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Annotation. The article discusses the effect of fluids on the properties of rocks. It is known that surface active
environments, including gas, can significantly change the mechanical characteristics of solids. To establish the
dependence of the effect of methane on the strength characteristics of rocks, the results of full-scale and laboratory
studies are considered. The experiments were carried out on samples of outburst sandstone formation ms, taken at a
depth of 915 m. Analysis of research results allowed to establish the effect of changes in gas saturation of rocks on their
mechanical properties before and after degassing and partial discharge of experimental areas after they have been
worked by wall face along ms formation. It has been established that the reason for the increase in drill ability and
strength of sandstones was their degassing, and not a change in the stress state of the environment. This led to a
change in the deformation properties of rocks in gas-saturated and degassed states. Shown, that the mechanical
characteristics of outburst and outburst-safe sandstones differ noticeably among themselves. But these differences are
clearly seen in the gas-saturated state of the rocks and are largely smoothed out when they are degassed. Sandstone
strength in outburst zones is on average f = 8, in outburst-safe f = 11, i.e. it differs 1.4 times. The results of experimental
studies have shown that methane, like other fluids, reduces the strength of outburst sandstones. This in particular can be
explained why, when tested on degassed samples taken in outburst and outburst-safe zones, the differences in strength
properties are not traced or expressed weakly, which leads to contradictory interpretations in assessing the causes of
local zonality of emissions. Shown, that the fact that the change in the mechanical characteristics of outburst sandstones
during their gas saturation and degassing occurs within the same limits indicates that mass transfer processes and the
degree of gas saturation of the rocks affect the change in properties and are not accompanied by irreversible changes in
the structure of the environment. It is established that decrease in strength and increase in deformation properties of
rocks in a gas-saturated state testify that for their destruction smaller tension and energy value are required. This is one
of the forms of influence of gas on outburst, which must be considered when studying the nature and mechanism of gas-
dynamic phenomena and quantifying their parameters.

Keywords: sandstone, stress state of the medium, gas saturation of rocks, mechanical properties, fluid, change in
strength.

Introduction. In oil, gas, chemical industries, much attention is paid to the search
for surface active agents (surfactants) that can change the strength properties of solid
environments and materials [1]. Aqueous solutions of surfactants are used to reduce
the strength when drilling oil and gas wells. It is known that surface-active
environments, including gas, can significantly change the mechanical characteristics
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of solid bodies [2].

So, the bottomhole and marginal part of coal seams is strengthened during
degassing [2, 3]. A change in the strength of coal by 25-30 % with saturation with
methane was confirmed under laboratory conditions [4, 5]. And the injection of water
with surfactant additives into coal seams is one of the ways to control emissions [6].

Outburst sandstones are gas-saturated and differ significantly in composition and
structure from coal. Therefore, it is of interest both to develop methods for
determining the mechanical characteristics of rock samples in a gas-saturated state,
and to study the properties of outburst sandstones during their gas saturation and
degassing [4, 7, 8].

In mine conditions, determination of the strength of sandstones of outburst and
outburst-safe zones can be obtained by boring, which characterizes the resistance of
the massif to destruction and is measured by drilling time per unit length of the well.

Research service. Areas of western and eastern field haulage drifts of the m3
seam within the mine field on the horizon of 915 m were selected as experimental
ones.

The selection of these areas was due to the need for their degassing and partial
unloading during the overhaul of the lavas, as well as the fact that 40 sandstone
emissions weighing up to 500 tons occurred during the workings.

In the soil of m; seam lies sandstone m,Sms; with a thickness of 30-40 m at
distance of 30 m. The natural gas content of the rocks varies between 0.5-3 m*/t. The
measured gas pressure in the massif reached 8 MPa, and the stresses measured by the
method of hydraulic fracturing were 35 MPa.

At all stages of the experimental work, the degree of gas saturation and the stress
state of the massif were controlled.

Methods. Within the experimental areas covering outburst and outburst-safe
zones of sandstone, core wells were drilled before the development of the overlying
coal seam began.

To obtain cores, an upgraded BGA-2m machine was used, having an adjustable
hydraulic feed, which was reequipped for core drilling.

