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Annotation. Effect of mining on pressure variation in coal rock mass has been analyzed. Determination of pressure
variation within rock mass is an important problem since it will help to identify the residual methane reserves, the rock
mass permeability, and parameters of degassing holes. The studies were carried out in the context of series of the holes
in the field of Public Joint Stock Company «Mine named after O.F. Zasiadka», which redrilled mined-out seam n;. In the
context of each hole, the height of undermining effect was calculated, the dependence of pressure decline relative to a
mine working was determined as well as integral permeability; moreover, the hydrogeological data were applied to
identify the coefficient of static pressure decline. Methods to determine the integral permeability as well as fluid pressure
variations within undermined coal rock mass have been proposed. The method, intended to measure fluid pressure, is
correct for a case when pressure in the neighbourhood of the mined-out seam floor is 0.1 MPa, i.e. during certain period
after the coal seam development. With the course of time, migration of fluids takes place towards rock mining within the
undermined coal rock mass; in this context, pressure is balanced in the rock mass disturbed by fissures. The pressure
variation within the undermined rock mass can also be determined using a method based upon hydrostatic pressure and
static pressure determination according to the water levels in a hole if hydrogeological observations during hole drilling
involved registration of both static water levels and depths at which measurements were carried out. According to the
methods, dependences of pressure variation as well as integral permeability of the undermined coal rock mass were
determined in the context of series of holes drilled on the undermined coal rock mass. A technique to identify zones of
“fast” gas and “slow” gas within undermined formation has been considered. Hence, the listed methods help to forecast
integral permeability as well as fluid pressure variations within the undermined coal rock mass making it possible to
identify zones of “fast” and “slow” gas, and determine parameters to evaluate and extract methane reserves from the
undermined coal rock mass.
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Introduction. It has been determined recently that while extracting methane from
coal mines, maximum gas amount can be captured by means of holes from coal rock
mass undermined in the process of coal mining. Formation of technogenic methane
accumulations results from subsidence of roof rocks, their softening as well as free
gas and liberated gas emission to mine workings, and fractured zones of the coal rock
mass [1, 2]. Gas pressure declines and permeability of coal rock mass varies due to
the undermined formation softening, and partial methane emission [3]. Determination
of pressure variation within rock mass is an important problem [4] since it will help
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identify residual methane reserves, the rock mass permeability, and parameters of
degassing holes.

Methods. Direct measures by means of formation tests while hole drilling is the
most accurate technique to determine pressure within undermined coal rock mass;
however, they are rare event for practice.

Paper [5] proposes a method to measure gas pressure in the undermined coal rock
formation. After subsidence of roof rocks, certain share of methane drains into mine
workings from the undermined formation; certain share remains in the rock mass
which results in pressure variation. As it has been demonstrated in paper [6], there is
a tendency for the increase in pressure of fluids, saturating sandstones, up the open-
cut from a coal seam mined previously. In the neighbourhood of the undermining
zone, gas pressure should be 80-90 % of hydrostatical one; while approaching mined-
out coal seam, pressure declines down to atmospheric one at the boundary of a mine
working. Linear dependence of fluid pressure variation within the undermined rock
mass P, . (Pa) has been proposed; the dependence is expressed as the function:

I:)u.r.m. - f(h)’

where h is distance along the normal from the mined-out coal seam floor up to the
sandstone where pressure is measured.

Pressure variation within the softened coal rock mass above the mined-out seam is
shown using the dependence:

Porm =a-h-y,-g,

where y, is water density being equal to 1000 kg/m?; g is gravity factor, m/s% a is
coefficient involving effect of undermining zone height.

a coefficient is identified for each hole; it depends upon undermined coal rock
mass height as well as upon fluid pressure within a zone where the formation starts its
softening:

,_085-H,
h

m

where H, is depth of upper boundary of a zone of undermining effect (from the
surface), m; h,, is height of undermining zone effect (from the undermined seam), m.

Hence, when the method is used to determine dependence of pressure variation
for each hole, it becomes possible to calculate values of integral permeability for the
undermined coal rock mass.

The method, intended to measure fluid pressure, is correct for a case when
pressure in the neighbourhood of the mined-out seam floor is 0.1 MPa, i.e. during
certain period after the coal seam development. With the course of time, migration of
fluids takes place towards rock mining within the undermined coal rock mass; in this
context, pressure is balanced in the rock mass disturbed by fissures.

Pressure variation within the undermined rock mass can also be determined using
a method based upon hydrostatic pressure and static pressure determination according
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to water levels in a hole [5] if hydrogeological observations during hole drilling
involved registration of both static water levels and depths at which measurements
were carried out.

