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AHHOTALUSA

Crartbs TIOCBAIICHA aHAJIN3Y YyBCTBUTCIIbHOCTH 6e3pa3MeprIX KOMIIJIECKCOB HO}]OGI/I}I MOICIN
naporpaBUTALMOHHOTO ApCHAXKA. HpI/IMeHeHI/Ie METOJa MaporpaBUTALIMOHHOTO APCHAXKA ITPH
pa3paboTKe TPYTHOM3BIEKAEMBIX 3aI1aCOB OCIOKHEHO HEOOXOAMMOCTHIO BEIOOpA PallOHANb-
HOU CHCTEMBI pa3pabOoTKH, IS 4ero TpeOyeTcs Takke MOHUMAHHE TIPOIIECCOB, MPOMCXOMISIITHX
B IUIACTe, M UX BJIMSHHUS HAa MpUMEHeHHe MeTofa. [loaToMy akTyanbHOM sBIsETCS 3a/1aua
MOJIETTUPOBAHNUS TIPOIIecca MaporpaBUTAIMOHHOTO IPEHaXa ¢ MOCIETYIOIIM aHAIH30M
YyBCTBUTENBHOCTH TEXHOJIOTHUYECKHIX MOKa3aTeNel OT CylIeCTBEHHBIX apaMeTpoB (pacxona
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3aKa4MBAEMOT0 1apa, TEMIIEPATy bl 1apa, CXeMbI PACCTAHOBKHU CKBAKHH, ICTIPECCHH U PENPECCHH
Ha CKBKUHAX ) U XapaKTEPUCTHK I1J1acTa (MOLLIHOCTH, TeToeMKocTH). CyecTBYIONIHUE padOoThI
He TIPOBOIMIM KOMILIEKCHOTO QHAIIM3a BIMSHUS BceX BEMMUMH. B TaHHOM cTaThe Takoi aHamm3
MPOBOIUTCS BIIEPBbIC, B UEM U 3aKITIOYAETCsl HOBM3HA pabothl. Lleib 510l paboThl — aHamus3
BIIMSIHUS OCHOBHBIX XapaKTEPUCTHK U APAMETPOB Ha 3HAYCHHE TEXHOJIOTHUCCKHX MOKa3aTenei
nporecca NaporpaBUTALIOHHOTO ApeHaxa. OCHOBHBIE METOIB — 00e3pa3MepuBaHie (HHU3UKO-
MareMaTHYeCcKOi MOZIEIH MPOLIECCa H PacieT ¢ MOMOLLIBIO IBHOH KOHEYHO-Pa3HOCTHOM CXEMBL.
Brinenstorest Ge3pazMepHble KOMIUIEKCHI TTONO0HS, HMEIOIIHME CYLIECTBEHHBIN BKJIaJ B IIPO-
necc. Onpenensrorcs 3Ha4eHNs BKHEHIINX TEXHONOTHUECKUX TapaMeTpoB — KO3 HULMeHTa
OXBaTa IJIacTa ¥ BpEMEHU PeHTA0EIbHON pa3paboTKY IPH Pa3IMYHbIX 3HAYCHUSX BEIOPAHHBIX
Oe3pa3MepHbIX KOMILICKCOB TTO00HS, XapaKTepH3yIOLX CBOKCTBA IU1AcTa, (IIOMIO0B, CUCTEMY
Pa3pabOTKH U HpoLiece NaporpaBUTALMOHHOIO JIpeHaxa. B pesynbrare pacueToB oTMeyaercs,
9T0 HaHOOJIbLIICE BIMSHKE Ha IPOLIECC AP0 PABUTALMOHHOIO APEHaXKa OKa3bIBAOT TpH Oe3pas-
MEPHBIX KOMILIEKCa O100M S, XapaKTePH3YIOLIMX COOTBETCTBEHHO COOTHOILICHUE IEOMTOB BOJIbI
1 He()TH, TEIUIOBbIE TIOTEPH 110 BEPTHKAIH U 10 TOPH30HTAIIN U cHcTeMy pa3paboTki. [1okazaHo,
YTO CYLIECTBYIOT 3()(EKTHBHbIC 3HAYCHHUS ICTIPECCHH Ha TLIACT M PACCTOSHUS MEKIY Tapamu
ckBaxkuH. CTaThs HOCUT HayqHO-MeTOIM4ecKuid xapakrep. [1o pe3ynsraram pacueToB AatoTcs
o0mpe peKOMEHIALMK ISl BO3MOKHOTO MOCIIEIYIOIEro MPUMEHEHHST METoa Ha KaKOM-JIH00
peanbHOM MECTOPOKIACHNN M BHIOOPA CUCTEMBI Pa3pabOTKH.

KiroueBble ciioBa

[TaporpaBuTalOHHBII JpeHAX, TEIUIO(QH3UKA, TEPMOANHAMUKA, Oe3pa3MepHbIC KOMITIEKCHI
1107100¥5, MEXaHUKa MHOTO(A3HBIX CHCTEM, TIOBBILICHHE KO3 dHIMEHTa 0XBaTa, YyBCTBH-
TEJIBHOCTH MOJIEIIH.
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BBenenue

Merton naporpaBUTAIIMIOHHOTO IPEHAXa IIPUMEHSETCS JIJIs pa3paboTKU TPYIHOU3BIIE-
KaeMbIX 3aI1acoOB BBICOKOBsI3KOH HedTH. CTparerusi pa3pabOTKH 3TUM METOJOM 3a-
BHCHUT OT CBOKCTB IuTacTa, ()IFOUIOB, XapaKTePHBIX MapaMeTPOB CaMOro Mporecca.
[ToaToMy akTyanbHOM 3a1a4el SBISETCS MOJISIMPOBaHUE IPUMEHEHUST METOIa TIapO-
TPaBUTAIIMOHHOTO JPEHaXKa ISl BHIOOPA ONTUMAIILHOW CTPATervu Pa3paboOTKH.

