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Aunomayusn. llpuseden ananuz cnocobos unmencugurayuy 00bIYL MEMAHA U3 HEMPOHYMBIX VEOIbHbIX
naacmos. Jlano onucanue npoyecca 2udpasiudeckozo paspviea naacma (I'PII), xax naubonee wacmo ucnoiv3y-
eM020 Memoda CHUMYAAYUL HPOUZBOOUMENbHOCINU CKEANCUH RPU NPOMBICI060U 000b1ue MEeMAHd U3 Y20NbHbIX
RAACMOS, U NPUEEOeHbl OCHOGHbIE e20 npeumyuecmed. OcnoeHbIMU akmopamu, IUsIOWUMY 1A OCMAMOYHYIO
nponuyaemocms co30annvix 6 pesyaromame I PIT mpewun, a61s10mes 20pno-2e0i02uieckue Yeiosus U Xapakme-
PUCMUKU UCROAB3YEMO20 3(li€p€l’b’l}l?0m€20 Mamepu(ma (izponmtma), 6 Kavecmee Komopozco HCIMG()JIEE yacmo
HpUMEnAemes CIManoapmublil. COPMUPOSAnHBIT NO KPYRHOCMU Keapyeswiil necok. Iloxasano enusnue Hanps-
HCEHHO-OEPOPMUPOBAHHO20 COCMOAHUA MACCUBA 20PHBIX NOPOO HA UIMEHeHUe NPOHUYAeMOoCHu U HeoOXoou-
MOCIb RPOOOINCEHUS €20 UCCACO0BAHUSL C YHECINOM PAZTUYHBLIX MEXHON02UHECKUX 0COOCHHOCmel 2UOPOpA3pbled.
Ipusedenvr pesyabmamosl 1aOOPAMOPHBIX UCCIEO0BAHULL HECKOG Mecmopodcoenuil Kemeposckoii obracmu ¢
Yenwslo GuIAGICHUS HAUDOIee NEPCREKMUGHBIX OJIS 3aKpenaenus mpewun 2uopopaspeiea. [lokazana nepcnexmus-
HOCMb U BOZMOJICHOCHb RPUMEHEHUS 2UOpopasped Nidcid ¢ UCROIb308AHUEM MECHIHbIX NeCKO8 6 Kauecmee
3AKPenIIOUez0 Mamepuad.

Abstract. The analysis of the ways of methane production stimulation from virgin coal formations is given.
The description of the process of hydraulic fracturing (fracturing) as the most common stimulation method dur-
ing the commercial coalbed methane production as well as its major advantages are presented. Key factors af-
fecting the residual permeability of fractures created after the fracturing are subsurface conditions and features
of the restraining material (proppant), most commonly, the conventional quartz sand sorted according to parti-
cles size. The influence of the strain-stress state of the rock massif on the alteration of permeability and the ne-
cessity of its extension study with respect to different technological features of hydraulic fracturing is shown.
Results of laboratory study of sands collected from Kemerovo region deposits for the purpose of finding the most
prospective samples for fractures propping are presented. The potential and ability to implement the hydraulic
fracturing with the use of locally available sands acting as proppants are shown.

Kniouesvte croga: Meman y20onbnblx naacmos, 2u0pAGIuyeckull paspeleé niacma, RPORAHN, RECOK, NPOHU-
YACMOCHb, HANPSHCEHHO-0CPOPMUPOBANIOE COCRIOAHUE, MACCUE 2OPHBIX HOPOO.

Keywords: Coalbed methane, hydraulic fracturing, proppant, sand, permeability, strain-stress state, rock
massif.

CoBpeMeHHOE MHpPOBOE XO3fHCTBO XapakTepu-  HedTenepepabaThiBalOmel U XUMHYECKOH IPOMBIII-
3yercsl BHICOKMM YPOBHEM MOTPEOJICHUsST SHEPreTHYE-  JICHHOCTH OIMHPAETCss HAa NIUPOKOE HCIOJIb30BAHKHE
CKHX pecypcCoB. PEBBI’ITI’IS TOILIIUBHO- Pa3IMYHBIX BHUJAOB MHHEPAJILHBIX PECYPCOB, J:[OﬁbIBa-

