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AHHOTaANA

Hcromenue 3anacoB He)TH MPUBOAUT K HEOOXOAMMOCTH Pa3pabOTKN HETPAAULIMOHHBIX U
TPYZAHOU3BJICKAEMBIX 3a11aCOB, B TOM YHCJIE MECTOPOKICHNH BHICOKOBSA3KOM He(TH. DPdek-
THUBHBIM CIIOCOOOM JUJIs1 3TOTO SIBIIETCS IPUMEHEHNE TEPMUUECKUX METOI0B HHTEHCU(DHKALIH
100bIYM, OCHOBAHHBIX Ha 3aKadke mapa B muacT. CyIiecTBYIOLMEe MOJIEIH HE YUUTBIBAIOT
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PCaIbHOTO CMCIICHUS (I)pOHTa Mporpesa ¢ y4€TOM KOHBCKTUBHBIX ITOTOKOB. H03TOMy aKTy-
AJIbHBIMHU 3a/1a4aMU ABJIAIOTCSA MOACIUPOBAHNC (1)I/ISI/I‘I€CKI/IX TMpoIeCcCcoOB, MPOUCXOAAIINX B
I1acTe, ONTUMU3AUA TEXHOJTOTMICCKUX MapaMETPOB pa3pa60TKH [pU MapOUUKINICCKOM
B03H€ﬁCTBHH Ha He(i)THHBIe T1J1aCThI.

JlaHHas cTaThs ABISETCS TPONOUKEHHEM 0ojiee paHHWX MCCICAOBAHWHN W Mpeaiaract
PaccMOTPETh MHOM BapHaHT IBIKEHHUS TPAHUIIBI (GPOHTA MpOTpeBa. Y TOYHEHHE PA3BHUTHS
TETUTIOBOTO TIOJIS B TIJIACTE CBA3AHO C 331aHNeM (DOPMBI TPAHHUIIBI C YUETOM TPAaBUTAIIMOHHBIX
CHII, B OTIIMYHME OT paHee MPeUIOKEHHOI MOJIENH, TIe TIPUHSATO AOMYIIEHHE O (POHTANTBHOM
pacrpocTpaHeHHH TETUIOBOTO (POHTA.

[TosTomy mensiMu pabOThI SIBJIAOTCS: pa3padOTKa METOMMKH, HO3BOJISIONICH OMPEICITUTh
JICOUT CKBKHHBI B CITyyae MapoTeIyioBoi 00padOTKH MJIaCTa U YUUTHIBAIOIICH FeOMETPUIO
JIBIOKCHHsI (DPOHTA MPOTpeBa; NMPOBEICHKUE pacueTa BPEMEHHU 3aKauKd rapa Ha Ipumepe
PEaIbHOTO MPOMBICIIOBOTO 00bEKTa, BPEMEHH TTapOTEIIOBOM MPOIKMTKHU, PEIICHHE 3a/1auH
00 ONTUMHU3AINHU TOOBIYN.

MeTtononorus uccienoBaHuii OCHOBAHA HA UCTIONb30BAHUH CUCTEMbI 3aKOHOB COXPaHEHHUS.
OCHOBHBIE YpaBHEHHUS PEIIAIOTCS AHATUTHYECKH, IS pacuera AeOnTa MCIOIb3yeTCsl UTe-
paunoHHbIi MeTo HptoToHa.

Takum obOpas3om, B JaHHOMH cTaTbe BIEpBBHIC MpEAaraeTcsi MHTErpaabHas GU3NKO-MaTe-
MaTHyecKass MOZieNb MapOLMKINYECKOr0 BO3JIEHCTBUS Ha IJIACT, YUMTHIBAIOIIAs HalN4ue
KOHBEKTHBHBIX M TPaBUTALMOHHBIX CHI MpU (GOpPMUPOBaHHE NPOGHIS MPOTPETON 30HBL.
Ha npumepe peabHOTro nmpoMbICIOBOTO 00BbEKTa MPOBEEH pacyeT BPEMEHH 3aKadyku Mmapa,
BPEMEHH MapOTEMIOBOH MPONUTKH, pelieHa 3a1a4a 00 ONTUMHU3AINU J00bYU. XapakTep-
HbIC BPEMEHA COIMIACYIOTCS C PEabHBIMHU JaHHBIMH. TaKue pacueThl MO3BOJSAIOT BBIOpaTh
Hanboee paoOHaNbHYIO CTPATETHIO pa3pabdoTKu.

KuioueBbie c1oBa

DuzrKo-MaTeMaTHIeCcKoe MOJICTMPOBAHKE, TPYIHOU3BIECKAEMbIEC 3arachl HEYTH, IIUKIIIe-
CKOE TEIUIOBOE BO3JECIHCTBHE, pacpelielieHre TEMIIEPaTyphl B IU1acTe, ICOUT, ONTHMHU3AIIUS
mapaMeTpoB pa3pabOTKH, YBeINICHNE He(DTEOTaauH.

DOI: 10.21684/2411-7978-2020-6-2-145-161

BBenenue

OOmieit MUpOBOH TeHJCHIMEH B HEPTSHON MPOMBIIUICHHOCTH SIBIISIETCS] UCTOLICHHE
TPaJMIOHHBIX 3aI1aCOB, TaJieHNE I0OBIYM U BOBJICUCHHE B pa3pabOTKy TPYyIHOU3BIIC-
KaeMbIX 3aracoB. K 3TomMy Kiaccy 3aracoB OTHOCSITCS BRICOKOBsI3KHe He(TH. Hanboib-
LINH OMBIT B pa3padOTKe MECTOPOXKICHUH TSDKEIOM He(hTH MMEIOT He(pTSIHbIC KOMITAHHN
Kananpr. Kanaya u Benecyana pacronararor oqHAME U3 KPYITHEHIITUX MECTOPOXKICHHUH
outyma B Mupe. OCHOBHBIMHU MTPUYMHAMH Pa3BUTHS 3TOTO HAIPABJICHUSI JI0 TTOCIICTHE-
T0 BpeMeHH ObIIM POCT 1IeH Ha He()Th ¥ pa3paboTka yCOBEPIICHCTBOBAHHBIX TEXHOJIO-
Ui J0OBIYH TSDKENIOW HEPTH ¢ BRICOKUM KoddduimentTom uzBnedenus (o 60% Ha-
YaJIbHBIX 3a11acoB HeTH) [6].
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Tsoxenast HeTh UTPAET BAXKHYIO POJIb B MUPOBBIX 3aracax HeTH, 1 1yist ee 100bI-
YM IPUMEHSIOTCSI KaK TEPMUYECKHUE, TaK U HETEIIOBbIE METO/IbI 100b4H. PaspaboTka
TaKUX 3aMacoB TPAJULMOHHBIMU METOAAaMH (IIEPBUYHOE HCTOILEHHE, 3aBOAHCHHE)
Hea(h(heKTHBHA M3-32 HU3KOH MPOTYKTUBHOCTH CKBXHH [12].