Static pressure in a hole (according to water level P, (Pa) was determined on the
formula:

Pst.p. = (H - hst.l.) ) ye ) g!

where hg, is static water level in a hole, m; A is seam depth, m.
Hydrostatic pressure Py, (Pa) was measured in a hole for the depths where static
levels were determined. Following formula was applied:

Ph.p.:H°7/6'g-

Further coefficient of static pressure decline in a hole (ks 4) Was determined. The
coefficient demonstrates relative pressure deviation from hydrostatic pressure using
the formula:

s.p.d. P

h.p.

According to the methods, dependences of pressure variation as well as integral
permeability of the undermined coal rock mass were determined in the context of
series of holes drilled on the undermined coal rock mass.

Results and discussion. The studies were carried out in the context of series of
holes in the field of O.F. Zasiadka mine which redrilled mined-out seam n;.

In the context of each hole, height of undermining effect was calculated,
dependence of pressure decline relative to a mine working was determined as well as
integral permeability; moreover, hydrogeological data were applied to identify
coefficient of static pressure decline.

Hole 3431. Mineable thickness of the undermined coal seam is 1.5 m. Volatile-
matter content V%' is 40.6 %. Height of undermining rock effect h,, is 97 m.
Dependence of gas pressure variation within the undermined rock mass in the
neighbourhood of a hole is expressed as follows:

Pirm=025-h-y,-g.

The generated equation makes it possible to calculate gas pressure within the
undermined formation and, taking into consideration previously carried out studies
[7], to observe changes in the rock mass permeability. As a graph demonstrates (Fig.
1, a), integral permeability increases dynamically from 310 m mark to 330 m mark
being almost 10010 ™ m®.

According to values of static pressure decline coefficient, a graph was plotted
(Fig. 1, b). At 250 m mark, kspq = 0.97; its values lower while the mined-out coal

seam approaching. In such a way, within analytical boundary of undermining zone
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beginning, kspq. = 0.94; it becomes 0.8 — 0.81 at 342 m remaining invariable through
to the mined-out seam.
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Figure 1 - Integral permeability (a) and static pressure decline coefficient (b) variation depending
upon the depth of sandstones of the disturbed coal rock mass above the mined-out seam n; in the
neighborhood of hole 3431 drilled in the field of O.F. Zasiadka mine

Thus, comparison of the graphs of changes in integral permeability and a graph of
static pressure decline has explained that the values decrease in terms of the same
intervals. That helps conclude that the both methods have identified two zones in the
undermined coal rock mass: “slow gas” zone (280 to 320 m), corresponding to 3™
and 4™ zones according to M.A. Iofis [8], and “fast gas” zone (320 to 378 m)
corresponding to 1% and 2™ zones. In compliance with paper [9], methane from “fast
gas” zone gets to operating longwall sometimes twice and more times increasing gas
content; and methane from “slow” gas zone drains slowly to the mined-out area
increasing background concentration.

Hole 3844 (Fig. 2). Mineable thickness of the undermined coal seam is 1.0 m.
Volatile-matter content V* is 40.6 %. Height of undermining rock effect h,,, is
65 m. Dependence of gas pressure variation within the undermined rock mass in the
neighbourhood of a hole is expressed as follows:

Pu_r_m =0.28-h-y, - 0.

Integral permeability of rock mass (Fig.2) in the neighbourhood of the hole starts
increasing vigorously from 240 m to 250 m becoming 250-10™" m?. Hence, after 240
m, the undermined coal rock mass turns out to be more disturbed due to the
increasing fissure number. The theoretical calculations have been substantiated by
means of static pressure decline calculations. As graph in Fig. 2, b shows, K sp4.
values do not vary down to 248 m depth being 0.95-0.96; then, they decrease rapidly
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and K spq 1s 0.23 at 259 m mark. Thus, “slow” gas zone (i.e. 212-248 m), and “fast”
gas zone (i.e. 248-277 m) can also be identified in the neighborhood of the hole.
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Figure 2 - Integral permeability variation (a) and static pressure decline coefficient (b) variation
depending upon the depth of sandstones of the disturbed coal rock mass above the mined-out seam
n; in the neighborhood of hole 3844 drilled in the field of O.F. Zasiadka mine

Hole D-5 (Fig. 3). Mineable thickness of the undermined coal seam is 1.5 m.
Volatile-matter content V' is 40.6 %. Height of undermining rock effect h,,, is
97 m. Dependence of gas pressure variation within the undermined rock mass in the
neighborhood of a hole is expressed as follows:

P =025h-y,-g.
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Figure 3 - Integral permeability variation (a) and static pressure decline coefficient (b) variation
depending upon the depth of sandstones of the disturbed coal rock mass above the mined-out seam
n; in the neighborhood of hole 3431 drilled within a site of Kalmiusski Rudnik of O.F. Zasiadka
mine field
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Analytical values of integral permeability within the undermined formation in the
neighborhood of D-5 hole have shown that the fastest permeability increase starts
from 520 m depth (Fig. 3, a). The calculations are supported by the fact that while
hole drilling, 100 % lost returns began starting from 530 m depth. However,
comparison of permeability variation graph and statistic level decrease graph (Fig. 3,
b) has shown that the zones do not coincide to compare with the two previous holes.
In the context of the hole, ks, 4 B deviation from values, close to 0.9, starts from 350
m mark; decrease in the coefficient values stop approaching 0.45-0.5. Such a
variation can be explained by the differences between analytical height of
undermining effect zone, and natural one.

