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AHHoTanus. B pabore npuBeneHBI pe3ylibTaThl PacueTOB, MOJIYICHHBIE C TPHUMCHE-
HUEM TEPMOTUIPOIMHAMUYECKOTO MOJEIUPOBAHUS IPU 3aKAYKE BO3/1yXa B 3aJI€KHU, COJIepHKa-
e CBOOOIHYIO MIACTOBYIO Boay. [IpeacTaBiensl moka3aTeny HaKOTUIEHHOUW TOOBIUM BOJBI B
CIIydae 3aKaukd BO3/yXa B 3aJI€KU HEPTH C pa3IMUHbIMHA 3HAYCHUSIMH Ha4aaIbHOU HETEHACHI-
HIEHHOCTH. BBIYMCIUTENBHBIN 9KCIIEPUMEHT MPH 3aKayKe O0bIero o0bEMa Bo3iyxa B IIIACT,
BBITCCHUBIICTO INJIACTOBYIO BOAY, MPUBOAUT K TOMY, YTO B PCAKIHIO C MJIaCTOBOM Heq)TBIO
BCTYMAaET O0JIbIlIee KOJIMYECTBO KMCIOPO/1a — YBEJIIMYMBACTCSI KOHLIEHTPAILIMSI KHCIOPO/ia BO3-
nyxa B 30HE peakiuu. [Ipy 5TOM yBeTUYMBAETCS CKOPOCTh MPOTEKAHMS PEAKIIUU B3aMMO/ e~
CTBHUSI KHUCIIOpOJIa C YIJIEBOJOPOJAaMHU IIIACTOBOM HE(PTH, MpollecC HU3KOTEMIIEPATYpPHOTO
OKHUCJIeHHUS HIET Ooliee MHTEHCHBHO. B cTaThe mpeicTaBieHO M3MEHEHHE TeMIepaTyphl B
OKPECTHOCTH HarHeTaTeIbHON CKBaXMHBI ITPU 3aKauKe BO3/lyXa B 3aJI€KH EPMCKON CUCTEMBI
Y TEPPUTEHHBIE 3aJI€KU KaMEHHOYTOJIBHOM U JEBOHCKOM CUCTEM MPU PA3IUYHBIX 3HAYEHUAX
HavdaJIbHOW He(TeHaCHIIEHHOCTH Tutacta. OOOCHOBAH KPUTEPHUI pOCTa TUIACTOBOM TeMIIepa-
TYpBI 10 TEMIIEpaTypbl CAMOBOCIUIAMEHEHHS C CAaMOI0 Havajla 3aKayky BO3/lyXa B 3aJI€KH, CO-

JieprKaIrue CBOOOIHYIO TIIIACTOBYIO BOMY.
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Abstract. The paper presents the results of thermal reservoir simulation modeling of
air injection into reservoirs containing free formation water. Cumulative water production
profiles at different initial oil saturations are presented. Simulations of larger air injection vol-
umes to displace formation water result in oxygen concentration increase in the reaction zone
to cause more oxygen to contact with oil in situ. The reaction rate between oxygen and hydro-
carbons increases to boost low-temperature oxidation process. The paper describes tempera-
ture changes in the vicinity of injection well during air injection in Permian sediments and ter-
rigenous sediments of the Carboniferous and Devonian at different initial oil saturations. Cri-
terion of formation temperature increase up to self-ignition temperature right at the beginning
of air injection into reservoirs containing free water is substantiated.

Keywords: in-situ combustion, air injection rate, high-viscosity oil, extra-viscous oil,
thermal reservoir simulation modeling, low-temperature oxidation process, rapid increase of
reservoir temperature, self-ignition point
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Opnum u3 3(pPeKTUBHBIX MO BBIPAOOTKE 3amacoB HE(TU METOAOB pa3pa-
OOTKH 3aJIeKel BHICOKOBSI3KON HEPTH, OTHOCALIMMCS K TEIJIOBBIM METOJIaM pa3-
pabOTKH, SBJIAECTCS BHYTPHUILIACTOBOE FTOPEHHUE, HHULIMUPYEMOE C MOMOIIBIO 3a-
KaukH Bo3tyxa. OIHAKO, B CHITY CIOKHOCTH XUMUYECKUX U TEPMOANHAMUYECKUX
MPOLIECCOB B 3aJICKH, MPOUCXOIALIUX NMPU UHUIUUPOBAHUHN BHYTPHUILIACTOBOTO
rOpeHus MyTEM 3aKauKH B 3aJI€Kb BO3/yXa, HEOOXOIUMO MPEIBAPUTEILHOE U3Y-
YeHHE ITUX MPOLIECCOB C MOMOMIBIO JJAOOPATOPHBIX IKCIIEpUMEHTOB. Jlabopartop-
HbIE HKCIIEPUMEHTHI 3/1€Ch MOTYT OBITh MPOBEJEHBI C TOMOIIbIO HIU(PPOBHIX (HUITb-