DOHEPIreéTHYECKOTO M METAJUIYPIrHY€CKOIo KOMILJIEKCA, €MBbIX M3 3€MHBIX HEIP. B kawecrBe TOIUIHBHO-
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JHEPTETHYECKOTO M TEXHOJOTHYECKOTO CHIPBS 0CO-
0OEHHO LIUPOKO IIPUMEHSAITCH HE(Th, IPUPOJAHBIH ra3
u yrounes. Hapacratomue norpebHocTy denoBedecTsa B
Ha3BaHHBIX IOJE3HBIX HCKONACMBIX 3aCTaBISIOT I10-
CTOSTHHO YBEIMYHMBaTh MX A00bIvy. [TocTenennoe wuc-
YepIaHHe MM 3HAYWTEILHOES COKpAalleHHE UX 3ara-
COB B JICTKOJIOCTYITHBIX MECTOPOKICHHUAX TPUBEIH K
YBEIMYEHHIO CIIOKHOCTH M CTOMMOCTH A0OBIYH. B
CBSI3U C 9TMM OJIHOM M3 IIPHOPHUTETHBIX 3aJ]]ay SABIIACT-
csl pa3pa0OTKa HETPaJMLHOHHBIX PECYPCOB YTJIEBO-
JIOPOJIOB, K KOTOPBIM OTHOCSTCS: TskENbie HeTH H
HeTsHbIe (OMTYMHHO3HBIE) MECKH, METAH YTOJIBHBIX
IUIaCTOB, CJIAHIEBBIE Ta3 H He(Th, ra3sl MIOTHEIX IO-
poJI, Ta3oBBIE THAPATHI M BOJOPACTBOPEHHEIE T3kl
Metan yronsHbix miactoB (MVYII) umeer psija oTiau-
YHil OT IPYTHX HETPAJIUIIHOHHBIX PECYPCOB.

B nacrosmee Bpems B Kemeposckoil obnacTtu
peanusyercd yHUKalnbHbIH 11 Poccum mpoexr mo
NPOMBIIIICHHOH H00OBIYE MeTaHa H3 HETPOHYTHIX
yroabpHeIx muactoB. OcHOBHas mpoOsieMa MPOMBICITO-
BO# 00BIYM MeTaHa, B OTJIHYHE OT AOOBIYH MPHPOA-
HOTO Ta3a TPaJAuIHOHHBIX MECTOPOXKICHHH, 3aKIr0yua-
eTcs B OCOOGHHOCTAX 3aJeraHusl MeTaHa B YrOJIbHOM
wiacte. [lo cymecTBYIOIHM [IPEACTABICHHAM METaH
B YTOJBHBIX MECTOPOXKICHHSX HAXOJMTCSH B Pas3sidy-
HBIX cocTosHMAX. [Ipu atom mo 80-95 % ot oburero
0o0beMa COCTaBJIAeT CBA3aHHBIA METaH, U OCHOBHOE
€ro KOJIMYECTBO HAXOAMTCS B BHJIE PACTBOPA B TBEP-
nom BeniecTBe (abcopOupoBaHHbIil MeTaH). Hapsiny ¢
9TUM B NPHPOJHBIX YCIOBUSIX 3alIeraHHsi YrOJBLHBIX
m1acToB npeoliagaeT npouece MeAleHHOro Anpdy-
3HOHHOTO NEpPEeHOca MeTaHa 110 yIJIIo, T.€. ra300Taaua
miacTa HaeT YypesBbluaiino memienHo [, 2]. Mmenno
3TH OCOOEHHOCTH HAXOXJICHHS M TICPEMEIICHHs Me-
TaHA B BEIIECTBE YIJI NPEIOMPEAENIAIOT HEOOX0aH-
MOCTh NPHMEHEHHS CIEHHAIbHBIX METOIOB HHTEH-
CH(UKAMH Ta300TAaydl Ul €ro IPOMBILIIJICHHOIO
H3BJICUYCHHS M3 YTOJNBHBIX TIAcTOB. B MupoBOit mpak-
THKE HAILIH NMPUMEHEHHE Pa3IHuHbIC METO/Ibl, TAKHE
Kak: ruapasiauyeckuid paspeiB mnacta (I'PII), kasep-
HOOOpa30BaHHe, TOPH30HTAIBHO-HAIIPABIeHHOE Oy-
perne (I'HB), mEeBMO- M I'HIPOJHMHAMHYECKOE BO3-
neiicreue (IIAB, TITAB u T'JIB), pearentHas o6pa-
0OTKa CKBaXHH, BOJHOBOE BO3JIeiicTBHE HA ILIACT,
HArHETAHHE B YrOJbHBIE IJIACTHI FeNTHs, 430Ta U yIIie-
KHCIIOTO rasza, IIa3MeHHO-HMITyJIbCHOE BO3JeHCTBHE
(ITUB), nenno-azorusiid I'PI1 u agpyrue.