CHIKeHHUE BA3KOCTH HE()TH M MTOBBIILICHUE TPOTYKTHBHOCTH CKBaKHH JOCTUTACT-
Cs1 C HCIOJIb30BAaHUEM OJJHOTO U3 TPEX OCHOBHBIX METOZIOB ITOBBIIICHHS HEPTECOTIa9M —
TEPMUYECKOT0, XUMHYIECKOTO H/HIIN Ta30BOT0 Bo3ACHCTBHA. TpaiiHOHHBIM ITOJX00M
CUMTAETCs 3aKavKa Iapa il CHU)KEHHSI BA3KOCTH II1acTOBOM HedTH [5].

Taknum 00pa3oM, TETIOBbIE METOABI BO3CHCTBU, OCHOBAaHHbIC HA 3aKauKe Mapa,
CTaHOBATCS HanbOoee 3pPEKTHBHBIMH MPOIIECCAMU IS JOOBIYH TsHKEIOoW HeTH U
OuTyma u3 MecTopokaeHus. K 3TiM MeToam BO3AeHCTBUS OTHOCSAT B IIEPBYIO OUepe/b
NapoLUKINYECKyI0 00paboTky (cyclic steam stimulation, CSS), BeiTecHenue HepTH
HapoM 1 IaporpaBUTALMOHHBIN ApeHax (steam assisted gravity drainage, SAGD) [13].
HaunOonee cinoskHbIME 3amacamu SIBJISIFOTCS TsDKeNble HETH B MAJIOMOIIHBIX IUIa-
CTax — B 3TOM Clly4ae Yalle NPUMEHSIETCS MapOLMKINIECKOE BO3ICHCTBHE.

[Maporuknuueckas 00paboTka NPU3a00HHbIX 30H CKBaYKUH SIBJISIETCS IEPCIEKTHB-
HBIM METOJOM yBeinueHus Hedreotnaun. [Ipu CSS-Bo3nelicTBUN B CKBaKUHY, SIBIISI-
IONIYIOCS U HarHETATebHOM, U JTOOBIBAIOIIEl OJTHOBPEMEHHO, B TeueHne 15-20 cyTok
3aKaYMBAIOT Tap B ONpeJesieMOM MapaMeTpaMy I1acTa o0beMe. 3aTeM 3aKpbIBAIOT
ckBaxxuHy Ha 10-15 cyTok Asis mepepacnpeaeneHusl TEMIOThI, TapOTEIIOBOM MPOIUT-
KU, BTSITUBaHUA HE(TH U3 HENPOIPeTOl 30HBI B Nporperyro. Jlanee cKBaXWHbI HAUH-
HaloT padoTarh Kak JOOBIBAIOIINE, IOKa HE(QTH HE OCTBHIHET U ACOUT HE YHaieT J0
NEepPBOHAYAIBHBIX 3HAUCHNH, KaK MPaBUJIO, HA MPOTSDKEHUH 2-3 MECSIIEB.

[Naporuknuueckoe Bo3AeHCTBUE OOBIYHO MCIONB3YIOT HA HA4aJIbHOW CTaANH JII0-
00T0 TETIIOBOTO BO3JICUCTBUS JIJISI U3BIICUSHNS TSHKENIOM HeTH. Takoi BH] BO3IEHCTBUS
OBbUT OCYILIECTBIICH Ha PAJIe MECTOPOXKACHUI Tshkenoi Hedtr B KyBeiite u ObL1 osyueH
MOJIOKUTEIBbHBIH OIBIT YCIICITHOTO NPUMEHEHHS HECKOJIBKUX IUKIOB CSS-00paboTKu.
[Tpu 3TOM OOI1IEE KOMTMUECTBO BOJIBI, JOOBITOM B KaKJJOM IIMKJIE, ObLIO HAMHOTO MEHb-
e, 4eM OXujanochk. B crarbe [11] mpencTaBieHbl 3KCIIEPUMEHTHI, KOTOPBIE OBLIH
MPOBE/ICHBI, YTOOBI HAWTH BOBMOXKHBIC IPUUMHBI BEICOKOTO yZIep KaHHs BOJIBL.

B crarbe [10] otmeuatoTcs HekoTOpble IpenmyniecTBa CSS-Bo3AENHCTBHA B CITydae
Tsokenoit Hedtu (8-15 API), Takue kak cpaBHUTENBHO ObICTpast JOObIYa HEPTH C BbI-
COKMMH 3HaUCHUSIMH 1e0UTa, HU3KHWE HavYalbHble HHBECTHULMH, IPOCTOE BHEAPECHHUE.
Opnnaxo, korya nporece CSS HaxoAUTCs Ha TIO3HEN CTa U, HEOOXOAUMO TIPOAYMAaTh
QJIBTEPHATHUBBI, YTOOBI YBEITMYUTh JOObIUY M YIYUIIUTh MAapoHE(TIHOE OTHOIICHHUE.
B kauecTBe ansTepHaTHBBI 715 YydlIeHus pe3yiasTatoB CSS paccmarpuBaiach 3aKad-
Ka a30Ta BMecTe ¢ mapoM. s onpeneneHus: onTUMaIbHOTO 00beMa a30Ta U CXEMBI
3aKaYKH UCII0JIb30BAIACh YMCIICHHAS MOECIb.