[Ipu ucnonp30BaHUK METO/A MMAPOTPABUTAIIMOHHOTO JApeHaxa (steam-assisted
gravity drainage, niun SAGD) B mmacte OypsATcsl 1Be TOPU30HTAIbHBIC CKBAYKHHBI:
HWOKHSIS, KOTOpasi SIBISIETCs TOOBIBAIOIIEH, HAXOAUTCS BOJU3M IOMIOIIBHI IJ1acTa,
BEPXHsS PACIIOJIOKEHA HaJl HIDKHEH Ha paccTossHuU oT 5 10 10 M 1o BepTUKaiu u
SIBIISIETCSI HAarHeTaTesbHOH [ 1]. Ha mepBoHayambHOM 3Tane B 00eMX CKBaKHHAX LIUP-
KyJIMPYET Iap, MPOUCXOIUT IPOTPEB 30HbI MEXKTy CKBaXKHaMU. Ha ocHOBHOM cTanu
4yepe3 BEPXHIOK CKBAKUHY 3aKAUYUBAETCS Iap, B pe3yJIbTare uero GopMHUpyeTcs ma-
poBasi KamMepa, B KOTOpOil He(Th CTAHOBUTCS OoJiee TOABIKHOW M3-3a HarpeBa, a
TaKXKe MOSBISIETCS] CKOHJIEHCHPOBABIIIasics U3 rnapa Boga. CMech He()TH U BOJIbI U3-3a
TPaBUTAIIMOHHOTO Pa3JIeIeHUs] CTEKAeT BHU3 K JOOBIBAIOIICH CKBAKUHE.
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st monenuposanus mponecca SAGD kiroueBoe 3HaueHue umeet Gopma napo-
BOI KaMephbl, TO3BOJISIONIAs CyAUTh 00 00JIacTH HArpeToi HeTH, KOTOPYIO MOXKHO
oObITh. [{st pemenus stoit mpobiemsr K. X. Yanr u P. M. batnep nposenn yau-
KaJIbHbIE SKCIIEPUMEHTBI C YMEHBILIEHHON MOJIENbI0 TopucToit cpeasl [6]. [1o natuun-
KaM TEMIIepaTypbl CTPOMIICH U30TEPMBbI, KOTOPBIC U OTNPEIEIISII TEOMETPHIO NTapo-
BOii KamepslI (puc. 1). YeraHoBIeHO, 4TO OHA UMeeT (HopMYy, OIM3KYIO K TPEYTOJIbHU-
Ky; B HayaJbHBIH MOMEHT BPEMEHHU POCT KaMephl HAET NPEHMYIIECTBEHHO IO
BEPTUKAJIM C TIOYTH IOCTOSIHHBIM BEPIIMHHBIM YIJIOM, 3aT€M, HOCJIE JOCTHXKCHHS
KPOBJIM IJIACTa, MPOAOIIKACTCSI POCT B TOPU30HTAIBHOM HaIlPaBICHUHU.

20

ic

150 min. 210 min.
Puc. 1. TeomeTpus mapoBoit kKaMepbl Fig. 1. Steam chamber geometry from
n3 skcnepumenToB K. X. Yanra experiments by K. H. Chung and
u P. M. Batnepa R. M. Butler
HUctounuk: [6, c. 39]. Source: [6, p. 39].

C y4eToM npeanonoKeHus 0 TpeyroiabHoH Gopme napoBoii kameps! P. M. batnepom,
I. C. MakHa6om u X. I. Jlo 6bu1a paspaboTana MoJielb PacueTa HaporpaBUTAIHOH-
HOTO AipeHaxa [5]. OHa BKiItouaeT B ce0st ClIeAyIOIIIe IPETOI0KEH s : HarpeTast HeTb
BMECTE C BOJOH CTEKaeT K JOOBIBAIOIICH CKBaKMHE 10 3akoHy [lapcu, TemiooOMeH
yepe3 CTEHKU KaMephl UAET 3a CYET TEIJIONPOBOAHOCTH MO 3aKkoHy Dypbe, MPUTOK
He(TH B KaMepy PaCCUNTHIBACTCS C IOMOIIBIO YpPaBHEHHsI MaTepraibHOro OanaHca. B
KauecTBe coBepieHcTBoBaHus 3ot Monenu J. K. Pelic [12] ucnons3oBan pisa pac-
YeTa TerI000MeHa SKCIIOHEHUAIBHOE PaclpeieieHIe TeMIIepaTyphl BOIN3H MPaHHULIbI
MapoBOI KaMephbl AJIS JTYUILETro COBMAAEHHS C IPOMBICIIOBBIMU JAHHBIMHU.

@. P. Cxort ®epriocon u P. M. Batnep [9] npennoxunu paccMoTpets 3P GexT
OCTBIBaHM NMapOBOI KaMephl OCIE MPEeKpalleHus 3aKkauky napa. beiino ycranosie-
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HO, YTO OCTAaHOBKY HATHETAHUS CJIEYET OCYILECTBIISATH P JOCTHKEHUH KaMEPOU CBOMX
MaKCUMAaJIbHBIX Pa3MEPOB.