Ans >(phexTHBHOrO HCMONB30BAHHA METO/IO0B
HHTEeHCH(HKAIIMM B TEPBYK ouepenb Tpedyrorces
3HaHHS (HU3MUECKHX MPOLECCOB, IMPOTEKAIOMUX B
MaccuBax ropusix nopoxa. Kpome 3roro, kak nokasaia
npakTHKa pa3pabotku Ky30acckMX MeTaHOYTONBHBIX
MPOMBICJIOB, HEOOXOAMMA ajanTanHs METOJ0B K
YCIOBHMSIM KOHKPETHBIX MECTOPOMICHHNA U CHUMKEHHE
IKOHOMHMYECKHX 3aTpaT Ha HX peaH3alHio.

B MupOBOIi npaxkTHKe Uil CTHMYJISIHH HPOH3-
BOJHUTENBHOCTH CKBaXKHH, KaK IpH pa3paboTKe Tpa-
JWIHOHHBIX MECTOPOX/ICHWH He()TH W Trasa, Tak H
IpH IMPOMBICIOBOH [J00BIYE METaHa H3 YTOJBHBIX
IUIACTOB, HauOOJIee YacTO HCIOJB3YETCs IUipaBInye-

ckuit pazpeiB mnacta (I'PIT) [1-4]. B mpouecce ruapo-
pa3pbiBa CHELHAIBHYI0 TEXHOJIOTHYECKYI0 JKHIKOCTE
HArHETAOT B IJ1aCT I0J] BLICOKMM JaBJIEHHEM, J10CTa-
TOYHBIM U151 TOTO, YTOOBI BBI3BAaTh PA3phIB 3TOTO IIa-
cta. Ha cnenyromem atane I'PII B sxuakocTh pa3psiBa
JIOOABNIAIOT 3EPHHUCTBIE MAaTEpPHANbl — HA3bIBACMBIC
NPOMaHTaMH (PacKIMHUBAIONIMMHE areHTaMH WIIH 3a-
KpeIuisiioluMy  Matepuanamu). I[IponanT pacmpene-
JA€TCs B TPEIMHAX H YJCPHKHBAET HX B PACKPHITOM
COCTOSIHHMH (pacKIMHHBAET) IOCJIE 3aBEPIICHUA OIle-
panmn. Cosnannas B pesynstate ['PII cucrema ray-
0OKO MPOHHKAIOIKX B MJIACT TPEIIHH MO3BOJSIET, BO-
IIepBBIX, YBEJIHYMTH IUIOMIAAbL MOBEPXHOCTH IjIacrta
COEIUHEHHOH €O CKBaXMHON (TIONagL JpEeHHpOBa-
HUS), B TOM YHCIE 33 CUET BO3HHUKHOBEHHUS CBS3M C
CETbI0 TPELIUH €CTECTBEHHOI'O IMPOHUCXOXKACHUS, HE
BCKPBITHIX CKBaXXMHOH. BO-BTOpEIX, packIMHEHHBIE
BBICOKOITPOHHMIIAEMBIE TPELIHHBI pa3phIBa IIPEJCTaB-
JA10T CO00H MpOBOAAMIME TYTH M 00/IEr9aoT TeUeHHEe
rasa u3 ToryOHHBI TIacTa K ckBaxuHe. [TouTH BO Beex
clyyasx MOJABIANONIAS 4aCTh A0OBIBAEMOM NpPOIYK-
LM MPHUTEKaeT H3 IUIacTa B TPEIIHHBI, 4 3aTeM II0
TpeLIMHaM B CKBaxuHY. M, B-TpeThHX, 3a cuer no-
BBILICHHS [POHUIIAEMOCTH BO3HHMKAIOT YCIOBHS I
a(pheKTHRHOW OTKAYKH HACHIIIAIONIEH Yroib MIacTo-
BOH BOJBI, YTO MO3BOJIAET CO3JaTh MaKCHUMaJbHO
BO3MOXHYIO JIEIPECCUIO HAa YIOJIBHBIN IJIACT C LIENbIO
aKTHBAIMK IIpOLEcca BHICBOOOKIEHHA COpOHMpOBaH-
HOTO METaHa.

Taxum 06pazoM, MPOJAYKTUBHOCTE CKBAKHH CBS-
3aHa C IeOMETpHeH TpelMH W HX OCTaTO4HOH (3(-
(hekTUBHOH) mpoHHIaemMocTeio. B pabore [5] Obumn
OIIMCaHBl OCHOBHBIE (DAKTOPBI, BIMSIOLIHE HA TCOMET-
pur0 0o0pa3yoUMXcs B pe3yiabTaTe THAPOpa3phIBa
TpeuH. OCHOBHBIMU (DAKTOpaMH, BIUSIONMMH Ha
OCTAaTOYHYH TPOHHIAEMOCTh TPEIIMHEBI, SBISIOTCA
IOPHO-TEOJIOTHYECKHE YCIOBHs (TOPHOE HAaBJICHHE,
MEXaHHUYECKHEe CBOHMCTBA MOpOJ, TeMIepaTypa) U Xa-
PAKTEepHCTHKH UCTIOJIL3YEMOro IIPOMAaHTA.