B crarbe [8] npemnoxensl crienuanbHble KOHCTPYKIMK CKBKUH JUIsl IPEJOTBpa-
meHus AeopMauii © METO I TPOMBICIIOBOTO IPUMEHEHHsI 00CaIHbIX TPYO A1l IIpo-
niecca CSS. TloBpexaeHus o0camHOl KOJTOHHBI B ckBaknHax CSS o0ycnoBieHBI B
OCHOBHOM [IOTIOJHUTENBHON IJIaCTHUECKOH AedopManield mpyu pacTITUBAIOLINX H
CKUMAIOIINX HAarpy3Kax BO BPEMsl TEIJIOBBIX LIUKJIOB.
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B xone npumenenus CSS-B0o3AeUCTBUS MPEUMYIIECTBO 3aKIHOYAETCS HE TOJIBKO B
CHIDKCHUH BSI3KOCTH He(PTH, HO ¥ B YCTPAaHEHUH HEKOTOPBIX BUIOB OKOJIOCKBaXKHHHBIX
MOBPEKCHUH, TAKUX KaK BBIHOC MEJIKUX TBEP/BIX YaCTHUII, ac(hajbTOBBIX U mapadu-
HOBBIX OoTiOkeHnH. K reomornaeckum (hakropam, BIFSIONIAM Ha Pe3yJIbTaT BO3ICH-
CTBHSL, OTHOCSITCS: COCTaB ITOPOJIBI, TONIIIMHA II1acTa, TUNIACTOBOE JIaBlicHHE, He(hTeHa-
CBIIIICHHOCTb, MPOYYKTUBHOCTh HEPA30TPETOro IiacTa, TyorHa macra [9].

Hecmorps Ha ycnenmHbrii onbIT mpuMeHeHnst CSS-BO3ISHCTBYS, 711 MAKCUMATTBHOM
3(h(HEeKTHBHOCTH IPUMEHEHHS ATOTO METO/Ia Ha IIPAKTHKE HEOOXOIUMO MOMICITUPOBAHIE
niporiecca. J{is oleHKr AOTIOHUTENHHO TOOBITONW HEPTH C TIOMOIIBIO ITAPOIHKITHYIC-
CKOT'0 BO3/ICUCTBHSI MOTYT OBITh UCIIOJIb30BAHbI AHAIMTHUECKUE M YUCIICHHBIC METOIBI
Mozenupoanus. CymiecTByromniue Mosienn CSS-Bo3aeiicTBUS HE MTO3BOIAIOT MPEICKa-
3aTh Ps/I TEXHOJIOTUYECKUX MTapaMeTPOB W HEJOCTATOYHO TOYHO OIMHCHIBAIOT PACIIPO-
CTpaHeHue (ppoHTa MmporpeBa.

[Ipu BBIOOpE ONITUMABHOMN CTpaTeruu pa3pabOTKH HauboJee CyIIeCTBEHHBIMU
napaMeTpamu SBJISAIOTCS: pa3Mepbl IporpeTon obaacTu, 1eOUT HePTH, BpeMs 3aKad-
KU TETUIOHOCHTEJS B TIACT U BPEMSsi, HEOOXOAMMOE JIJIs TepepacipeieIeHns TeTIo-
THI ¥ BTSITUBaHUS HE(PTH B IPOTPETYIO0 o0nacTh. s onpe/ieieHns BhIenepednc-
JICHHBIX [MaPaMETPOB BBOISTCS JTOMYIICHUS OTHOCUTEIIBHO MPOQUISI TPOrpeToit
30HBI, KOTOPbIC HE YUYUTHIBAIOT HAJIMYUE KOHBEKTUBHBIX M IPABUTAIIMOHHBIX CHII,
YTO CYIIECTBEHHBIM 00pa30M yIpoIIaeT MOASTHPOBAHNE W IPUBOINT K 3HAYUTEIb-
HBIM TIOTPEIIHOCTSIM [2].

JlaHHas cTaThs SBISETCS MPOJIOJKEHUEM 00JIee paHHUX UCCIICIOBAHUM U TIPE/I-
JlaraeT pacCMOTPETh MHOM BapHaHT JIBW)KCHUS TPAaHUIIBI (PPOHTA MTpOrpeBa. Y Tou-
HEHWE Pa3BUTHS TEIUIOBOTO IOJIA B IJIACTE CBA3AHO C 3a7aHueM (DOPMBI TPaHUIIBI
C y4eTOM TPaBUTAIMOHHBIX CHII, B OTIUYHE OT PaHEe MPEATOKEHHON MOENH, T
MPUHSATO JOMYIIeHne 0 (POHTAIBHOM PacIpOCTPAHCHUH TEIUIOBOTO (PpoHTa [1].
duznyeckure IpoIecchl, IPOUCXOIAIINE B IJIACTE, OMUCHIBAIOTCS C MTOMOIIBIO 3a-
KOHOB COXpaHEHUS, BHIYUCICHHS MPOU3BOMATCS C HCIIONH30BAaHUEM YHCICHHBIX
METO/TOB.

Ipensaraemasi Moe/ib NAPOLUUKIHYECKOT0 BO3IEilCTBHS

B pabore [4] npennaraeTcs HU3MKO-MaTeMaTHUECKast MOJIC/Ib, B KOTOPOM reOMETPHS
IporpeTor obmacTu umeet GhopMy IIITHHAPa. B paMkax maHHOH cTaThi GPOHT Mpo-
rpeBa OnpeneNnsaeTcs] HAKJIOHHOH JIMHUEH. DTO CBA3aHO C NPEUMYILIECTBEHHBIM pac-
IpoCTpaHeHUeM apa BOJM3HM KPOBJIH TIACTa M3-3a €r0 MEHBIICH IIJIOTHOCTH, YeM Y
HedTu. Takum 00pa3oMm, B 3HAYUTENBHON CTETICHH YTOYHSETCS TEOMETPUS IIPOTPETOi
obiactu. B mpemmaraemoii paboTe Takke paccMaTpHUBAIOTCS (PH3UYECKHE ITPOIIECCHI,
MIPOUCXOSAIINE B IJIACTE BO BpeMs npoBeneHus CSS.

IIycTe MakcUMalIBHBIM pajnyC NPOrpeBa UMEET 3HAYECHUE 7., & MOLIHOCTh
ruiacta — h. B nexapToBoil cucteme KoopIuHaT, TakoH, I/e €€ 0Ch X OPHEHTHPOBaHA
BHU3 110 MOIIHOCTH IIACTa, & 0Ch y — BIOJIb PaJHyca MPOrPeBa, BETUIMHEI /', U h
OIIPE/CIISIOT HaYaIbHOE TOJIOKEHNE TPaHULbI MEXIY IPOTrPeToil HeThIO U HePThIO,
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HMEIOILEHN TeMIIepaTypy, PaBHYIO HadyaJlbHOM MIacToBOU. IIpoTsikeHHOCTH 30HBI Mpo-

rperoii HepTH yMeHbInaercs. B paMkax mpemiaraeMoi MoJeI BepTHKaIbHas KOop-

JIMHATa IIPOrpeToi o0acTy racta uMeeT (PUKCHPOBAHHOE 3HAYEHHUE, a paanyc GppoH-

Ta IPOrpeBa U3MEHACTCS OT 7, IO HYIIA, IPUHUMAS 3HAYCHHE 7. T. e. r, onpenenser

IPaHUILy, IOCIIe KOTOPOH HIET 30Ha «XOJIOAHOW» He(TH, a A0 ATOW IPaHULIbI HAXOIMT-

Cs1 30Ha MPOrpeToi He(hTH, NMEroLIast OOMBIIYIO HOIBHKHOCTD M MEHBILYIO BSI3KOCTb.
CxemMaTHYHO CeYeHHUe TaKOH MOJIeNH IPUBEACHO Ha puc. 1.