To exclude the influence of technological factors, the mode of operation of the
machine, providing the standard performance, controlled and maintained at a constant
level:

- feed force 5 kN;

- pressure of compressed air in the pipeline 0.6 MPa;

- pressure 0.2 MPa;

- flushing fluid flow 10 I/min;

- spindle speed 115 rpm.

Carbide crowns with a diameter of 76 mm were used for boring, the replacement
of which was carried out through each linear meter of the well after core extraction.
By the time of meter boring, the value of drillability and its change along the well
length was determined. Boring was carried out across the strike and on the bedding.

Taking samples from those parts of the wells in which the core was not destroyed
on the disks, under laboratory conditions, the limits of the compressive strength of the
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samples and strength coefficient were determined according to the
M.M. Protodyakonov’s scale.

We established a correlation between strength and drillability. By extrapolation,
the strength of rocks was determined from the drillability of those parts of the massif
in which the core was destroyed on disks.

In order to analyze the effect of changes in gas saturation of rocks on their
mechanical properties, according to field observations, a similar cycle of research
was carried out after degassing and partial unloading of experimental areas after they
were worked out by lavas along the formation m3.

New core wells were drilled within the experimental areas at distance of 1-2 m
from previous wells drilled earlier in an intact massif.

After that, a comparative analysis was made.

Results and discussion. The relationship between rock drillability and its
strength in general form is expressed by the equation of displaced hyperbola with
vertical asymptote:

f=ft/t+t) (1)

where t,— rock drillability, min/m; f,, — empirical coefficient, constant for a specific
type of boring, the value of which is equal to the asymptotic value of the coefficient
of the massif’s strength; ty — drillability coefficient, equal in value to rock drillability
with a strength coefficient f/2. The constant parameters of equation (1) are
determined by the least square’s method f,=18, t,=5.

In this case, by drillability, the strength of outburst sandstones can be determined
in those parts of the massif in which the core was divided into disks during the
drilling of wells (Fig. 1, 2 shaded areas).

The results obtained for wells drilled across the strike of rocks are shown in
Figure 1, according to the bedding of rocks in Figure 2.

Figure 1la and Figure 1b reflect the patterns of changes in the monitored
parameters in the intact massif, the Figure 1c — after its partial discharge and
degassing.

The abscissa axis shows the distance from the wellhead. The zones in which the
cores were divided into disks were shaded for clarity. Polylines 1 reflect the change
in drillability along the length of the wells. Its values are averaged over each running
meter. Polylines 2 are the rock strength values calculated from the established
correlation between drillability and sandstone strength. The dots around lines 2 show
the strength values of the corresponding sandstone samples obtained from laboratory
tests. Polyline 3 (Fig. 1) corresponds to the change in the modulus of elasticity of
rocks along the well length, which was determined by the ultrasonic method by the
magnitude of the velocity of the longitudinal and transverse waves.

When comparing the results of laboratory determinations of the coefficients of
sandstone strength with the drillability of the corresponding areas shown in Figure 1
and Figure 2, it is clearly seen that the qualitative nature of changes in these
parameters along the length of the wells is similar.
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Figure 1 — The nature of change of drillability (1) and strength (2) of sandstone along the length of
wells drilled across the strike of rocks in a gas-saturated strained massif (a, b) and after its
degassing and partial discharge (c)

Analysis of the results presented in Figure 1 and Figure 2 (a, b), indicates that the
rock drillability varied from 3 to 15 min/m. Moreover, its maximum values or,
respectively, the minimum boring speed were recorded in sections of wells drilled in
safety-relevant areas, where the core was not divided into discs. Conversely, where
the core was intensively divided into disks, the drillability decreased noticeably.

The numerical values of these parameters, averaged over all wells within the
respective zones, were 9.5 and 4 min/m, differing by almost 2.5 times.

Taking samples of sandstone in areas of wells with solid core, in laboratory
conditions, we determined the limits of the strength of the samples and the strength
coefficients.
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Figure 2 — The nature of changes in drillability (1), strength (2) and elastic modulus (3) of sandstone
along the length of wells drilled in the bedding of strained gas-saturated massif (a, b) and after its
degassing and partial discharge (c)

The sandstone strength values calculated by the formula (1) by drillability in the
areas of the massif in which the core was destroyed on the disks turned out to be 6.7—
9, which is on average 1.5 times less than in adjacent zones with a solid core.