I'opHo-reonoruueckue ycioBus Haubojee IoJI-
HO XapaKTepU3yITCH HaTpsKEHHO-
J1e(pOpPMHPOBAHHBIM COCTOSTHUEM HCCIICyeMOIo Mac-
CHUBA TOPHBIX NOpOJ. B TedueHue ANUTENHHOTO MEpHO-
Jla re0JIOrMYecKOr0 BPpeMEHU TOpHBIE MOPOJbL, 3alle-
raloliue B 3eMHOHM KOpe, MOJABEpralTcsA ACHCTBUIO
MHOKECTBA NPHPOAHBIX cHI M (akTopoB. B pesyns-
TaTe JTHX BO3JEHCTBHH B MACCHBE yCTAHABJIMBAETCA
CCTECTBCHHOE HAINpPSKEHHO-Ae(OPMUPOBAHHOE CO-
crosaue (HJIC). Jlroboe TeXHOTEHHOE BO3/ICHCTBHE
(Oynp-TO CTPOMTENBCTBO CKBAXKHHBI, T'HIPOPA3pHIB,
9KCIUTyaTalldsl CKBAXKHHBI MM BBIEMKa yIJIi) IPHBO-
JUT K M3MEHEHHI0 €eCTeCTBEHHOTO HaMpsKeHHO-
JehopMHpOBaHHOTO cocrosiHusi. Ynpasnenue HJIC
MOPOAHOTO MACCHBA WM CBOHCTBAMM MOPOJ B pe-
3yJNbTATE TI'HUAPOPA3PhIBA SBISETCA JIOBOJBHO CIIOK-
HOH 3ajgadeil. OQHAKO IPH peaH3alMi TeXHOJOI'MH
ruapopaspeia 3HaHue HJIC mo3BoaseT BBHIABHUTH
HanOomnee MEepCIeKTUBHBIC WHTEPBAbl JUIS MPOBEe-
uus I'PII, xonTponnpoBars pocT TpeuyH rHApopas-
pbIBa B BBICOTY M IPOTHO3HPOBATH OPHEHTALHUIO CO-
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3nasaeMbixX TpemuH. Jaxe nocne nposenenus I'PIT u
Ha IPOTSHKEHMH BCEro NEPHOJA IKCIUIyaTAlMH CKBa-
JKHMHBI, HANPSAKEHHA MIPArOT BAXKHYIO PONb IPH J0-
Oblue ILTAacTOBLIX (DJIIOMJIIOB, OKa3biBas BIIHMSHHE Ha
(HUIBTPAIHOHHO-EMKOCTHBIE CBOIiCTBA KOJIIEKTOPA.

1250

HEepHBIX pacdeTor. IIpu sTOM JMUIHpYOIIEe MOJT0MKE-
Hue 3anumaer MKD Omarogaps BO3MOKHOCTH IIO-
CTPOEHHS T€OMETPHHU JIIOOOH CIOKHOCTH M CTENEHH
neranmsanun [7]. Tak, mpH MOJETHPOBAHHWH YTrOJb-
HBIX IUIACTOB C TPEIIMHAMH THAPOpPa3phIBa (PacKpbI-

ANSYS

R17.2
Academic

50,00 (m)

37.50

Puc. 1. Pacnpedenenue IK6u8a1eHmHbIX HANPAACEHUT BOKPYE Y2ONBIO20 NAACA C 20PU3OHMATLHON MPEWUH Ol
2uopopaspwiéa onunoil 30 m u packpvimuem 0,1 m
Fig. 1. Distribution of equivalent stresses around the coal seam with the horizontal hydraulic fracturing’s result-
ing fracture of 30 m length and 0,1 m opening

JlokazaHO, YTO NOPUCTOCTh U IMPOHHULAEMOCTH TOp-
HBIX TIOPOJ] YMEHBIIAKOTCS ¢ POCTOM JCHCTBYIOIIHMX B
MaccHBe HampspKeHWi [6], M yroib TOMy He HCKIIO-
YEeHHE.