Conclusions. Hence, the listed methods help forecast integral permeability as
well as fluid pressure variations within the undermined coal rock mass making it
possible to identify zones of “fast” and “slow” gas zones, and determine parameters
to evaluate and extract methane reserves from the undermined coal rock mass.
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AHorauis. JocnigxeHo BNMB ripHM4MX pobiT Ha 3MiHY TUCKY Y BYrMENOPOAHOMY MAacuBi. BU3HAUeHHs 3MiHM THCKy
B MacuBi € BaXMBUM 3aBLAHHSAM, OCKINbKM [O3BONUTL BU3HAYMTM 3aMMWLLKOBI PECYPCU METaHY, NMPOHUKHICTb MacuBy i
napameTpu ferasauiHnx cBepanoBuH. [laHi OOCMIMKEHHS BMKOHYBanMcA MO psgy CBEPANOBMH Ha MOMi LAXT
iM. 0.0. 3acaabka, Wo nepebypunu BignpaLbOBaHMiA NnacT nq. 10 KOXHiN CBEpPANOBWHI po3paxoByBanacs BUCOTa
BNMMBY Migpo0OKy, BWU3HAYanacs 3anexHiCTb 3MEHLEHHS TUCKY LOAO FipHMYoi BUMpOOKM i BU3HAYanacs iHTerpankHa
MPOHUKHICTb, @ 3a rigpPOreonoriyHUMM JaHUMN BU3HA4YABCS KOEMILIEHT MOHMKEHHS CTATUYHOTO TUCKY. 3anponOHOBaHO
METO4M BU3HAYEHHS iHTerparnbHOI MPOHMKHOCTI | 3MiHWM Tucky rioigis B nigpobrneHoMy ByrnenopogHOMY MacuBi.
MeTod, Npu3HayeHMn Ons BUMIPIOBAHHA TUCKY (MtOiay, € NpaBWUbHAM Y BUMAKY, KOMW TUCK PIOMHW B OKOMWL
BigNpaLboBaHoro wapy nnacta craHoutb 0,1 MIMa, T06T0 npotsarom neBHoOro nepiogy nicns BigpoOKK BYriNbHOIO
nnacta. 3 nnMHOM 4acy BigbyBaeTbcsl mirpauis cnwoigie y Bik BugobyTKy ripcbkux mopig y Mexax nigpobneHoro
BYINENOPOOHOTO MacuBy; Yy LbOMY BUNAAKy TUCK BPIBHOBAXYETLCA B MPChKIi Maci, NOpYyLUEHin TpiluHamu. BctaHoBUTH
3MiHy TUCKY B nigpobneHoMy Macusi MOXHA MO METOAY, 3aCHOBAHOMY Ha BW3HAYEHHI TigPOCTATUYHOMO i CTATUYHOIO
TUCKY 3a PIBHEM BOAW B CBEPANOBMHI, SIKWO Mig 4ac TigporeonoriyHMX CrocTepexeHb npu OypiHHI CBEPANOBUHY
BiOMIYaNMCS CTaTWUYHI PIBHI BOAW, @ TaKOX (iKCyBanuca BIigMITKW rnMOUH, Ha SKux npoBogummucs Bumipw. Mo Lmx ABOX
MeTofax no psay CBEPANOBMH, WO NpobypeHi Ha nigpobneHuin BYrnenopoaHni MacuB Oyniu BU3HAYEHI 3amneXHOCT
3MiHW TUCKY i iHTErpanbHa MPOHUKHICTb MiAPOBNeHoro ByrnenopoaHoro Macusy. Po3rmsHyTWA cnocid BUAINEHHS B
nigpobeHii TOBLY 30H «LUIBMAKOTOY» i «MOBINBbHOTOY rasy. TakuM YMHOM, 3aCTOCYBaBLUW BKa3aHi BULLE METOAM MOXHA
MPOrHO3yBaTK iHTErparnbHy MPOHMKHICTb | 3MiHM TUCKy (moidiB y nigpobrneHoMy ByrnenopogHOMY MacwBi, LUO
[03BOMNUTL BUAINATM B TOBLLi 30HW «LUBWUAKOMO» i «MOBINBHOTO» rasy, BU3Ha4aTW napamMeTpu OLiHKK i BUyYeHHS 3anacis
MeTaHy B Nigpo6neHin ByrnenopoaHin TOBLL.