After overworking of massif, the residual pressure of methane and the gas content
of the rocks did not exceed 0.5 MPa and 0.2 m*/t, respectively. As the collapsed roofs
of the rocks compacted, the stresses in the sandstone massif partially recovered and
stabilized at 23 MPa.

It is known that with a decrease in the stress state of rocks from 100 MPa to zero,
their drillability decreases [8], i.e., the qualitative picture is the opposite of that
recorded in the described experiments during partial unloading of the massif. This
proves that the reason for the increase in drillability and strength of sandstones was
their degassing, and not the change in the stress state of the environment.
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Conclusions. The mechanical characteristics of outburst and outburst-safe
sandstones differ noticeably among themselves. But these differences are clearly seen
in the gas-saturated state of the rocks and are largely smoothed out when they are
degassed. Sandstone strength in outburst zones is on average f =8, in outburst-safe
f=11, i.e. it differs 1.4 times.

After degassing, the strength of outburst and outburst-safe sandstones is
approximately the same. Thus, the results of experimental studies have shown that
methane, like other fluids, reduces the strength of outburst sandstones.

This in particular can be explained why, when tested on degassed samples taken
in outburst and outburst-safe zones, the differences in strength properties are not
traced or expressed weakly, which leads to contradictory interpretations in assessing
the causes of local zonality of emissions.

The fact that the change in the mechanical characteristics of outburst sandstones
during their gas saturation and degassing occurs within the same limits indicates that
mass transfer processes and the degree of gas saturation of the rocks affect the change
in properties and are not accompanied by irreversible changes in the structure of the
environment.

Decrease in strength and increase in deformation properties of rocks in a gas-
saturated state testify that for their destruction smaller tension and energy value are
required. This is one of the forms of influence of gas on outburst, which must be
considered when studying the nature and mechanism of gas-dynamic phenomena and
quantifying their parameters.