Jpyrum HanpasnenueM pacuera rpouecca SAGD sBnsiercs ananms npopbisa apa B
noObiBaroryto ckBaxkuy. H. P. Onmynnc u C. /1. I'uttunc [§] ¢ HOMOIIBIO TPOMBICIIOBBIX
JIAHHBIX BBISIBUJIN BIIMAIOLIME ITApaMETPBL: TEMITEpaTypa 3aKauuBaeMOro Iapa, IPOHHIa-
€MOCTb IIaCTa 1 [lepenaj JaBleHus MKy HarHeTaTeNIbHOM 1 T00bIBaroLIel CKBaKHUHA-
MH. Maremarnueckoe MOJEITMPOBAHKE MIPOLIECCA, JAIOIEE YHUBEPCATIBbHbBIE PEKOMEH AU
JUISl Pa3INYHbIX I1J1aCTOB, HE TIPOBOIMIIOCH.

Paccmotpenye BiAMSHUS pa3iMUHBIX apaMeTpoB Ha npouecc SAGD HeoOxomumo
1uist HanOonee > dextrBHON paspadotku. M. Xeiinapu, C. X. Xemxazu u C. M. @apyk
A [10] mposerm mozeposanue 1o Moaeru P. M. Barepa, I. C. MaxHa6a u X. i. JTo
[5, c. 456-459] ¢ y4yeToM 3aBUCUMOCTH TEIUIOEMKOCTH (MIIOHMIA OT TeMIIeparyphbl Ui
JIy4IIEro CoBHaeHus ¢ skcrepuMeHTanbHbIMA JaHHbIMU K. X. Yanra u P. M. batnepa
[6, c. 39-42]. JlanbHeliiee yTOUHEHHE MOJIENH BKITFOYAET IPUHATHE BO BHUMAHUE COIEp-
KaHusI acabTeHOB B HE(TH, YTO KOPPEKTUPYET 3HAYCHHE BI3KOCTH, A TAKKE 3aBUCHMOCTb
3TOTO COZIEP)KaHUs OT TEMIEpaTypsl [4].

Onnako monens P. M. batnepa, I C. MakHab6a u X. . Jlo [5, c. 456-459] Tpedyer
pacUETOB B KayK/I0M TOUKE TPAHMLIBI TAPOBOH KaMephl U HE TIO3BOJIIET IPEACKA3aTh Psfl
TEXHOJIOTMYECKHX [TapaMeTPOB MPOLIEcca U3 aCUMITTOTHYECKOro aHanm3a. CylleCTBEHHbIE
YCIIEXH B 9TOM HAIIPABJICHUH UMEIOTCS NPU y4eTe MHTErpalbHOro noaxona [3], B Tom
yucie ObUI TPOBEJIEH PacueT KPUTHIECKOTO Pacxozia napa sl yCIIeTHON HHULHAIU3aLiH
npoiiecca 1 OleHKa 3HadeHNH koaddHULeHTa OXBara Iy1acta v MapoHETSIHOTO OTHOLIIE-
HUS [2], SIBJISIOIIEerocs: KITI0UeBbIM MOKa3aresieM PeHTa0eIbHOCTH MPOEKTA.

Texy1as cTarbs MOCBSILEHA AHAT3Y UyBCTBUTEIILHOCTH MPOLIECCA TapOr paBUTALH-
OHHOTIO JPEHAKa OT 3HAYE€HHWI OCHOBHBIX MApaMETPOB, UTO U SIBJIAETCS €€ IIENbI0. JTO
HEOOXOIMMO IS TIOCTIEAYIOIIETO BEIOOpa ONTUMAIIBHON CTpaTeruy pa3paboTKu MECTO-
poxknenuit Poccun, Ha xotopeix mianupyerca npuMeHeHne SAGD. CymiecTBeHHOCTh
BIIMSIHUS Pa3JIMYHbIX IAPaMETPOB Ha 3TOT NPOLIECC MOATBEPKIACTCS paboTaMu 3apyOesk-
HBIX aBTOpOB [7, 11], MOKa3bIBAIOIMX BIMSHUE MPOHULIAEMOCTH, MOLTHOCTH IUTacTa U
CHCTEMBI Pa3pabOTKH, OJJHAKO MOJIHOTO aHaJu3a BeeX A(PEKTOB ¢ MOAPOOHBIMU 0O0CHO-
BaHHBIMH PEKOMEHIALMSMHU PaHee TIPOBEICHO HE OBLIO.

HnurerpanabHas Moesb pa3BUTHS NAPOBOii KaMepbl

Mertox uccnenoBanust OCHOBAH Ha PUMEHEHUY HHTETPATTLHON MOJICITH PA3BUTHS TAPOBOM
KaMephbl U MOCIEAYIOIEM PEIICHUH CUCTEMbI YPABHEHHUH C MOMOIIBIO SIBHOM KOHEYHO-
pa3HocTHOM cxeMbl. Takast Mojienb [2, ¢. 3-4] B 6e3pa3sMepHOM BHJIE JUISl OLICHKH BIMSHUS
CYILIECTBEHHBIX MapaMETPOB Ha MPOIECC MOXKET OBITh 3aIUCaHa CIACIYFOLIIM 00pa3oM:

dKS+E K+A/K2+N =
dt G\'° s -

1 BD,—F F —BD,
=—(1+ +
G 1-D, = 1-D,
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dz _ l
CA

rae K — xosdunuent oxsara miacra; ¢ — Oe3pasmepHoe Bpems; R , R , R, —
Oe3pa3MepHble 1eOUTH HEQTH, BOIBI M Oe3pazMepHas HHTEHCUBHOCTh (ha3oBOro
nepexo/ia «rap — BOJAA»; ¢ — BEPIIMHHBIA YTOJl TPEYTroJbHUKA MAPOBOM KaMephbl;
S, S, S  — HaCBHINIEHHOCTH BOJIbI, He()TH M OCTATOYHAS BOJIOHACKIIIIEHHOCTD; Z —
Oe3pa3MepHas BEpTHKaJIbHass KOOPAWHATA; /i — MOIIHOCTb IUIACTA; ¢ — TOPH30H-
TaJIbHOE PACCTOSHUE MEXIY TapaMu CKBAKHH; f, f — OTHOCHTENbHBIE (a3oBble

