasibHOMY Lnypi nicns
perasauii He 6inbwe 0,5 MlMa, koHueHTpawis rady 6ins Buboto Bupobku He GinbLue 1%, a Takox He meHwe 20% aedop-
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MaLis po3BaHTaxyBanbHUX LUMYpPIB Bif iX MOYATKOBOMO AiaMeTpy, NpuUiMatoTh PilleHHs nMpo 6e3neyHicTb noganbLworo
MPOBEOEHHS MPOXiOHULLKMX POBIT LWNSIXOM MEXaHIYHOro pyinHyBaHHS BOOK BUPOOKM NPOXIOHNLbKAM KOMOANHOM.

Po3pobneHuin cnocit 3gifcHIoTL 3a 4OMOMOTOK NMPUCTPOLD, SKWIA CKNAAAETHCA 3 TYMOBOrO apMOBAHOI0 rHY4KOro
pyKaBa, Ha KiHLi SIKOro 3akpinneHi yLinbHUKW, @ M HUMK NigBigHWA Ta BIgBIGHWI KpaHW Ang nogadi Bogu y repmeTusa-
TOP Ta CNyCKy 3 HbOrO. B yLinbHMKax repmeTaaTopa no KoB3Hil NocafLi po3MilLeHnin MeTanesui Wwyn (Tpybka) SOBXu-
HOH, WO nepebinbluye fOBXMHY [060BOr0 NPOBEAEHHS BUPOOKM. MeTanesui Lwyn 3'eaHaHui 3 MaHOMeTpoM. [MpucTpin
PO3MILLYIOTb Y MOPOXHMHI Lnypa, NpobypeHoro B LIEHTPi MOBEPXHi BUOOK No xoay BUPOOKK Ha rMMOUHY JOBXMHOKW A0-
GoBoro ii npoBegeHHs. llicns repmeTusadii Wnypa 34INCHIOIOTL BUMIP TUCKY rady y MOPOXHWHI 33 repMeTU3aTopoM Mo
BCil JOBXMHI.

BnpoBamkeHHs po3pobneHoro cnocoby B ripHUYY ranysb MOXe OaTh TEXHIYHWUIA pe3ynbTaT — 3HAYHE MiABULLEHHS
piBHS 6e3nekn Npu 3aiMCHEHHI cnocoba NpoBeAeHHS MiAroTOBYOI BUPODKW MO ra30HaCUYEHNX TipCbKUX NOPoAaXx, CXunb-
Hux 0o [IA, npoxigHULBKMM KOMOAMHOM, a Takox 3abe3neyeHHs CTabinbHOI WBMAKOCTI MPOBEAEHHS BUPOOKM | Ge3ne-
pepBHOI poboTK BHACMROK peanisaLii TeXHOMorivHMX 3acobiB Logo 3anobiraHHs panToBUM BUKWAAM BYTins Ta rasy.

Kntovosi cnoga: nigrotoBya Bupobka, ra3oguHamivHi SBuLLa, Aerasayis, NpoxXigHULbKIA KOMOaIH.
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