TpalMOHHBIX Mojeneii [1,2].
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CyIiecTBEHHBIM OTJIMYMEM METOJIa WHHUIIMMPOBAHUS BHYTPUILIACTOBOTO
TOPCHHsI OT APYTUX TEIUIOBBIX METOJOB Pa3padOTKH 3aJeKEH BBICOBSI3KOM
Hedtu (BBH) u cBepxsszkoii Hedtu (CBH) sBIsSCTCS TOCTH)KEHUE B TUIACTE BBI-
COKMX 3HAYEHUW TEeMIIepaTyphl, 4TO MPHUBOAHUT K 00Jiee BHICOKMM 3HAYCHUSIM
JIOJTU TTIOPOBOTO 00BEMA IIJTIaCTa, OXBAYCHHOTO TETIJIOBBIM BO3/ICHCTBUEM, U, COOT-
BETCTBEHHO, JIOCTUTAIOTCS OoJiee BHICOKME 3HaueHMs Kodddummenta nedrens-
Bieuenus (KWMH) 3anexu BEICOKOBS3KOM 1 cBepXBs3Koi HePTH. Clie10BaTENbHO,
MO>KHO 3aKJIIOYUTh, UTO MPOOIeMa pa3BUTHUS TEXHOJOTUN pa3pabOTKH 3ajeKei
BBH u CBH TennoBbiMH METOaMH Ha OCHOBE TEPMOTHUIPOANHAMUYECKOTO MO-

ACIINPOBAaHUS C OCIIBIO ITOBBIIICHUA B(b(l)eKTI/IBHOCTH pa3pa60TKH ABILICTCA aKTY-

anpHOM [3,4,5].

IToka3aTenu HaKOIUIEHHOM JOOBIYH BOJBI C IIOMOIIBIO JOOBIBAIOIINX CKBa-
JKUH B CIICHApHUM 3aKauKU BO3/IyXa B 3aJIeKU He(PTU C pa3IMUHBIMU 3HAYCHUSIMU
HavyaJIbHOM HE()TEHACHIIIIEHHOCTH MPUBEICHBI HA PUCYHKE |, M3 KOTOPOTO BHUJIHO,
YTO C YBEJIMUYCHHEM HayaJbHON HE(PTEHACHIIIIEHHOCTH TIacTa 00bEMBI JOOBITOM
MJIaCTOBOM BOJIBI yMeHbIatoTca. Hannune Oonbiiiero o0bEMa 3akauaHHOTO BO3-
JyXa, BRITECHUBIIIETO TJIACTOBYIO BOJY, MIPUBOAUT K TOMY, YTO MPU MPOYUX PaAB-
HBIX YCJIOBHSIX B PEAKITUIO C IJTACTOBOM HEPTHIO BCTYIAET 00JIbIIee KOJTUIECTBO
KHCJIOPOJa — YBEIMYMBAETCS KOHLUEHTPALMS KUCIOPOJa BO3AyXa B 30HE peak-
MU, U, COOTBETCTBEHHO, YBEJIMUYMBACTCSI CKOPOCTh MPOTEKAHUS PEAKIIUKU B3au-
MOJICMCTBUS KUCJIOPO/Ia C YTIIEBOA0POIaMHU TIIACTOBOM He(PTH U, CII€I0BATEIHHO,

MPOLIECC HU3KOTEMIIEPATYPHOTO OKUCIECHHS UAET 00JIee MHTEHCUBHO.
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Puc. 1. ITokazamenu nakonjieHHoil 000b14U 600bl NPU 3AKAYUKE 8030YXd 8 3A/1€MHCU Hepmu ¢
Pa3nuUHbIMU 3HAYEHUAMU HAYAIbHOU He(hmenacvlujeHHoCmu