IMPOHNUIaCMOCTHU HG(I)TI/I 1 BOJbI, BBIYHCIISICMBIC 10 KOPPEIALUAM KOpI/Ii

Z < \[h/c, (1.7)

Sw - Swr g
fw = (—) ’ Sw = Swrr fw = 0' SW < SWT’ (18)

1—-S,-
1—5, = Sor\’
fo= (m) v Sw 28w S 2 Sors (1.9)
wr or
fO = 1, SW < SWT’ fo = 0; So < SOTI (110)

riae S, — ocrarouHas HedTeHachleHHOCTh. Kpome Toro, BBeeHbI Oe3pa3MepHbIe
KOMIIIIEKCHI [TOI00MSI:

o = PsSwr(14 (6 = G~ T,))

(pw — ps)l (1.11)
C,(1-5 + (1 - C
(T, —T,) mC, ( wr)pz) ( m) rpr’
mlp,,
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e p, p,, P, P, — INIOTHOCTH napa, Boakl, Hedtu u noponsl; C, C , C, C — ux
COOTBETCTBYIOIINE yAEIbHBIC TEIUIOEMKOCTH; / — yIlebHas TeIIoTa mapooopa3oBa-
Hust; 7, T — TeMneparypsl apa  Iiacra; 71 — MOPHUCTOCTb; ¢, U o, — Kod(duun-
CHTBI TEMUIOOT/Ia9H I10 TOPU30HTAJIN ¥ BEPTHKAIH; }/ — 00beM sjieMeHTa pa3pabor-
Ki; (). — MacCOBBIN PACXOJl 3aKaYUBAEMOTO Mapa; Z — BEPTUKAIbHAS KOOPAMHATA
BEPXHEH IPaHHUIIbl KAMEPBI; d — JJIMHA TOPU30HTAILHOTO CTBOJIA CKBAKMHBL, [, M ,
{4, — BA3KOCTH 11apa, BOJbI U HEPTH; AP,/AP; — OTHOIIICHUE JIETIPECCUU Ha JI0ObIBa-
OIIeH CKBaKMHE K PENPEeCCH Ha HAarHETaTEeIbHOM.

OtrocurenpHbie (hazoBbie nporumacMocTi (ODIT) (1.8)-(1.10) BEUUCIAIOTCS 1O
MOJICTTFHBIM KOPPEIISIUSIM, aHATOTUIHBIM CTAaTHCTUYECKH PACIIPOCTPAHCHHBIM 3HAYe-
HUsIM Koppersinuit Kopu. [1pu 3akadke rmap pacrnpocTpaHseTcsi o BEpTUKAIN C BBICOKOM
TIOJIBKDKHOCTBEO TPH (DA30BOI MPOHKUIIAEMOCTH, IPAKTHYECKU PaBHOM aOCOTFOTHOM, 3aTeM
OBICTPO KOHJIEHCUpYETCs, U uIeT 100brda cMecu Hedru u Bozpl ¢ ODII (1.8)-(1.10).

MogensHable kpuBbie ODI] B nanpHeiieM HeoOXoanMOo Oy/IeT CPaBHUTE C Peallb-
HeIMH O DI, TOTy4eHHBIME U3 SKCTIEPIMEHTATFHBIX ICCIIEIOBAHNUMN 1O (DMITBTPAIINU
gepe3 00pasIrsl kepHa. [Ipr HeoOX0AMMOCTH MOJIENTh ITO3BOJISIET HCITOBE30BATh JIFOOBIC
koppessiirn O®DII, xapakTepHbIe A1 MECTOPOKACHUS, OOIITHI MTOIX0T K MOACTHUPO-
BaHUIO MPHU ITOM OCTAHETCS MPEKHUM.

be3pasmepHbIii KOMIUIEKC F TOKa3bIBA€T OTHOIICHUE TEIUIOCOIEPIKAHHSI BOJIBI K
TEIUIOTE, BBIACISIONICHCS U3 TIapa 3a CUeT KOHACHCAIllnu. be3pa3MepHbIil KOMILTEKC
B xapakTepu3yeT OTHOIIIEHHE TETUIOCOACPKAHNS TIapa B KaMepe K TEIIOTe, BBIAEI-
Ioleiics u3 mapa 3a cyeT KoHjaeHcannu. bespazmepHsiii komruieke G XxapakTepusyeT
OTHOIICHHUE TETUIOTHI HACHIIIICHHON MMOPUCTOM Cpelbl B KaMepe K TEIIOTE, BBIACIs-
IOLLEHCS U3 Mapa 3a CUeT KOHJICHCALIUU.