B muposoil npaktuxe st uzyuenus HJIC mm-
POKO HCHOJB3YeTCs] IeoMeXaHHYeCKOe MOIeIHpOBa-
Hie. ['eoMexaHHYecKas MOJEIb MOKET ObITh aHaIu-
THYECKOH, YHCIEHHOH WK (U3HYECKOH B 3aBUCHMO-
CTH OT crocoba oOpabOTKH M TpeacTaBIeHUs IaH-
HpIX. Haunbonee ynoOHBIMH B OOpanieHUM SBISIOTCS
YHCICHHBIE MOJEIH, KOTOPBIC TOYHEE U CIIOXKHEE
aHAJIMTHUECKHX, B TO BpeMs Kak (u3MdecKue ere
Oonee TOYHBIC, HO TPeOYIOT OOJBIIHX BPEMEHHBIX H
MaTepHaNbHBIX 3aTpaT. KmioueBBIMH KOMIIOHEHTaMH
YHCICHHBIX MOZIENeH  ABIAIOTCA: BEPTHKAIBHOE
HalpsDKEHHE, MUHUMATBbHOE TOPH30HTAIBHOE HAampsi-
EHHE, MAKCHMAJILHOE TOPU30HTAILHOE HAMPSKEHUE
H ero HanpaeJieHHe, TOPOBOE JABJICHHE W MEXaHHYe-
CKHe cBoOicTBa ropubeix mopoa. Cpean CyliecTBYIO-
mmx MeronoB pacuera HJIC (koHEYHO-3NEMEHTHBIA,
KOHEYHO-PAa3HOCTHBIH, I'PaHHYHO-IJIEMEHTHBIH, JHC-
KPETHO-2JIEMEHTHBIH M Jp.) CTOUT BbIACIHTL METOJ
KOHEUHBIX 2JemMeHToB (MKD) m MeToq KOHEUYHBIX
pasnocreii (MKP), nmpumensemble B OOJBIIMHCTBE
COBPEMEHHBIX MPOTPAMMHBIX KOMIUIEKCOB IS MHIMKE-

THE KOTOPBIX MOKET COCTaBIATh U MOPAIKA HECKOJb-
KHX MWIUIMMETPOB), TONYYEHHE PE3YJIBTATOB, aJIcK-
BATHO OMMCHIBAOIINX peaNbHOE pacrpeesieHne
HanpspKeHUl HEBO3MOXHO Oe3 obecneueHHs IOIDK-
HOH CTENEeHH AeTalH3alliH.

Onenxa HanpsHKEHHO-Ae(QOPMHUPOBAHHOTO CO-
CTOSIHHSI YTOJIBHOTO TUIACTa BOKPYT TPENTMHBI THAPO-
paspbiBa [IPOBeJeHa [1yTeM I'e0MeXaHHYeCKOro Mojie-
JUPOBAHMA C HCIOIB30BAHHEM IPOTPAMMHOIO KOM-
miexca ANSYS. Ilpumep NOMydeHHBIX pe3yibTaToB
TEOMEXaHHUECKOTO MOJICTMPOBAHMS MaCCHBA TOPHBIX
MOpojl MO JaHHBIM  EpyHaKoOBCKOrO  Treosoro-
3KOHOMHYECKOro paitona Kysbacca B BuIe KapTHHbBI
pacnpe/ienenus HanpsKeHUH NprUBeieH Ha puc. 1.

OO0001IEHHbIE PE3YIBTATHl MOJCIMPOBAHHS I10-
Ka3alli, YTO TPCHIHHBI OJTHOH TEOMETPHH B Pa3HBIX
TOPHO-TEOIOTHIECKHX YCIOBHAX MPHBOIAT K Pa3ivy-
HOMY HM3MEHEHHK) eCTECTBEHHOTO  HANpMKEHHO-
nehopMHpOBaHHOTO  cocTosHMA. ClemoBaTelbHO,
IIPOBE/ICHUE THAPOPa3phiBa TPeOYET MHIMBH/IYaIbHO-
o MOJX0/Ia B K&KJIOM KOHKPETHOM ciydae.

BaxkHoil 3azauell npu NpoOEeKTUPOBAHUH THAPO-
paspbiBa ABIAETCA BHIOOP MOAXOIAIIErO IPOMAHTa,
o0ecreynBaoNero HeoOXOOUMYI0 TMPOHHIIAEMOCTh
3aKpeIIeHHO TPEIMHBI THApopaspeiBa. [Ipu BeIGOpE