0 EE Ty

1 ¥y

Y
Puc. 1. Teomerpus ABrwKeHHUs GpPOHTA Fig. 1. The geometry of the motion of the
MpoTpeBa B IIIACTE, N300paKeHHAS front of heating in the reservoir, depicted
B CEUEHUH MTPH MAPOIUKINIECKOM in cross section with a steam cycle

BO3JICHCTBUH

OueBUAHO, YTO B TPEXMEPHOM IPOCTPAHCTBE B KAXKABI MOMEHT BPEMEHH 00bEM
nporperoi odnacTu OyleT orpaHUYeH MOBEPXHOCThIO KOHyca. Ha puc. 2 nokaszaHo,
KakiM 00pa30M BBINILAMUT IIPOrpeTasl 00JacTb B HAYaJIbHBIH MOMEHT BPEMEHH B
IJ1acTe, UMENEM (GOpMy LMIMHAPA C PAIMYCOM KOHTYPa IUTAHUS 7.

[Tap, mocTynarouumii B IIacT, MpOrpeBaeT CKeIeT MOPOoAbl U He(Th, HACHIIIAIOLTYIO
ero B obnactu npu3aboifHOM 30HBI. J[BMKeHUE (QpOHTA MPOrpeBa MPOUCXOAUT CO
ckopocThio v. Ha ¢poHTe HakarmmBaeTcs KomudecTBo TermioTel H. Korma Temo,
3aKauMBaeMO€ B IJIACT, KOMIEHCUPYETCS IOTEPSIMU B KPOBITIO U MOAOILBY, GOPMHUPY-
eTCsl CTallMOHAPHOE paclpeniereHre Temneparypsl. [Ipu 3ToM Teronorepu B ciayyae
MpeIaraeMoi MOJIENH MPOUCXOJIAT MPEUMYIIIECTBEHHO B KPOBIIO, TaK YTO TEILIO-
MOTEPSIMH B NTOJOLIBY MOXKHO IpeHeOpedb. DTO B JaJbHEHIIEM IIPUBOJUT K YMEHb-
LICHUIO 3HAUYCHMS BSI3KOCTH HE(PTH, a 3HAYUT, B UTOTE — K YBEIUYCHUIO CKOPOCTH
¢unerpannu HedTH npu 100bYe. Brlmeonucannbie GU3NUYECKHE MPOIECCHl B CXeE-
MaTUYHOM BUJI€ TPOMJIIIIOCTPHUPOBAHBI Ha puC. 3.
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Puc. 2. T'eomeTpust mporpeToit odactu Fig. 2. The geometry of the heated region
B IIMJIMHIPUUYECKOM IUIACTE B in a cylindrical layer in a three-
TPEXMEPHOM H300paKeHUN dimensional image

0,

Puc. 3. CxemaTtuaHoe n300pakeHme Fig. 3. Schematic representation of the
(hM3UYIECKHX TPOLIECCOB, TPOUCKOSIIINX physical processes that occur when steam
MU 3aKadKe 1mapa B IIacT is injected into the reservoir

y,I[CJ'ILHLIC TCIJIOBBIC ITOTCPU U3 HOpHCTOﬁ CpCAanl, HaCLIH_IeHHOﬁ He(bTLIO, B KpOB-
JI¥O 11aCTa, BbIpAXXaCMbIC YCPE3 3dKOH Hyrotona — PI/IXMaHa, HUMCIOT BU!

q = a(T —To), (1)
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rae o — k03 GUIHMEHT Teru1ooTaauu; 7 — TeMIepaTrypa nporperoi odiactu HeTH;
T, — TeMneparypa B ILIACTE IPU HAYaJIbHBIX yCIOBHUSIX.

MomHOCTh CyMMapHBIX TEIUIOBBIX OTEPh U3 IPOTrPETOi 00JIaCTH, €CIIU IEPEXOIUTh
OT TEIJIOBBIX IIOTOKOB K KOJIMYECTBY TEIIOTHI, ONPEEIISIETCSI CIIEIYIONM 00pa3om:

aw 'f
— = f ara(T(r) — Ty)dr, 2)
dt T

rae ¢ — BpeMs; r, — PaauyC CKBaXHHbI; 1(r) — Temmeparypa B TOYKE 7, T. €. €€

cpeaHee 3HaYEeHHUe 110 CEUEHHIO TIIacTa.

Yurem, 4TO NpH 3HAYCHUH pajuyca GpOHTa MPOrpeBa OT HyIs 110 7, 3HAUCHHUE
TEMIIEPaTyphl SKCIOHCHIMAIEHO CHIMKACTCS, IIPH 3TOM B F, TEMIIEPaTypa paBHA
MIOCTOSIHHOMY 3Ha4€HHUIO T — TeMIIepaType HachIEHHOro napa. Torna uurerpan
BBIYHCIISIETCSA aHATUTHIECKH.

[Ipenaraemast reomeTpus Tu1acTa gaet 6oee TOYHOE 3HAUYeHHUEe JIJIsl MOIITHOCTH
CYMMapHBIX TEIUIOBBIX MOTEPH [3]. DTO 3HAUCHME B 2 pa3a MEHBIIEC B CPABHCHHUH CO
3HaYeHHEM, TOJIy4aeMbIM I IUIUHAPUYECKON MOJIENIH, KOTOpas He YYUTHIBAET
HaJIM4Yie KOHBEKTHBHBIX U TPAaBUTAIIMOHHBIX CHJI JIJIS OTIPEACTICHIS TeOMETPHH TTPO-
rperoit oomactu [4].