Takum 00pazom, 6e3pa3mMepHbIe KOMIUIEKCH G, F' 1 B TIOKa3bIBatOT COOTHOIIIEHHE
MEX]ly Pa3InIHBIMU BHJAMH TETUIOTHI, yYaCTBYIOIIMMH B ITPOIECCE MaporpaBUTa-
ITMOHHOTO JIpeHaka M YYTCHHBIMH B YpPaBHEHUH TEIUIOBOTO OaslaHca.
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bespazmepHbliii kommiieke 4 MOKAa3bIBAET COOTHOIICHHUE TEIJIOOTAAYM 10 TOpU-
30HTaJIM U BepTUKanu. bezpasmepHslil komieke M MoKa3bIBa€T OTHOUICHUE BSI3KOCTH
pasorpeToif He(hTH K BSI3KOCTH BOABI. 11 60see BA3Kol HeTH 3HAYCHUE KOMITIIEKca
M Gyner Oonplie.

bespasmephbie komruiekest D, D, D NOKa3bIBAIOT, HACKOIBKO BEIIMKH HJTH MAJIBI
IUIOTHOCTH Tapa, HeTH U TIOPOJIBI TI0 CPABHEHHUIO C TUIOTHOCTBIO BOJIBI, KOTOPYIO
MOYKHO CYHTATh IMOCTOSHHON B CHITy €€ HEeOONIBIINX U3MEHEHUH B 3aBUCUMOCTH OT
TeMITepaTypsl U TaBIICHUS.

bespasmepHblil koMmIuieke £ CBA3aH ¢ TEMJIOBLIMU MOTEPSIMU U3 KaMephI 10 BEp-
TUKAJIH 110 OTHOIICHNIO K HATHETAEMOMY KOJIMYECTBY TEIUIOTHI.

bespasmepnslii kommuieke U mpeacTaBisieT co0oil OTHOIIEHHE MAacCOBOTO pac-
xoza 1o00bsIBaeMoro (parouaa K MacCOBOMY PACXOAy Tapa C YYeTOM COOTHOIIEHHS
YIJIOB pacTBOpa BOIM3H COOTBETCTBYIOMINX CKBAKHH.

bespasMepHbIil KoMITIEKC N SBISICTCS TEOMETPUICCKUM KOMITJICKCOM TTOI00US 1
XapaKkTepu3yeT CHCTEMY Pa3padOTKA MECTOPOXKACHHs. B komrIuiekce Gurypupyet
OTHOIIIEHHUE MPABMIFHOTO KBAJAPATHOTO AIIEMEHTa Ppa3paboTKu K peanbHOMY. M3-3a
HAJIMYUS TETJIOBBIX MTOTEPh BUIHO, YTO YeM OJIMKE peasIbHBIA AIEMEHT pa3paboTKu
110 CBOMIM pa3MepaM K KBaJAPAaTHOMY (M 4YeM MEHbBIIIE PACCTOSHUE MEX/Ty CKBa)KHHA-
MU TI0 CPaBHEHHUIO C MOIIHOCTBIO TUTACTA), TEM OOJbIINE OYayT TEIUIOBBIC TOTEPH
BBEPX CO BCEH IJIOIA M KOHTAKTAa KaAMEPBI C KPOBJIEH I1J1aCTa 110 CPAaBHEHUIO € TEII0-
BBIMH TIOTEPSIMHU TI0 TOPU3OHTAIIH.

Pemenne cucremsr ypasaenuii (1.1)-(1.7) mpoBoauTcs ¢ MOMOIIBIO SBHOM KOHEY-
HO-Pa3HOCTHOU CXEMBI.

AHaJIU3 YYBCTBUTEJIbHOCTH TEXHOJOTHYECKHX IApaMeTPOB mpolecca
0T 0e3pa3MepHbIX KOMILJIEKCOB 101001

AHau3 9yBCTBUTENFHOCTH TEXHOIIOTHYECKUX MmapamMeTpos mporecca SAGD ot 6e3-
pa3MEepHBIX KOMIUIEKCOB MOAO00MS MPEIOKEHHOW MOJETH TIPOBOJUTCS ISl TOTO,
YTOOBI OIEHUTHh BIHMSIHUE 3TUX KOMIUIEKCOB M pa3padoTaTh MOAXOM IS 1mombopa
ONTHMAIIFHBIX MMapaMeTPOB IMPOIlecca MaporpaBUTANMOHHOTO JIpeHaka, KOTOPHIi
BITOCJICZICTBHH JTOJDKEH OBITH alipOOUPOBaH Ha PealbHOM MECTOPOXKICHUH, TIOCKOITb-
Ky CTaThsl HOCUT HAYYHO-METOINIECKUI XapaKTep.

OcoOeHHOCTE TONYYeHHOH Oe3pa3MepHoit Moaenu mporecca SAGD 3akiodaer-
Csl B TOM, YTO Bce Oe3pa3MepHble KOMIUIEKCHI TIO00HS MOTYT OBITh CKOMIIOHOBAHBI
B JIBE€ TPYTIIIHI.