123
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KOHKPETHOTO pacKIMHMBAIONIEro MaTepuana HeoOXo-
IMMO YYHTBIBATH €r0 OCHOBHBIC (DU3MYECKHE Xapak-
TEPHUCTHKH: MPOYHOCTH, pa3Mep 3€pPeH U rPaHyIOMET-
PUYECKHH COCTaB, KadyecTBO (HANM4YHe IIPUMECEH,
pacTBOPUMOCTh B KHCHOTax), (opma rpanyn (coe-
PUYHOCTL M OKPYIIOCTh) M MIOTHOCTE. Ocoboe BHU-
MaHMe TPH ITOM CleayeT oOpaTHUTh Ha MCKIIOYEHHE
CMBIKAHHUS 3aKPEIUIEHHBIX TPEelIMH pa3pbiBa H odec-
neueHue Tpedyemoil mponmumaemoctu. B kauectse
[IPOMNAHTa MCIOIb3YIOT HCKYCCTBEHHBIE KepaMHye-
CKHE MaTepHalbl M MPHPOJHBIC KBAPIEBLIC MECKH.
Ilpun mpoBemenuu OosbiimHcTBa onepauuit ['PII, B
TOM 4YHCJ€ W IIPH THIPOpPa3phIBE€ YTOJIBHEIX IITACTOB,
HauboNlee YacTO HCTONb3YeMBIH pPAaCKIUHUBAIOMIMH
MaTepHall — CTAHAAPTHBIH COPTHPOBAHHBIA MO KPYyI-
HOCTH KBapleBbli necok [1-4, 8-11]. 5to Bo MHOrOM
00yCIIOBIEHO €ro HOCTYMHOCTBI, OTHOCHTEIEHO HH3-
KOH CTOHMOCTBIO M IIPHIOJHOCTBIO JJIA Pa3IM4HBIX
IIaCTOBLIX YCHOBHH. Ilecok MMEET JOCTaTOYHO BBI-
COKYIO ITPOYHOCTH, YTOOBI BBEIICPKUBATE HAMPKEHHE
CMBIKAHUS TPEIIMHBl TPH THIPOpPa3phIBe IJIACTOB,
3asierarolux Ha riyoune no 2400-2500 M. YronbsHsle
IUIACTBI, U3 KOTOPBIX CeHYac OCyIIecTBIsAeTCS J00bIYa
mertana B Kysbacce, 3aneraior Ha rayoune go 1350 m,
MOATOMY NPUMEHEHHE Tecka MpH HX THIpOpa3zphiBe
SIBJISIETCS BIIOJIHE MIPAKTUYHEIM peureHueM. IIpu atom
C LENBI0 YMEHBIIEHHS CTOMMOCTH 3aKpEIUIAIOIIEro
MaTepHalia, 09E€BHIHO, LE1eco00pa3HO HCIIOIb30BaTh
MECTHBIE TIECKH, JUIsl 4ero HeoOXoauMO 000CHOBaHME
MPUTOAHOCTH HX CBOHCTB JJISt 3aKPEIUICHUS TPELIMH
THApOpa3phIBa IPH M3BJICYEHHH METaHa M3 HETPOHY-
TBIX YTOJIBHBIX IUIACTOB.

KemepoBckasa obmacTe o0nagaer DoBoIbHO 0o-
raTo celpbeBoi 0a30if nmeckoB. MimeeTcst neBATH pas-
BEAHHBIX MECTOPOXKACHUH (QOPMOBOUYHBIX IECKOB
(3amacel — 214 MuH. T), TpH cTeKONBHBIX (144 MH. T),
LIECTb CTPOUTENLHBIX (35 MuH. M3) M TpUILATH Me-
CTOPOXKJICHUI TiecuaHo-rpaBuitHoro Martepuana (189
MitH. M3). MMeeTcst Takke IeNBIiH Pl MECTOPOXKe-
HUIi, HE YYTEHHBIX rocylapcrBeHHbIM OanaHcoMm. Ilo-
9TOMY UENBI0 HACTOALIMX HCCIEIOBAHHH SBIAETCA
IOMCK MECTOPOXKICHMH NPHPOAHBIX neckoB Keme-
poBcKoOil 00nacTH, KOTOPLIE BO3MOKHO MCMONb30BAThH
B KAa4ECTBEC PACKJIIMHUBAIOIIMX areHTOR IPH IIPOBE/E-
HHH THJIPOPa3pbIBa YrOJIbHBIX IUIacTtoB. Jlng wuccne-
J0BaHUH OB 0TOOpaHBI MPOOBI ABAJLATH IBYX Me-
CTOPOXKJIEHHH IECKOB H I€CYAaHO-IPaBUHHBIX CMECeH
Kemeposckoit obrmactu, Tpex MectopoxaecHuil Towm-
CKOH 00JacTH M JBYX MECTOPO:IEHHH ANTalicKoro
Kpas.