[ycTh 3akaunBaeMbli ap oONagaeT CIeayIOMUME (PU3NUECKUMU CBOHCTBAMHU:
IIOTHOCTB p , YAETIbHAs TEIUIOEMKOCTB C,, CKPbITasl y/IeIbHas TEIIOTA Tapoo0pasoBaHus /.
3akadka napa mpoOMCXO/IUT € TIOCTOAHHBIM OOBEMHBIM PACX0/I0M, paBHbM O . Eciu cko-
POCTb 3aKauKH TETJIOHOCUTEIIS IOCTOSIHHA, TO OHA OITPEIENISAETCS CISTYIOMINM 00pa3oM:

dH
E = Qsps(cs(Ts — Tp) + D). 3)
U3 paBencTBa Gopmyin (2) u (3) BbIpa3uM MaKCHUMaJIbHBIA pajuyc GpoHTa
mporpena:

_ 2Q3ps(cs(Ts B To) + l)
7= ma(—Ty) @

3Ha‘-IeHI/I$I, IMMOJIYYCHHBIC IJIs HpeHHaFaGMOﬁ KOHyCOHIL&J’IBHOﬁ MOACIN U NUIINH-
JpUveckoi, oTnruarotes B 1,4 pasa, npu 5ToM paauyc GpoHTa Mporpesa AJs Ipe-
naraemoii mojienu 6onpiie [4]. OqHako Takoe OTANYNE HE MPUBOAUT K YBEITHUEHUIO
NPOTSHKEHHOCTH MTPOTPETON 00JIACTH BBUJLY PAa3JIMUHBIX TEOMETPHUI IpOrpena.

[lepelizemM K BBIYMCICHHUIO MApaMETPOB, KOTOPBIE XapaKTEPU3YIOT JIBUKCHUE
TemnoBoro gppoura. C LesbI0 PacCYMTaTh BPEMs LIMKIIA 3aKaYKH Mapa ¢, PacluIIeM
00BEMHYIO CKOPOCTb ABIKEHUSI (PPOHTA IIPOrpeBa 110 ONPEIENICHUIO U Yepe3 CKOPOCTh
TEMIIEPATYPHOTO Ckauka K, = R /R , BRIp@KEHHYIO Yepe3 R — TEIIocoiepKanue
napa, R — TEmIocoiepKanue nopoibl. [IpupaBHuBas 3T BEIPAKEHHS 11 00BEMHOM
CKOpOCTH, MOJTyIYHUM

_ mh(f =12 Q.Kr
s 3t; m’

)

TAc m — MOPUCTOCTD.
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W3 3T0T0 BBIpasKEHHS TIOTyYHM UCKOMOE BPeMsI [IsI IIUKJIa 3aKaUKH TETTIOHOCHTEIS:
mmh(rf —rZ)
1= " %55 1
3Q3KT
W3 cooTHOmEHus (5) MOYKHO TOTYYUTh BBIpaXXCHUE IS Paiyca 30HbI, 3aI10I-
HEHHOM nporpeToi HedThIo. 111 5TOro HeOOXOAMMO 3aMEHMTD ¢, Ha BPEMS, 3a KOTO-
POE pazuyc MPOrpeToii 06IACTU CTAHOBUTCS PABHBIM 7 , TEMIOCOAEPKAHUE TIapa R
*
Ha Temocosiepkanue HepTh R 1 oObeMHbIi pacxon O, Ha nedut wedru O, T. K.
paccMaTpuBaeTcs CTaans J0ObYH. B TakoM cirydae nCKOMOE BRIpayKeHUE IMEET BU/L:

r(t) =

Ha Bropom 3Tarne naponuKiIn4ecKoro BO3ACHCTBUS Nap B IU1acT He nocrynaet. [Ipu
9TOM TETJIOBBIE IOTEPH B OKPY>KAFOIIHE TOPOJIBI HE KOMITEHCUPYIOTCSI 3aKadkoi. KoH-
JICHCAIus mapa B Mpu3abolHON 30He TIPHBOIHT K PE3KOMY CHIDKCHHUIO €ro o0bheMa.
Takum oOpazom, B pr3a0OHHON 30HEe 00pa3yeTcst 3HaYUTeNbHas Aenpeccus. bynem
npenoiarark, 4YTo MpoLecchl KOHACHCALUH, TeINI000MEHa U BTATMBAaHMS HE()TH paB-
HOBecHBI. Torna maBieHre W TemIiieparypa B 00JacTH MapoBOTO IJIATO TOCTOSHHBI.
B cBoro 0o4ucCpelib, 5TO NPUBOAUT K MTHOBEHHOMY BTATUBAHUIO HC(bTI/I U3 «XOJI0AHOI'0»
1acTa B IPOTPETYIO 00IACTb U K €€ IPOTPEBY.

Torna popmyrna (2) mpu NPUHATHIX TOMYIISHUSX 3AIMUILETCS CIEAYIOIIIM 00pazoM:

dw s (r)
——a(Ts = To), (6)

Ts
o er nra(Ty — Ty)dr = 3

rie 7, — pajuyc 30HbI IapOBOTO IIATO.

[Tpu HaxoxqeHun nHTErpaia B Gopmysie (6) paanyc CKBaKHUHBI TOCTATOYHO MaJ,
MO9TOMY MM MOXKHO ITpeHeOpedb.

MOIITHOCTh TETUIOBBIX MTOTEPh KOMIICHCUPYETCs KOHICHCAIINEH, TIPH 3TOM TETLI0-
Ta, BBIJIEISIEMast 32 CYET OIMCAHHOTIO TIpolecca:

da / am
dt  dt
rne M = (1/3)mr *hmp C — macca napa B npu3a6oiinoii 30ue; C — KOHLEHTpaLus
napa B TETJIOHOCHTEIIC.
JuddepeHnuanbHoe ypaBHEHHUE JJIsl OTPEICTICHHsI pauyca 30HbI TAPOBOTO
IIATO 7, TIOJTyYUM, TIPUPABHUBAS NIPABBIE YACTH BhIpakeHuid (6) u (7):
dr, 3a(T, — T
s _ ( N 0) e (8)
dt 4lpsmh(C

2 dr,
=-3 lpsmhCrry d_:' (7

IIpU 3TOM NOJTy4YCHHAs (bopMyna OIpeAcIsACT CKOPOCTh q)pOHTa KOHJICHCAlUH.
Hycts nmerores ciaeayomue HadanbHbie yenous: (=0, r = r,. Torna u3 -
(hepeHIMaIbHOTO ypaBHEHUS pajinyc 30HbI HAPOBOTO IUIATO:
3a(Ts - TO)

_ _ 9
Ts = Ty eXp 41p.mhC t] ©)
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ITockonbKy 3aBUCHMOCTD pajinyca 30HbI MAPOBOTO TUIATO OT BPEMEHH MPOIiec-
ca KCIMOHCHIIMATbHAS yOBIBAIOIIAS], TO MOKHO BBECTH XapaKTEPHOE BPEMsI ITPOIIeC-
ca Kak BpeMmsl, KOr/a BeJIMYMHA YMEHbINAETCs B e-pa3. Clie0BaTeIbHO, XapaKTePHOE

4lpsmhC
3a(Ts - TO) .