ITepBas rpynna BKiIo4aeT B ce0s KoMIuiekesl nonodust A, M, D, D , D , 3aBucs-
M€ OT CBOWCTB MOPOJIBI M (QIIFOWIA, TIOBIHUATH Ha 3HAYCHHUS KOTOPBIX H3MEHEHUEM
rapaMeTpOB TpoIliecca IMpu pa3padoTKe HEBO3ZMOXKHO WIIH 3aTPpyIHATENBHO. [leiicTBu-
TEJHHO, OTHOIIIEHHNE TETUIOBBIX TIOTEPH TI0 TOPH3OHTAIH M BEPTUKAIH A OTIpenemsieT-
Cs TIIaBHBIM 00Pa30M CBOWCTBAMHU TTOPOJIBI, HACKOJIBKO XOPOIIIO OHA CIIOCOOHA TIPo-
MTyCKAaTh TETIIO0, a TAK)KE YACTUIHO — IUIOTHOCTHIO Mapa. C MIOTHOCTHIO MMapa CBsi3aH
TaKoke Komiuieke D . OHa OnpenenseTcs 3SHaYEHUSMU JaBJIE€HUs ¥ TEMIIEPATY Pl I1apa,
OTPaHUYEHHBIMHU TEXHOIOTUIECKUMH PEKOMEHIAIIAMH 10 XapaKTePUCTHKAM TIacTa
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M IIIACTOBOMY JIaBIICHHIO. 3HaYeHHUs O€3pa3MEPHBIX KOMILIEKCOB M 1 D CBA3aHBI CO
cBoiicTBaMu He()TH (€€ BSA3KOCTHIO M IUIOTHOCTHIO), KOTOPHIE 3aBUCSAT OT COCTaBa
rtactoporo ¢uirona. IlosToMmy, HeCMOTpsl Ha U3MEHEHHE BI3KOCTH YIJIEBOIOPOIOB
OT TeMITIepaTypbl KaMePhl, CIIOKHO TpeICcKa3arh MOBEACHNE CBOUCTB He(hTH Oe3 naH-
HBIX JIJISl peaIbHOTO O0BEKTA, UTO JENAeT HEOCYIIECTBUMON PEKOMEHIANNIO KaKHX-
00 TEXHIUYECKUX MEPOTIPUATHIA ITPU MOJICIBHBIX pacyeTax, IPOBOJAUMBIX B TAHHOH
crarbe. bespasmepHblit koMIuieke D CBS3aH C IIIOTHOCTBIO MOPOIbI, M3BMEHHUTD KOTO-
PyI0 B IIpoLiecce MaporpaBUTALUOHHOTO JPEHAKa HEBO3MOXKHO.

Bropast rpyrma 6e3pa3MepHBIX KOMILUIEKCOB MOZ00HS CBs3aHa C MapaMeTpaMH, I1o-
BIIUSITH Ha KOTOPBIE B MPOLIECCE MapOrpaBUTALMOHHOTO JpeHaka BOZMOKHO. JTa Irpymmna
BKIItO4YaeT koMiuiekcel G, E, N, I, B, U. Ha 3nauenns komiuiekcoB G, F, B, E MOXHO I10-
BIIUSITh UI3MEHEHUEM TEMIIEPATyPhl 3aKaYMBAEMOTO T1apa, a Ha 3HAYCHUsI £ — ellie U pac-
xofa napa. Ha 3nauenue N MOXHO MOBJIUATH IPH U3MEHEHUH PACCTOSHUS MEXKTY TapamMu
CKB&KUH U JJIMHBI UX TOPU30HTAIBHBIX CTBOJIOB, HA 3HaUCHUE KoMILiekca U — u3MeHe-
HHEM OTHOILICHVIS JICTIPECCHU Ha JIOOBIBAIOIIIEH CKBOYKMHE K PEMPECCUH HA HATHETATEIILHOM.

OneHuBaTh BIMSIHEE 0e3pa3MEPHBIX KOMIUIEKCOB MOO00US HEOOXOAUMO TOJIBKO
U3 BTOPOM TpyMNIbl, Ha 3HAUYCHUS KOTOPBIX MOXKHO MOBIUATH. Torjga moydeHHbIE
BBIBOZIBI OYyIIyT COAEpKaTh PEKOMEHIAIMU JUIsl BEIOOpA ONTUMAIIEHBIX ITapaMeTpPOB
SAGD. B nocnenytomumx paborax HeoOXoauMa arpodarus 3TUX PeKOMEHIAIui Ha
peasbHOM 0OBEKTE.

ITockonbky ¢ U3MEHEHUEM JABJICHUS M TEMIIEpPaTypbl HACBIIICHHOIO Mapa u3-
MEHSIOTCS yIelbHas TEII0Ta IapooOpa30BaHUS M TEINIOEMKOCTH BEIIIECTB, KOMITCH-
CUpYSI 9TO U3MEHEHUE, TO MOYKHO OJKUATh, YTO Oe3pa3MepHbIe KOMIUIEKCHI TOJ00US
B, F, G, cB3aHHBIE C COOTHOIICHUSMU PA3IMYHBIX BUJIOB TETUIOTHI, OYyT MPAKTH-
YECKU HEM3MEHHBIMHU, U UX H3MEHEHUEM MOXKHO OyieT mpeHeOpeusb. JlelicTBUTeNnsHO,
npu u3MeHeHnu Aasnenus ot 30 atm go 100 atm G6e3pa3mepHbIil KOMIUIEKC B n3Me-
Hsiercs Bcero Ha 11%, kommieke /' — ot 0,5 1o 0,6, kommieke G — ot 0,6 no 0,8.

[ToaTomy OyzeT oleHEeHO BIUSHHE TOJIBKO 0€3pa3MEepHBIX KOMILJIEKCOB MOJ00US
E, U, N, naMeHeHre KOTOPBIX MOXKET OBITh CYIIECTBEHHO.

Pe3y.m,TaT1,1 pacueToB

OCHOBHO#1 pacyeTHBIH BAPHAHT, OTHOCHTEIILHO KOTOPOTO OLIEHUBAETCS 1yBCTBUTEIb-
HOCTB, UMEET Pa3MepHbIC TapaMeTphbl, ToKa3zaHHble B Tadnuue 1. s sToro Bapuan-
Ta B 3aBUCHMOCTH OT Oe3pa3MepHOr0 BPEMEHH pacCUUTaHbl BaxKHeIe 6e3pa3mep-
HbIE TEXHOJIOTHYECKHE TapaMeTPhl nmpouecca — Kod(uuuent oxsara mnacra K,
00BOIHEHHOCTH TIPOAYKIMK W, maponedrsnoe oTHoenue R (puc. 2).