Kak noxa3zanu npoBea€HHbIE PaCYETHI, BpEMS OT HA4YAJIA 3aKAaYKHA BO3yXa
A0 MOMCHTA YCTAaHOBJICHHUA (prHTa TOpCHHUA B 3AJICIKAX He(i)TI/I, COACPIKAIIIUX
CBOOOJHYIO BOJAY B IUIaCTE, MEHbILE B 3-4 pa3a, B OTJIMYME OT CIy4as 3aKayKu
BO3ayXa B aHAJIOTUYHBIC 3aJICKH, HC COJACPIKAIINC CBO6OIIHYIO BOAY B ILIACTC.
DTO SIBJICHHUE IO3BOJISIET C ICJIBIO ITOBBIINICHUA CTCIICHU BBIpa6OTKI/I 3al1acoB
He(pTH HE(PTEHOCHBIX OOBEKTOB, HAXOAAIIMXCS HAa MO3IHEN CTauu pa3paboTKH
1 XapaKTEePU3YIOIIUXCSl BBICOKOM CTEINIEHBIO OOBOJHEHHOCTH J1O0OBIBAEMOM IPO-
JTYKIWH U 3HAYUTEIHLHON HECHUKaeMON He()TeHACHIIIIEHHOCThIO, PEKOMEH0BATh
OpraHu3alMIo 3aKaYKH BO3/lyXa B IUIACT, 00€CIEUNBAIONIECH BHITECHEHUE CBOOO/I-
HOM TIACTOBOM BOJBI K CTBOJIaM JIOOBIBAIOIIMX CKBA)KWH, WHTEHCHBHBIA POCT
TEMIIEpATypbl B IJIACTE B IMPOLECCE MHUIMHUPOBAHUSA HU3KOTEMIIEPATYPHOIO

OKHCJICHUA.

Ha puc. 2 npuBenén rpaduk HW3MEHEHUS TEMIEPATypbl B OKPECTHOCTH
HarHeTaTeJIbHOW CKBAXKUHBI MIPH 3aKaYKe BO3/1yXa B 3aJIEKHU IMEPMCKON CHCTEMBI
(a), 1 3aJIe)Ku, IPUYPOUYEHHBIE K TEPPUTCHHBIM OTJIOKEHUSIM KaMEHHOYTOJIbHOU
U JICBOHCKOM cucteM (0) ¢ pa3IMYHBIMUA 3HAYEHUSMH HadaJIbHOW HeTEeHACHI-
HIeHHOCTH TutacTa. Kak BUJIHO U3 3TOro rpaduka, MHTEHCUBHBIN pOCT Temmepa-

TYPBI B OKPECCTHOCTHU HarHeTaTeJIbHOM CKBa)KUHBI Ha6J'IIOI[aeTC$I C caMOro Hadalia
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3aKa4YK{ BO3TyXa B 3aJICKU HE()TU MEPMCKON CUCTEMBI ¢ HAYaIbHOW HEe()TEHACHI-
meHHocThi0 0,2—0,6, a Takke B 3aJIeKH HePTH KaMEHHOYTOJIbHOM U JEBOHCKOM

CUCTEM C HadaJibHOU HedTeHackimeHHocTho oT 0,1 1o 0,8.
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Bpemst oT Havana 3aKavuku BO3AyXa, CYT BpeMs OT Hauaa 3aKaYKH BO3IYXa, CYT

a) 6)

——HauaabHas HeTeHAachbImeHHOoCcTH 0,1 HauaapHasa HedTeHachbImeHHOCTH 0,2

—— HauaabpHas HepTeHacbimeHHOCTH 0,4 ——HauaabHasa HeTeHacbImeHHOCTH 0,6

HauaabHasa HedTeHachbIIeHHOCTH 0.8

Puc. 2. /lunamuka memnepamypuot 6 OKpeCmHOCHU HAZHEMAMEIbHOU CK8AX}CUHBL NPU
3aKauke 6030yxXa 6 3a1excu NePMCKOll cucmemul (@) U meppuzeHHble 3anexHcu
KAMEHHOY201bHOU U 0C6OHCKOIUL cucmem (6) npu pa3iuyHbIX 3HAYEHUAX HAYATbHOT