KntouoBi cnosa: MeTaH, TUCK, MPOHWKHICTb, BYrNenopoaHMI MacuB.

AHHoTauus. MccrenoBaHo BIUSIHUME TOpHbIX PaboT Ha W3MeHeHWe AaBfeHWs B YrienopogHOM MaccuBe.
OnpepneneHne M3MEHeHWs [ABMeHWs B MaccuBe SBMSETCH BaXHOW 3afadvel, NOCKOMbKY MO3BOAMUT Onpesenuthb
OCTaTOYHble pecypcbl MeTaHa, MPOHMLAEMOCTb MaccuBa W napaMeTpbl [erasauuOHHbIX CKBaXMH. [laHHble
MCCNeaoBaHUs BbINOMHANUCH MO PSAAY CKBaXMH Ha mone waxtbl um. A.®. 3acagbko, nepebypuBlumMx 0TpaboTaHHbLIN
nnact ny. [0 KaXmoW CKBaXMHE paccuuTbiBanachb BbiCOTa BMMSHUS noapaboTky, Onpedensnach 3aBUCUMOCTb
NOHWKEHWA [ABMNEHUs OTHOCUTENbHO FOPHOW BbIPabOTKM W Ompedensnach WHTerpanbHas MpOHWLAeMoCTb, a Mo
rMOPOreonormyecknM AaHHbIM onpesensncs Ko3mMMULIMEHT MOHWKEHNS CTAaTUYECKOrO AaBneHus. [peanoxeHsl MeToabl
ONpeaeneHns UHTerpanbHoOM MPOHULIAEMOCT U W3MEHEHWS LaBneHuin dniougos B nogpaboTaHHOM YrmenopogHOM
Maccue. MeTof, npefHasHayeHHbI ANg M3MEPeHUs AasneHus drionaa, SBNSeTCs NpaBuibHbIM B Cryyae, korda
[aBneHne XMOKOCTW B OKPECTHOCTW oTpabortaHHoro cros nnacta coctaensetr 0,1 MMa, To ecTb B TeuyeHue
OonpeAeneHHoro nepuoaa nocne otTpaboTky yronbHoro nnacta. C Te4eHneM BpeMeHn NPOUCXOAUT MUrpaums (niongos
B CTOPOHY A00bI4M TOPHBIX MOPOA B Npeaenax nogpaboTaHHOro YrnenopoaHoro Maccusa; B 3TOM Chyyae AaBneHue
YPaBHOBELINBAETCA B T[OPHOM MacCuBE, HAapYLUIEHHOM TpewWWHamu. YCTaHOBWUTb W3MEHEHWe [aBneHns B
nogpaboTaHHOM MaccvBe MOXHO MO METOAY, OCHOBAHHOMY Ha OMpedeNieHuM rMApOCTaTUYECcKOro W CTaTYeckoro
[aBneHnin N0 YPOBHSM BOAbI B CKBaXWHE, €CNW BO BPEMS r1pOreoniornyeckux HabmoaeHnin npy BypeHnn CKBaxmHBI
OTMeYarnucb CTaThyeckie YpoBHW BOAbI, @ Takke PUKCMPOBaNUCL OTMETKM ryBOuH, Ha KOTOPbIX MPOBOAMIUCH 3aMepbl.
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Mo aTuM OByM MeTodaMm Mo psidy CKBaXwH, NpobypeHHbIM Ha noapabOoTaHHbIN YrnenopoaHbin Maccus Oblnm
onpeneneHbl 3aBUCUMOCTI W3MEHEHUS! AABNEHUIA U MHTErpanbHas NPOHULAEMOCTb NOAPaboTaHHOro YrnenopoaHoro
MaccuBa. PaccmMoTpeH cnocob BblgeneHus B nogpaboTaHHOM TOMWE 30H «ObICTPOro» W «MeAneHHoro» rasa. Takum
06pa3oM, NPUMEHNB YKa3aHHbIE BbILLE METOAbI MOXHO MPOrHO3WUPOBaThb WHTErPanbHY NPOHULAEMOCTb W U3MEHEHMS
AaBneHnn nionaos B noapaboTaHHOM YrnenopoaHOM MacCUBE, YTO NO3BOSUT BbIAENSATH B TOSLUE 30HbI «ObICTPOroy» 1
«ME[IEHHOrO) rasa, ONpeAensaTb NapaMeTpbl OLIEHKM 1 U3BMEYEHNS 3anacoB MeTaHa B nogpaboTaHHON YrnenopogHoM
TOnLLe.
KnioyeBbie cnoBa: MeTaH, AaBneHNe, NPOHMLAEMOCTb, YrIenopoaHbIi MaccyB.
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