Bpemst 1apoTemnIoBoil MPONUTKH CIEYET B3ATh OOJIBIIE, 9eM £,, T OOIIee 1o-
HOTO 3aBepILCHHUS Mpoliecca KoHaeHcauu. [IpumMeM BpeMst TapoTeIIOBOM MPOMTUTKH
paBHbIM 72, [4].

ITpu ncnonb3oBannu qaHHbIX st MecTopokaenus [lo-Ben-Tam (Q, = 0,001 288 M/c;
TUTOTHOCTH Tapa 67,19 kr/m?; ¢, =4 150 bx/(xr - K); T, = 422,04 K; T, = 300 K;
1=2.3 M]Ix/kr; o= 22 Br/(Mm? - K); r,=0,1 m;m=0,26; h = 18,3 M; ynenbHas Temio-
emrocth opoanl 1 000 Jix/(xr - K); mmotHocTs moposst 2 500 kr/v?®; C = 0,78) pac-
CUMTAaHHOE 3HAYCHHE BPEMEHU ITUKJIa 3aKaUKH TTapa COCTABISET 88 MHEH, peambHOE —
44 mus. PacueTHOE 3HAUCHUE BPEMEHH TApOTEIIIOBOM MPOIMUTKA — 3 JHS, TIPH 3TOM
MPOMBICIIOBOE 3HaYeHUe — 35 mHell. CyMMapHOe BpeMs MEXIy HUKIAMH JOOBIYH
COCTaBJISICT TI0 JJAHHBIM MonenupoBanus 91 neHb, Ha poMbiciae — 79 auelt. Takum
00pa3om, Tosry4eHa TOUHOCTh 15% Jist 00111ero BpeMeH! MEKIy HUKIIAMH, ITPU 3TOM
peajbHbIC U pAacUETHBIC 3HAUCHUS] BPEMEH 3aKauKH Iapa U MapoTerUIOBOH MPOIUTKH
COBIAJIAOT MO TIOPSKY BENUYMHBL. Mojienb Bepr(DUIIMPOBAHA.

[Mpunumas muHelHOE MPUOIKEHHE, OyIeM CUMTATh, YTO TEMIIepaTypa miacta
npu QUIBTpaK Yepes Hero HeTH pacpoCTpaHIeTCs B BUIE CKauKa TeMIIEPaTyphl
ot 3Ha4enus I, no 7,. Toraa mocine napoTeryioBoi NPOMUTKY 30Ha, OM3Kas K CKBa-
K1He, OyJIeT 3aIl0THEHa MPOrpeToii He)Thio Npu Temneparype 7.

Bripaxkenue 11 TEIIIOCOACPKAHUS IPOTPETON HEPTH UMEET BH/I;

BpEMs TapOTEILUIOBOM MTPOMTUTKH paBHO &y =

1
— 2 2
Hl —TL’h(gT‘* _TW) RO(TS _TO)I (10)
rae Ro = mp()co; ’Du — IINIOTHOCTH He(bTI/I; CO —_— yﬂeHLHaﬂ TCILJIIOEMKOCTDH He(I)TI/I.

ITpu 5TOM KOJIMYECTBO TEIIOTHI, KOTOPOE OBLIO OTOOPAHO y CKeJleTa IacTa Jyis
HpOFpeBa He(bTI/I, OHpeI[eJIHeTCH Bpra)KeHI/IeM BHUaA.

1
H, = §nh(rf2 —12)R,(Ts — Tp), (11)

me R =(1—m)pc +mpc.
W3 paBencTBa npasbix gacteir popmyn (10) u (11), T. e. yunTbiBast ycioBue Te-
TUIOBOTO OanlaHca, BRIPA3HM paanyc 00IacTH MporpeToi Hedru:

r?R,. + 312R
= ST Two (12)
R, + R,

W3 3akona Jlapcu ckopocTh GUIIbTpaiuu (hIIrou1a uepe3 MOpUcTyro Cpeay paBHa
OTHOIIICHUIO JieOuTa 3ToN (Pa3bl K MUIONIAU (PUIBTPAIINHU, & TAKKE MPSIMO MTPOIOP-
[IMOHAJIbHA TPAIUCHTY NaBleHus. Torma st cirydast mpeiaracMoi KoHycooOpa3HOi
Mojieny OyeM UMETh PaBEHCTBO:
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¢ kdp (13)
T R ndr
I1e ¥ — paauanbHas KOOpAHHaTa; kK — abCOoJIOTHAS MPOHULAEMOCTh IIACTa; p —
JaBJICHNE; { — BSI3KOCTh HE()TH MPU HAYAJIbHBIX TJIACTOBBIX YCIOBHSIX.
Paznenss mepemennsle B BoipakeHuH (13) u HHTErpupys 1O paguaibHON KOOp-
JIMHATE OT 7, JIO 7, ¥ 1O JIABJICHHUIO OT 3HAYEHHs Ha 3a00€ CKBAKUHBI P, 10 3HAYCHHUS]
Ha KOHTYPE MUTaHMA p , NOJy4IUM CJIEYIONIEE BIPAKEHUE ISt 1ebuTa HedTH:

2nkh(p: — pw)
Q= h+rc hir' (14)
uln w. —=¢

h—r, h+r,

YuuThIBast 30HATbHOE U3MEHEHHE TEMIIEPATypPhl U BI3KOCTH HEPTH, TEOUT KU/
KOCTH B CKBXUHY IS TIPEIJIaraeéMoi TeOMETPUH IBIKeHHS (DPOHTA TPOTpeBa:

2mkh(p: — pw)
Q= 1|h+7”c -7 1|h+r h—rw|’ (15)
h—r, h+r* prin n h+rn,

IJie i, — BA3KOCTh IIPOrPeTOd HEPTH.