Kak ObuUIO OTMEUYEHO BBbIILE, IPOHULIIACMOCTH
TPEIIMH THAPOPa3PEIBA HAMPAMYIO CBA3aHA C MPOAYK-
THUBHOCTBIO CKB&XMH. B CBON ouepe]ib CYIIECTBYET
B3aUMOCBA3b MEXK/Iy INPOHHIIAEMOCTBIO 3E€PHHUCTOrO
CBINTy4Yero MaTepuasa U ero MOpHCTOCTHIO (ITyCTOTHO-
CTBIO) — B 00IIEeM cilyyae NPOHHMLAEMOCTh TEM BBIIIE,
YeM BHIIIE MOPHCTOCTE. OMHUM U3 (HaKTOpPOB, BIMA-
IOIIMX Ha BEJTMYMHY MOPUCTOCTH, SBIACTCS OJHOPO-
HOCTb, HMJH COPTHPOBAaHHOCTb, 3€PEH II0 pa3Mepy
[12]. Ecnu Menkue yacTHIbI CMELIaHpl ¢ 0oyee Kpym-

HBIMH TMECYAHBIMU 3epHAMH, TO 3(PEKTHBHASA TOPH-
CTOCTh (IpeACTaBlIeHHas COOOLIAIIIUMHUCT MEXKIY
co0oif mopaMH) 3HAYUTENbHO yMeHbIHTCA. [ToaTomy
IUTS 3aKpeIUIeHHs TPEHIMH T'HIpOpa3phiBa HCIIOJNIB3Y-
10T MPOTAHTEI OMPEJETSHHBIX (DPaKIHii, TO eCTh XO-
poIIo OTCOpTHpOBaHHBIH MaTepuan. Kpome storo Ha
MPOHHUIIAEMOCTh 3aKPEIUICHHOH TPEHIMHBI THAPOpa3-
pbiBa CYIIECTBEHHO BIMSET pa3pyllieHHe 3epeH B
TPEUHHE MOJ MeiicTBHEM HampskeHHus cxatus. Mu-
TEHCUBHOCTD pa3pyILEHHs 3aBHCUT OT pa3Mepa 3epeH,
uX (HOpMBI, HEBHIMMBIX Je(EKTOB, TEMIEpPaTYpH,
XHMHYECKOTO cocTaBa u ap. Paspymenne 3epeH mpu-
BOJHUT K H3MEHEHMIO I'PaHyJIOMETPHUYECKOI0 COCTaBa
3aKpenuTeNs B TPEIIMHE U, CIEA0BATENHHO, K CHIUKE-
HHMIO €ro MOPHCTOCTH M TpoHHIaeMmocTH. IToaTomy
npH BeIOOpE 3aKPETUIAIONIET0 MaTepHana HeoOXoau-
MO YUYHUTBIBAaTh CIIOCOOGHOCTH €ro 3epeH COIPOTHB-
TATHCS Pa3pyIISHHIO.

Briumy npoBeaeHbl HCCIEeNOBaHUA COCTaBa U (H-
3MYCCKUX CBOWCTB HETIOATOTOBICHHOTO MECKa, KOTO-
pBle BKIFOYATH B ceds ONpelelneHue CcoaepKaHHs
IBUICBHHBIX W IVIMHUCTBIX YACTHUL, I'PaHYJIOMETPHU-
YeCKOTO COCTaBa M MOJYJISA KPYIHOCTH, IUIOTHOCTH H
IIYCTOTHOCTH HEIPOMBITOH M pOMBITOH 1po0. Takxke
MPOBE/IEHBI HCCIETOBAHHA TOJTOTOBIEHHOTO MecKa,
ocHOBaHHBIe Ha cranaapre ISO 13503-2 [13], a
UMEHHO OIpe/esieHHe IUIOTHOCTH M IYCTOTHOCTH,
COTIPOTHBIICHHS pa3naBauBanuio [14].

Uto KacaeTcss M3MEPEHHUS TPOHUIACMOCTH 3a-
KPETUIeHHOW TPEHIMHBI pa3phiBa, TO HEOOXOIHMO
yuecTs ciueayrmee. Ocratounas (unu 3¢dexkTuBHas)
[POHULAEMOCTh 3aKPEILIEHHOH TPelMHbl pa3pbiBa B
YTOJIBHOM IUTACTE MOXKET CYIIECTBEHHO OTIHYAeTCA
OT HOMHHAJBHOTO 3HAUCHHS TMPOHHIAEMOCTH IIPO-
[aHTa, JIAaBaeMOro NPOM3BOJIUTENEM. DTO pPA3IHYUE
MOKHO OOBACHUTH PSIOM MPHYHH, OJHUMH H3 KOTO-
PBIX SABIAIOTCH OCOOEHHOCTH (DH3MKO-MEXaHHYECKHX
CBOWCTB YT U YCIOBHS 3al€TaHUS YTONBHBIX IIa-
cToB. JlaHHble (haKTOPHI HEe YUMTHIBAIOTCS B TIOJHOH
Mepe B CTAHIapTHOH METOJIHKe M3MEepEeHHUS [IPOBOIH-
MOCTH ynakoBku npomnanrta [SO 13503-5 [15], a un-
dhopmaumy 00 M3YYEHHH MX BIMSHUSA HA QHIbTPALH-
OHHYIO CIMOCOOHOCTH 3aKPETUIEHHBIX TPEUTUH THIPO-
pa3pbiBa YrOJBHBIX TUIACTOB HEOCTATOUHO.