Oobcy:xaenune

AHanu3 pe3yabTaToB MTOKA3bIBAET, YTO OCHOBHBIE TEXHOJIOTHYECKUE TTapaMETPHI ITPO-
necca SAGD umerot xapakTepHble 3HaYeHHUS BPEMEHH, OTIPEIETISIONINE UX BINSHUE
U BaXKHBIC ISl pa3pabOTKU MECTOPOXKICHUSI.

Kos(dunment oxpara myiacta MMeET BPEMsS BBIXOJA HA «IIOJKY» f,, KOTJIA €ro
3HaYeHHE MPEKpaIaeT yBeINYUBATHCS B CHUIYy BBIPABHHUBAHUS TEIJIOBBIX MOTEPh

BectHuk TromeHCKOTro roCyJjapCTBEHHOI0 YHUBEpPCUTETA



Ananusz enusanusn 6e3pazmepHvix KOMNIEKCo8 no0ooOuU ... 151

63 v v v i }
RS A L /ZV.———""' . w
56 - 0,9 KS
49 - - 08
— 7 - 07

42

35 //

wl [/

211/
/
/

/ Los —W
/ L 03 —K
/ L 0,2

14 /
7

// - 01
0 — | 0
0 02 04 06 08 1 1,2 . 14
Puc. 2. lunamuka OCHOBHBIX ITapaMETPOB Fig. 2. Dynamics of the main parameters
nporecca SAGD of SAGD process
Tabruya 1 Table 1
Pa3mepHble mapamerpsbl, Dimensional parameters used
HCIIO0JIb3yeMble 1151 OCHOBHBIX for basic calculations
pacuyeToB
ITapamerp PasmepHocTh 3HaueHue
T °C 30
T °C 110
h M 30
m Oe3pazmepHast 0,4
C;,C;C;C JUx/(kr-K) 500; 4 200; 4 400; 4 500
PIPSPP, Kr/m? 1 000; 50; 850; 2 500
M5 1 cll 5;1;0,1637
App/Apl. 6e3pa3MepHoe 7,69
0. T/CYT. 95,04
[ JIK/KT 2,3-10°
a, Bt/(M*K) 0,099
a, Br/(m*K) 0,3
d M 300
S 0e3pasmepHast 0,2
S Oe3pazmepHas 0,3
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Y HarHeTaeMoil B KaMepy TeruioThl. [lapoHeTssHOe OTHOIIEHNE UMEET BpeMs Tpe-
BBILICHHS /, KDUTHYECKH PEHTA0EIBHOrO 3HAYEHHs, MOCIIE KOTOPOTO IPOLECC pas-
pabOTKH CTaHOBUTCSI SKOHOMHYECKHU HEIIeNIeCO00pa3HbIM, a Ha JOOBIYY HEKOTOPOTO
KOJIMYECTBa HE(TH TPATUTCS 3HAUYMUTEIBHOE KOJIMYECTBO Mapa. B naHHOW paboTe
KPUTHUYECKOE 3HAYCHHE TAPOHE(PTIHOTO OTHOIIEHHSI IPUHATO paBHBIM 7 T/T. OOBOI-
HEHHOCTD MPOYKIMU UMEET BPEMS CBOETO CTPEMIIEHHS £, K 3HAYCHHAM, OIIM3KHM K
€IMHUIIE, YTO TAKXKE BIHSIET HA IKOHOMUYECKYIO 3(PPEeKTHBHOCTH pa3pabOTKH, 1O-
CKOJIBKY IPH OOJIBIINX 3HAYEHUSX OOBOJHEHHOCTH TIOYTH HE J00BIBaeTCS HEPTH, a
JIOOBIBAETCSl MPAKTUIECKHU OJTHA BOJIA.

I'padukn TMHAMHKY TEXHOJIOTHYECKUX TIOKa3aTeliei rporiecca (puc. 2) MoKa3bIBakoT,
YTO XapaKTEPHbIE BPEMEHA £, £,, [, HE COBIIA/IAKOT MEXKTY COOOM, OJIHAKO, KaK IPABUIIO,
BPEMEHA /| 1 £, UMEIOT OJIM3KUE 3HAYEHUS, T. €. PEHTA0EIbHOCTD IPOLIECCa MOXKHO OLIE-
HUBATh 110 MPEBBIIIICHUIO TAPOHE(TIHBIM OTHOIIICHUEM CBOETO KPUTHIECKOTO 3HAYCHHSL,
KpOMeE TOTO, CYIIECTBEHHYO POJIb TIPH Pa3padoOTKe OyJeT urparh KOIPHUIMEHT OXBaTa
ruiacta. [loaToMy aHas3 4yBCTBUTENBHOCTH Oy/IET ITPOM3BE/IEH 110 3HAYCHUSIM KOAPPu-
I[MEHTA OXBaTa U BPEMEHH IPEBBIIICHHS MTapOHS(TIHBIM OTHOIICHHEM KPUTHYECKOTO
3HAUYCHUS B 3aBUCHMOCTH OT 0e3pa3MepHBIX KOMILIEKCOB TIOIO0HSI.