Jlebut cKBaXXMHBI, pacCYUTAaHHBIN 10 hopmyre (15), MOKeT OBITH armmpOKCUMHU-
POBaH SKCIIOHEHINABHBIM TPeHAOM. Toria TONoNMHUTEeIbHAST HAKOTICHHAs 100bIYa
10 CPAaBHEHHMIO C eOUTOM Oe3 BO3AEHCTBHUS € YUETOM YMCIIA [TUKJIOB HMEET BHI:

t3
t t A
Q, = —4J AeBtdt = —4—(eBt3 - 1), (16)
t1+t2+t30 ty +t,+t3B

e ¢, — BpeMs CTaJuH J0ObIYH, ONPENENIEMOE SKOHOMUYECKH d(PPEKTUBHBIMU
HoKasarensamu 1ebuTa; ¢, — ol1ee BpeMs pa3paboTku 4; B — IOCTOSHHBIE TPEH/A.

JononHuTenpHas HaKoIieHHast 100b4a (16) 3aBHCUT OT JUIMTEIBHOCTH CTaIHU
N00bIMH 7, B Kak10M 1uKiIe. CleNoBaTenbHo, Ul MAKCHMAIBHOH 5Q(QEKTHBHOCTH
TIpOoIIecca MapOIUKINIECKO 00padOTKH HEOOXOMUMO €€ UCCIICIOBAHNE Ha SKCTPEMYM.

MeToa0/10TrHs MCCJIe0BAHUS
Hrororoe BeIpaskeHne A1 1eduta (15) siBisieTcst TpaHCIICHACHTHBIM, T. K. KOOPAWHATA 7',
SIBIISIETCSI HETTMHEHHOW (DyHKIMEH Ae0UTa W yYWUTHIBAET 3aBUCHMOCTH OT BPEMEHH.
[TosTOoMy 1€OUT HAXOAWTCS C TIOMOIIBIO YHCICHHBIX METO/IOB, & IMEHHO PeIaeTcst
UTEPAIIMOHHBIM MeTO/IOM HbI0TOHA (METOZOM KacaTelIbHBIX ).

OOt Bua GopMylibl HTEPAIMOHHOTO MeTosa HploTOHA /151 1eObuTa nMeeT BUJI:

f(@n)
f1(Qn)

Boruncnenns npexpamarorcs, korma Q| = O+ &, IJie £ — 3a/laHHast TO4HOCTb,
T. €. 3Ha4eHne Q | TIOMANAET B £-OKPECTHOCTb.

B 3aBucHMOCTH OT mapaMeTpoB pa3padOTKH MOTyUYeHHAs 3aBHCHUMOCTH MOXKET
OTIMCHIBATHCS SKCITOHEHITUATBHBIM TPEHIOM WM TTPSIMOM. J{71s TOro 9T00BI paccuuTaTh

Qn+1 = Qn — (17)
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HaKOIUJICHHYIO 00Ty 110 hopmyrie (16), Obut BEIOpaHBI TapaMeTPhI, TPH KOTOPHIX
3aBUCHMOCTB JIeOMTa OT BpEMEHH MOXKET OBITh alllIPOKCHMHPOBAHA YKCITOHCHITNAIb-
HBIM TPEHJIOM.

JuddepentmpoBanue Boipaskenus (16) n npupaBHUBaHUE TIPOU3BOITHOM K HYJIIO
JUTSL HAXOXK/ICHHS SKCTpeMyMa MPUBOUT K TPAHCIICHICHTHOMY YPaBHEHHIO, rpadu-
YeCcKOe perIeHre KOTOPOro J0Ka3bIBAET HATMUUE IKCTPEMyMa.

Pe3yabTarsl

Jlst MonenipoBanust ObUTH BBIOpaHBI Ciieytonme napamerpsl: 4 = 0,2 Tla - ¢; u, =
=0,02MMa-c;r,=150m; 7, = 0,1 m; O, = 0,1 M’/c; p_= 2 500 xr/™’; p, = 800 kr/m*;
p, =40 xkr/v’; ¢ = 1000 Ix/(xr - K); ¢, =4 500 JIx/(xr - K); ¢, = 4 400 JIx/(xr - K);
[ =2300 000 JLx/kr; T, =350 K; 7= 550 K; 2 = 0,5 Bt/(M? - K); m =0,2; h =30 m;
p.=100-10°ITa; p =10 - 10° I1a.

YuceHHbIE paciyeThl HAKOIICHHOH 100bYM O C HCHOJIB30BAHUEM JIAHHBIX
MOJICTTLHOTO 00BEKTA MOATBEPIK/IAIOT HATMUUE SKCTpemMyMa (puc. 4).

0,0 M 25000

20000

15 000 \

10 000 /

5000 /

0
0 100 000 200 000 300 000 400 000
t3, C
Puc. 4. 3aBUCMMOCTh HAKOILICHHOM Fig. 4. The dependence of the accumulated
100b4u Q| OT BpEMEHH LUKIIA 100bI4H production Q _; on the time of the production
npu npumereHnn CSS cycle when applying CSS

Jis pacyeTa ObUTH UCTIONB30BaHBI ITAPAMETPHI C PEATLHOTO 00BEKTa — MECTO-
poxzenus llo-Ben-Tam [7]: u =2 1a - ¢; u, = 0,011 Ha - ¢; r, =150 m; r, = 0,1 m;
0,=0,001288m/c; p. =2 500 kr/M*; p =964 kr/M’; p = 67,19 kr/M*; ¢, = 1 000 Iic/(xr - K);
¢, =2 500 JLx/(xr - K); ¢, =4 150 Jbx/(xr - K); [ = 2 300 000 JLx/kr; T, =
=300K; I'=422,04 K; =22 Br/(m* - K); m = 0,26; h = 18,288 m; p_= 130,91 - 10° I1a;
p, = 13,78 - 10° Ila.

3aBHCUMOCTH 1eOnTa HeTH OT BPEMEHH NPE/ICTaBlIeHa Ha pHC. 5.
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Puc. 5. 3aBucuMocTh 1edbuTta HEPTH OT Fig. 5. The dependence of oil production
BpPEMEHH IS pa3pabOTaHHON MO on time for the developed model

OO0cy:xnenne

Takum 00pa3oMm, B IAaHHOH CTaThe OBLIO BBEACHO JIOMYIIIEHHE OTHOCUTEBHO JIBHIKCHUSI
IpaHUIIB PPOHTA MPOTrPEBA, YUUTHIBAIOIIECE HATNUHE KOHBEKTHBHBIX U IPaBUTAIIMOHHBIX
cw1 Ipu (hOPMUPOBAHHH TIPOQHIIS TPOrpeToit 30HEL. [Ipu 3TOM PpOHT IIporpeBa omnpe-
JIeTSIeTCsl 3HAUSHUSIME MOIIIHOCTH IJIacTa U paamyca (poHTa mnporpesa. B jgaHHOM
ciiydae pajuyc GppoHTa MPorpeBa U3MEHSETCS OT MAKCUMAILHOTO 3HAUSHHS JIO HYJIS,
OJTHAKO B OTIIMYHH OT paHee MPETIOKEHHON MOJIEITH MOIITHOCTH ITPOIPETOM YACTH TIacTa
nMmeeT (PUKCUPOBAHHOE 3HAYCHHE.