HMIMEeHHO TMOATOMY MpPH HCCIESIOBAHHAX TIECKOB
JUIsl OIIpe/IesIeH s [IPOHHLAEMOCTH IIpeIaraercs nc-
II0TH30BaTh OPUTHHANBHYIO Ta00PaTOPHYI0 YCTAHOB-
Ky, paspaborannyto B Ky3['TV. I'mapHo# ocobeHHO-
CTBIO YCTAHOBKH SBISIOTCA 00pa3Iibl, H3TOTOBICHHBIE
U3 DKBUBAJIEHTHOIO YITIIO Marepuala, KOTOpble HC-
IONB3YIOTCA BMECTO CTAaHAAPTHBIX 1ab0paTOPHBIX
obpasioB necuanuka [5]. B nepByio ouepens ObLIH
IPOBE/ICHBI UCCIICAOBAHUS 110 OIPEICICHHIO KO3(h-
(hHIMEeHTa MPOHHIIAEMOCTH TPEIIMHBI Pa3phIBa, 3a-
KPEMJIeHHOH MPONMaHTOM C M3BECTHOW IIPOHHIIAEMO-
CTBIO (T.e. OMpe/eNeHHOH HAa CTaHIAPTHOH YCTAHOB-
Ke). TakuMm MaTepHanoM ABIACTCA KepaMU4eCKUH
AMIOMOCHJIMKATHBIH — miponanT  Borprop — dpakiuu
20/40. lanHBle O €rO MPOHHIIAEMOCTH MPEICTABICHEI
Ha caiiTe mpou3BoguTeNs. B HTOre yaamock cpaBHUTH
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Puc. 2. 3agucumocms npoHULAeMOCny MPewjunsl paspeleéa, 3aKpeniennol nponaumom Borprop 20/40 om
HanpadjiceHus ee cmulkanus: 1 — HomunaivHoe 3nadenue npoHuyaemocmu, 2 — daunvle, NoIyHeHHble Ha
Paspadomannon 1abopamopHot yCmanosKe
Fig. 2. Dependence of the permeability of the fracture wedged with Borprop 20/40 proppant on the closure
stress: 1 — initial permeability; 2 — data obtained at the assembled laboratory unit

HMEIOLIYIOCS OQHUIHaIbHYI0 HHPOPMALHIO C JaHHBI- B nenoMm, pe3ynsraTsl BEILIEIIPUBEIECHHOTO aHa-
MH, TIOTYYEHHBIMH Ha pa3paboTanHoii nabopaTopHoit JIW3a ¥ BBITIOMHEHHBIX IKCIIEPUMEHTANBHBIX HCCIEe10-
YCTaHOBKE C HCII0JIb30BaHHEM 00pa3lioB M3rOTORIEH- BaHMI MOKA3bIBAIOT HEOOXOJUMOCThL Y4eTa BIIMSHUS
HBIX W3 OKBHMBAJIEHTHOrO MaTepHana. Pe3ynbTaTsl HATPSKEHHO-1eDOPMHPOBAHHOTO COCTOSHHS YT OJIb-
BBITIOJTHEHHBIX JKCIePUMEHTAILHBIX HCCIEA0BAaHUH HOr'0 IUIacTa Ha MPOHHLAEMOCTh 3aKpeIuIeHHOH Tpe-
MpeaCcTaBICHBI Ha puC. 2. IIMHBl  THAPOpa3phiBa B  KOHKPETHBIX T'OPHO-

M3 rpadukoB BHUIHO, YTO NPOHMIAEMOCTH 3a- reOJOIMYECKUX YCIOBUSIX METaHOYTONBHBIX MECTO-
KpEIJICHHOH TPEeLIUHBI pa3pbiBa B YTOIBHOM IJIaCTE B poxaenuit Kysbacca, 4To B CBOIO OUepe/Ib OTKPLIBACT
2-3 pasa HMKE HOMHHAIBHOIO 3HAUEHHWs] IpPOHHIIAE- MEPCIEKTUBDI [ TOBBIMIEHHs 1e0UTa METaHOZOOBI-

MocTH. JlaHHBIH ()akT JEMOHCTPHpYET BIHMSHHE  BalOIIMX CKBaXKHH.
CBOICTB YTONBHOTO TJ1AaCTa Ha OCTATOUHYIO NPOHHUIA-
€MOCTb 3aKPEeIJICHHOH TPEHIMHBI THIPOPa3PhIBA.
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