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AHoTauig. Y cTatTi po3rnsaHyTo BhnMB (0B HA BNAcTMBOCTI ripCbKux nopid. Bigomo, Lo noBepXxHEBO-aKTWBHI
cepenoBuLLa, B TOMY YWCTIi ra3, MOXYTb iCTOTHO 3MIHIOBATU MEXaHIiuHi XapaKTepucTuki TBepAmMX Tin. [N BCTaHOBMEHHS
3aNeXHOCT BNNMBY METaHy Ha XapaKTepUCTUKM MILHOCTI FiPCbKUX MOpig PO3rMsHYTO pesynbTaTh HaTypHUX |
nabopaTopHux gocnimkeHb. [ocnian NpoBOAMNMCA Ha 3paskax BUKMAOHEDBe3neyHoro nickoBMka nnacta ms, B3ATOr0 Ha
rmbuHi 915 M. AHanis pesynbTaTiB LOCHiMKEHb OO3BONMB BCTAHOBMTW BMIMB 3MiHM Fa30HACMYEHOCTI nopig Ha ix
MeXaHi4YHi BMacTUBOCTI 4O i micns Aerasauil i YaCTKOBOTO PO3BAHTAXEHHS EKCMEPUMEHTaNbHUX AiNSHOK nicns ix
HagpoOKk1 naBamy No Nnacty ms. BctaHoBNEHO, WO NpUYMHOIO 36inblueHHst 6ypUMOCTI | MiLYHOCTI NiCKOBMKIB BUSIBUNACS
ix gerasaLisi, a He 3mMiHa Hanpy»XeHOro cTaHy cepeaosuiya. Lle npusseno 4o aMiHv gechopmaLinHux BNacTMBOCTEN Nopig
B ras3oHaCW4YeHWX | [JerasoBaHMX CTaHax. [lokasaHo, WO MeXaHiYHi XapaKTepuCTUKM BUKMAOHEOE3NeYHNX i
BUKMAOOE3NEYHNX MICKOBMKIB MOMITHO BiApi3HSIOTBCA MiX co00t0. Ane Ui BigMIHHOCTI YiTKO MPOCTEXYHOTHCA B
ra3oHacM4eHOMY CTaHi Nopif i B 3HAYHIN Mipi 3rnakytoTbea npy ix gerasayii. MiHICTb nickoBukiB B BUKMOAOHEOE3NEYHMX
30Hax MacuBy CTaHOBWTb B cepeaHboMy f=8, B BukugoHebesneyHux f = 11, To06TO BigpisHaeTbCS B 1,4 pasu.
PesynbTaTl BMKOHAHWX €KCMEPUMEHTaNbHUX LOCMiQKEHb [JO3BOMMAM [OBECTW, WO MeTaH, K i iHWwi dnoign,
3MEHLUYIOTb  MILHICTb  BMKMOOHEDE3MNeYHUX MickoBMKIB. LIMM MOXHA NOSCHMTW, YoMy npu BUNpOOYyBaHHAX Ha
JerasoBaHux 3paskax, BigibpaHux B BUKNOOHe6e3neyuHX i BiuknaobeaneyHnx 30Hax, BiMIHHOCTI BMaCTUBOCTEN MiLIHOCTI
He MpocTeXyeTbCs abo BUpaxeHi cnabo, Lo NPM3BOAMTL [0 CyNepeunuBux TyMayeHb B OUiHLI NPUYMH MOKanbHOI
30HamNbHOCTI  MPOSIBIB  BMKMAIB. 3MiHA MEXaHIiYHUX XapaKTEpPUCTUK BUKMOOHEDe3neyHux MiCKOBWMKIB npu  iX
ra3oHacMYeHOCTi i Aerasauji, Wo BiabyBaeTLCA B OAHAKOBMX MeXaXx, BKasye Ha Te, WO NPOLECH MaconepeHocy i CTyniHb
ra30HaCcM4eHOCTi NOpia BNMMBaOTL Ha 3MiHY BMACTUBOCTEN i HE CYNPOBOMLKYIOTECA HE3BOPOTHUMI 3MIHAMU B CTPYKTYPI
cepeaoBuila. BcTaHOBNEHO, IO 3HWKEHHS MIUHOCTI i 36inblueHHs aedopmauiiHux BRacTMBOCTEN mopia B
ra30HaCM4eHOMY CTaHi CBIgYMTb, WO ANS iX PYWHYBaHHA NOTPIOHI MEHLLI HaMpyXeHHs i BenuyMHa eHeprii. Y LboMy
nonsirae oaHa 3 hopm BMBY rasy Ha BUKMAOHEOE3NEYHICTb, WO HeOOXiQHO BpaxoByBaTM MpK BWMBYEHHI NpupogM i
MeXaHi3My rasoanHaMIYHUX SBULL, i KINbKICHIA OLHLL iX napameTpis.