U3 3akona [lapcu mosyuena Gopmysia, MO3BOJISIIONIAS ONPEICTHTh JSOUT CKBAXKH-
HBI B ClTy4yae MapoTerioBoi 00pabOTKH IJ1acTa ¢ YIeTOM Pa3MepoB MPOTPETOM 30HBI
JUTSL TIpEeIIaraeMoit reoMeTpru (poHTa Mporpesa.

[pu HAXOXKICHUH ONITUMATEHOTO BPEMEHH JIOOBIYH ObLIT HCITOJb30BaH SKCIIOHCHITH-
AITBHBIN TPEH T VTS 3aBUCUMOCTH JIeOHMTA OT BPEMEHH, ¥ 3TO CIIPABEIUTHBO NPH YKa3aHHBIX
rapameTpax, BBIOPaHHBIX JUTsl MOIETUpoBaHust. OIHAKO TaKas 3aBUCHMOCTD MOXKET HMETh
TpeH[I, ONM3KUIA K THHEHHOMY, KaK, HarlpuMmep, TIPH rapaMeTpax, BRIOpaHHBIX JJIs 110~
CTpoeHus rpaduka Ha puc. 5. DTO clieqyeT YIUTHIBATh NPH PacueTe ONTUMATEHOTO
BPEMEHH TOOBIYIH TS TOTO, UTOOBI He OBIII0 3HAYHUTENILHBIX ITOTpeITHOCcTel. Kpome Toro,
B OTOM 3aKJIFOYACTCSl OTIIMYUE MPEIIOKEHHOW MOJIEITH OT MOJCIH IHIHHAPHIECKOMN
MPOrPETOi 0ONACTH, HE YUUTHIBAIONICH KOHBEKTUBHBIC U IPABUTAIIMOHHBIC TOTOKH.

BbL10 MpoBeieHO UCCTeIOBAHUE 3aBUCUMOCTH HAKOTUICHHOM TOOBIYU OT BPEMEHU
no0brun. [loyyeHHasr 3aBUCHMOCTh UMEET MaKCHUMYM, KOTOPBIN ONpesesisieT ONTH-
MaJbHOE BPeMsI TOOBIUH.

s mpemutaraemMoit Mozienu Obljia mosrydeHa To9HoCTh 15% amst ob1ero Bpeme-
HU MEXJy [IUKIAMHU, IIPU 3TOM PEaibHbIC U PACUCTHBIC 3HAYCHUS BPEMEH 3aKa4YKH
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napa ¥ NapoTeryiOBOM MPONUTKH COBMAJAIOT IO MOPSAAKY BennuuHbl. CpaBHEHHUE
pacyeTHBIX PE3yIbTaTOB C HPOMBICIOBBIMHU JAHHBIMU ITO3BOJIAET CYIUTh O TOYHOCTH
NPUHUMAEMBIX NPH MOCTPOCHUU MOAEIH JONylleHUH. B nanHoM ciydae mozpenb
MOKHO CUHTaTh BEpUPHULNPOBAHHOM.

BoiBoabI

1. Takum oOpa3zomM, mpeasioxkeHa Mojenb nporecca CSS ¢ yrouneHHOH reome-
TpUEH TEIUIOBOTO.

2. Ilonyuensl aHanUTHYECKHE POPMYJIBI ISl PACYETOB BPEMEHH OCHOBHBIX CTAIHI
nporecca, Ae01Ta He(hTH ¢ y4eTOM IPUHSTHIX B MOJIEJIN JOMYIICHUH OTHOCH-
TEJILHO TPaHMIIBI (PPOHTA TIPOTPEBa.

3. [IpeanoxeHa MeTOMKA, TO3BOJISAIOLIAS ONIPEAEITUTH ONTUMAJIBLHOE BPEMSI JI0-
OBIYM TIPH Pa3JIMYHBIX MapaMeTpax IIiacTa.

4. Ha nmpumMepe peanbHOTO MPOMBICIOBOTO 00BEKTa MPOBEACH pacdeT BPEMEHU
3aKa4yKy [apa, BpeMEHH NapoTEeIUIOBOM POMUTKY, PEHIeHa 33/1a4a 00 ONTUMHU-
3a1Mu 100bIYM. XapaKkTepHbIe BpeMeHa COMIACYIOTCS ¢ peabHBIMU JTaHHBIMH.
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Abstract

Depletion of oil reserves leads to need to develop unconventional and hard-to-recover reserves,
including high-viscosity oil fields. An effective way to do this is to use thermal enhanced oil
recovery methods. Existing models do not consider the actual displacement of the heating
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front with convective flows. Therefore, the actual tasks are to model the physical processes
occurring in the reservoir and to optimize the technological parameters of the development
during cyclic steam stimulation.

This article is a continuation of earlier research and offers to consider a different version of
movement of boundary of heating front. Clarification of the development of thermal field in
reservoir is associated with setting the shape of boundary considering gravitational forces, in
contrast to the previously proposed model, where the assumption of the frontal propagation
of the thermal front is accepted.

The aims of the article are to determine the production rate for cyclic steam stimulation
with described geometry; calculation steam injection time using real data, optimization of
production.

The research methodology is based on the use of a system of conservation laws. The main
equations are solved analytically, and the flow rate is calculated using Newton’s iterative
method.

Thus, this article offers the first integrated physical-mathematical model of cyclic steam
stimulation, considering the presence of convective and gravitational forces in the formation
of heated zone profile. Problem of production optimization is solved using real data. The
characteristic times are consistent with the real data. These calculations help to choose the
most rational development strategy.

Keywords

Physical and mathematical simulation, hard-to-recover oil reserves, cyclic steam stimulation,
temperature distribution in the reservoir, flow rate, optimization of development parameters,
enhanced oil recovery.
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