He([)menacumenuocmu naacma

YBenuueHne BpEMEHU OT Hayalla 3aKauykd BO3[yXxa JO Hadyajaa UHTCHCHUB-
HOTO POCTa CPEIHEIUIACTOBOM TEMIIEPATYPhl C YBETUUCHUEM BSI3KOCTH He(pTH B
HayaJbHBIX MJIACTOBBIX YCIOBHUAX MPH 3aKauKe BO3yXa B 3aJIeKU HEPTH mepm-
CKOM CUCTEMBI ¢ HaYaJIbHOW He()TEHACHIIEHHOCTHIO 0,8 00yCIOBIEHO TEM, UTO C
HAYaJIOM 3aKa4KHy BO3/yXa B 3aJie’Kb HETH YaCTh SHEPTUU, KOTOPAs BBIACIISIECTCS
B pe3yJbTaTe XMMHUYECKOTO B3aUMOJICUCTBUS KUCJIOpPOa C IJIACTOBOM HE(PTHIO,
3aTpavynuBaETCA HA MPOTEKAHUE YHAOTEPMHUECKON pEaKIMU KPEKUHTa CBEPXBSI3-

KoM He(TH.

Ha Tex He(l)TCHOCHBIX 3aJICKax, Ha KOTOPBIX C HAYAJIOM 3aKa4KHU BO3/1yXad B

IJ1acT HaOMIOAAETCsl MHTEHCUBHBIM POCT CPEIHEIIIACTOBOM TEMIIEPATYPhI, OTCYT-
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CTBYEeT HEOOXOJAMMOCTh MPUMEHEHHS TEXHOJOTUA OpPraHU3alliy MPUHYIUTEITb-
HOTO POCTa IJIACTOBOM Temreparypbl (roproue-okuciutenbHoi cmecu (['OC),
AIIEKTPOIIPOrpeEBA, PO3KUTa IJIACTa C MOMOUIBIO TA30BOM TOPENKH U T. J1.) IPHU UX
pa3pabOoTKe C TOMOIILIO0 BHYTPUILIACTOBOTO TOPECHUS, MHUITUUPYEMOTO 3aKaYKOM

BO3yXa.

BriBOa

OO00CHOBaH KpUTEPHUI pOCTa IJIACTOBOM TEMIIEpPATyphl JO TEMIIEPaTyphI
CaMOBOCIIJIAMEHEHHUS C CAaMOT0 HavaJla 3aKayKu BO3yXa B 3aJICKH, COACPKAIINEC
CBOOO/IHYIO TUIACTOBYIO BOJy. MHUIIMMpPYyEMBIH MTPOIECC HU3KOTEMIIEPATYPHOTO
OKHCJICHUS COMPOBOKIAETCA MHTEHCUBHBIM POCTOM IIJIACTOBOM TEMIIEPATYPHI 10
TEMIIEPATypPhbl CAMOBOCINIAMEHEHHUS C CAaMOI'0 Havajla 3aKauyKu BO3/1yXa B OCJIOK-

HEHHbBIC HAJTMYUEM BOAOHACBINICHHBIX IIPOIINIACTKOB 3aJIC)KU HGCI)TI/I:

- IMPUYPOUYCHHBIC K OTJIOKCHUAM HCpMCKOI;'I CHCTEMBI C HAYaJIbHOMU He(i)TeHa-

CBINIEHHOCTRIO B npeaenax 0,2—0,6;

- IMPUYPOUYCHHBIC K TCPPUT'CHHBIM OTIOKCHUAM K&MGHHOYFOHBHOﬁ n JCBOH-

CKOM CHCTEM C Ha4aJIbHOM He(TEeHACHIIIEHHOCTHIO B ipeaenax 0,1-0,8.
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Anexcanopos I'eopauti Braoumuposuy, MIaaImi HayqHbIi COTPYIHHUK J1JAOOPAaTOPHH Ie0I0-
THYECKOT0 U THAPOIMHAMUYECKOIO MOAEIUPOBaHUS OT/Ies1a pa3pabOTKH HE(PTAHBIX MECTO-
poxnenuit, uHcTUTyT «TarTHUIIHEPTHY.
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