KntoyoBi cnoBa: MiCKOBMK, HanpyXeHWA CTaH CepedoBWLLa, ra30HaCMYeHiCTb Mopid, MeXaHiyHi BNacTMBOCTI,
ntoif, 3mMiHa MiLHoCTi.

AHHOTauusA. B craTbe pacCMOTPEHO BMWMSHWE (PRIOMOOB Ha CBOMCTBA [FOPHbIX Mopod. M3BecTHo, uTo
NOBEPXHOCTHO-aKTUBHbIE CPedbl, B TOM YUCMe ra3, MOrYT CyLIECTBEHHO M3MEHSTb MEXaHW4YeCKue XapakTepucTUKu
TBEPAbIX Ten. [N ycTaHOBNEHUS 3aBUCUMOCTU BRWSHUS METaHa Ha MPOYHOCTHLIE XapakTepuUCTUKWA TOpHbIX MOPOA
paccMOTPeHbl pe3ynbTaTbl HaTypHbIX W nabopaTopHbiX WccnegoBaHuii. OnbiThl MPOBOAMAMCE Ha obpasuax
BbIBPOCOONACHOrO NecyaHuka nnacta ms, B3ATOro Ha rnybuHe 915 M. AHanus pes3ynbTaToB UCCRenoBaHWA MO3BONNN
YCTaHOBUTb BMMSHUE U3MEHEHWUS ra30HACBILLEHHOCTM NOPOL Ha UX MeXaHuYeckue CBOWCTBA A0 U Nocne Jerasaumv u
YaCTUYHON Pa3rpy3kn SKCMEPUMEHTANBHBIX Y4acTKOB MOCne WX HagpaboTki nasamu Mo Nacty ms. YCTaHOBMEHO, YTO
NPUYMHON YBENNYEHNUST BYPUMOCTM U KPENOCTU MECHaHUKOB SBUMAch WX derasauusl, a He W3MEHEHWe HanpsKEHHOro
COCTOSHMS  Cpedbl. ITO MNPUBENO K W3MEHEHUI0 e OpMaLMOHHBbIX CBOWCTB MOPOL B ra30HACHILEHHOM U
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[ErasnpoBaHHOM  COCTOSHWsX.  [loka3aHO, 4YTO  MEXaHW4YeckMe  XapakTepuUCTWKM  BbIOPOCOOMACHbIX U
BbIbpoCcOoGEe30nacHbIX NeCYaHWKOB 3aMETHO OTMYaKTCA Mexay coboi. Ho 3T oTnnuns YeTKo MpOCnexuBaTCs B
ra30HaCbILLEHHOM COCTOSIHUM MOPOZ W B 3HAYUTENBHOM Mepe CriaxuBatoTcs npu ux aerasauun. Kpenoctb necyaHunkoB
B BbIOpPOCOONACHBIX 30HAX MaccuBa COCTaBNsEeT B cpegHeM f = 8, B BoibpocobesonacHbix f = 11, T. e. oTnnyaeTcs B
1,4 pasa. PesynbTtaTbl BbINOMHEHHbIX 3KCNEPUMEHTANbHBIX MCCeSOBaHNA MO3BONMAM AOKA3aTb, YTO METaH, Kak W
Apyrve niovabl, YMEHbLIAT NPOYHOCTb BbIOPOCOOMACHBIX MECYAHMKOB. JTWUM, B YaCTHOCTU, MOXHO OOBSACHMTD,
MoYemy Mpu WUCMbITAHMSX HA OerasupoBaHHbix obpasuax, oTobpaHHbIX B BbIOPOCOONACHbIX M BbIOpOCOHE30nacHbIX
30HaXx, OTNMYMS NPOYHOCTHbIX CBOMCTB HE MPOCNEXMBAKOTCS UK BbipaxeHbl cnabo, YTo NPUBOAUT K NMPOTUBOPEYMBLIM
TONMKOBAHMSIM B OLEHKE MPUYMH NOKamnbHOW 30HANbHOCTK MPOSIBNEHMS BbIOPOCOB. M3MEHEHWE MEeXaHN4YeCKnx
XapaKTepuCTUK BbIOPOCOONACHbIX MNECYAHWMKOB MPU UX Tra30HACLIWEHUM 1 [erasauun, KOTOpOoe NpPOMCXOAWT B
OAMHAKOBbIX Npeaenax, ykasblBaeT Ha TO, Y4TO NPOLIECCHI MAacConepeHoca W CTENEHb ra3oHachILLEHHOCTM NOPOA BAUSIKOT
Ha W3MEHEHWe CBOWCTB 1 He COMpOBOXAAKTCS HEOOPATUMbIMKU U3MEHEHNSMN B CTPYKTYPE Cpeabl. YCTaHOBIEHO, YTO
CHWKEHWE MPOYHOCTHbIX M yBenuueHue AedOPMaALMOHHBIX CBOWCTB MOPOA B ra3oHACbILEHHOM COCTOSHWM
CBMOETENbCTBYIOT, YTO ANS WX paspylleHns TpebylTCH MeHblUME HanPsHKEHUs W BenMuMHa 3Hepru. B aTom
3aKnoyaeTcs ogHa U3 PopM BMMSHWA rasa Ha BbIGPOCOOMACHOCTb, YTO HEOOXOAMMO Y4MTbIBAaTb NPU U3yYeHUM
NPUPOAbI 1 MEXaHW3MA ra30aMHaMUYECKUX SBNEHMIA U KOTMYECTBEHHO OLIEHKE X NapameTpoB.

KnioyeBble cnoBa: necyaHuK, HanmpskeHHOE COCTOSHWE Cpeabl, ra30HAChLILEHHOCTb NOPOd, MeXaHWyeckue
CBOVICTBA, (prtonz, N3MEHEHNE KPEMOCTH.

Cmamms Haditwna do pedakuii 18.07. 2019.
PexomerdosaHo 0o dpyky d-pom mexH. Hayk K.K. Cogpiticbkum.