DTOT aHAJIN3 MPOBOJIUIICS CIEYIOIUM 00pa3oM: CHadasa ObLT pacCYnTaH OCHOB-
HOW BapuaHT, IPY KOTOPOM 3HAUYCHHS Pa3MEPHBIX IMapaMeTpPOB OBUIHM B3SITHI U3 Ta-
Omurel 1, 1 paccuuTaHbl 0e3pa3MepHbBIE KOMIUIEKCHI TO100Ms. DTH 3HAaYEeHUSI OTMe-
YeHBI Ha PUC. 3 MTOCEpeNHE. 3aTeM H3MEHSUTUCh 3HAYCHUST 0€3pa3MEPHBIX KOMILIEK-
COB IMOJJO0USI B CHMMETPUYHOM OTHOCHUTEIBHO TOJYYSHHOUW CEpeMHbI Uara3oHe,
COOTBETCTBYIOUIEM PEaJIbHO BCTPEUAIOIIMMCS HA MIPAKTUKE Pa3MEPHBIM 3HAUCHUSM.
Kommnnexe U usmensincs ot 0,385 mo 0,985, komruieke £ — ot 0,411 mo 0,785, koM-
mwiexc N — ot 0,040 mo 0,124.

beszpazmepnblit komruieke U SIBIISETCS XapaKTEPUCTUKON HKCILTyaTallMOHHBIX CKBa-
kuH. HeOomnbimoe ymenbineHne U, COOTBETCTBYIOIIEE HEOOIBIIOMY CHIDKSHHUIO Jie-
MIPECCUH Ha JTOOBIBAIOIINX CKBAXXHHAX, TPUBOUT K PE3KOMY CHMYKEHUIO KOA(PPHIIU-
€HTa OXBaTa W BPEMEHHM PEHTa0EIbHON pa3pabOTKH M3-32 YMEHBIICHHS PUTOKA
(mrona. B To ke Bpemst yBenmdenre U B OONBIIYIO CTOPOHY OTHOCUTEIHHO BEIOpaH-
HBIX CPEIHUX 3HAYCHHI IPUBOIUT K HEOOIBIIOMY pocTy KoddduirienTa oxsara. Takum
00pa3oM, Ha JJOOBIBAOIICH CKBAYKUHE IMEETCsl OTPaHIMUYCHHE 110 3HAYCHUIO JISTIPECCHH,
KOTOPOE€ MOJKHO PacCUUTATh: TIOKA ITOBBIIIEHUE JISTIPECCHHU 1T CYIIECTBEHHBIH AP derT
B IIPUPOCTE BPEMEHU PEHTA0CIBHOM pa3pabOTKH, €€ HEOOXOMMO YBEITUUNBATh, 4 KaK
TOJIBKO TIOJIOKUTEIBHBIN (D()EKT CTAaHOBUTCS HE3HAUUTEIHHBIM C 3aJ[aHHOW JUIS Me-
CTOPOXKJICHUS] TOYHOCTBIO, YBEIIMYCHUE ICTIPECCUU CIIEAYET NpekparuTh. Kpome toro,
BO3pacTaHue 0e3pa3MepHOro Komiiekca U BO3MOXKHO TPU YMEHBIIICHUH BSI3KOCTH
HETH, YTO OCYIIECTBUMO, €CITH HAarpeTh He(Th /10 OoJiee BEICOKOM TeMITepaTypEbI.

YBenumveHue 3HaYeHUs Oe3pa3MEepPHOTO KOMIUIEKca F, COOTBETCTBYIOIIEE POCTY
TEIUIOBBIX TIOTEPh, OXKHJIAEMO MPHBOAUT K YMEHBIICHHIO PEHTA0CIBHOTO MEpHoJIa
pa3paboTKu U cHIKeHHIo Kod3(duimenTa oxsara riacra. [lonoxxurenbHoe BIUsIHUE
OTMEYAETCsl MPU YMEHBUICHUH KOMILIEKCa E. 3aMETHO, UTO MOJOKUTEIbHBIA U OT-
pHIaTeNbHBINA APPEKTH OT COOTBETCTBYIONIETO M3MEHEHHS KOMILIEKCca £ MpUMepHO
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Puc. 3. AHanmu3 4yBCTBUTECIBHOCTH Fig. 3. Sensitivity analysis

XapaKTepHBIX [TapaMeTpoB Ipolecca of characteristic parameters of the SAGD
SAGD ot 3HaueHuit 6e3pa3MepHBIX process depending on the values
KOMILJICKCOB MO00US of dimensionless similarity complexes

COIIOCTaBUMBI 110 MOPSIKY BEIMYUHBI. AHAIHM3 MTOKA3bIBACT, YTO HEOOXOIUMO 3a-
KauMBaTh OOJIbILIE TEIJIOTHI C MAapOM IO CPaBHEHMIO C TEIIOBBIMHU moTepsiMu. M3-
MEHEHHE TeMIlepaTypbl 3aKauMBaeMOro Mapa B CTOPOHY YBEIWYEHHUS BBI3OBET OT-
pHULATENbHBIN d((QEKT U3-32 YBETUUMBIINXCS TEIJIOBBIX MOTEPh 10 3aKoHy HbroTo-
Ha — Puxmana, mostomy yBennueHue komiuiekca U ¢ MOMOIIBbIO AaibHEHIIEro
CHIDKCHUS BSI3KOCTH He(pTH HeuenecoobpasHo. T. e. 3akaunBarh OOJIbIIE TEMIIOTHI C
MapOM BO3MOYKHO TOJIBKO C IIOMOILBIO YBEJTMUEHHsI €r0 MacCOBOTO pacxofa, Ha KOTo-
pBIii UMeeTcsl OrpaHUuEHHE 10 HACOCHOMY OOOPYIOBaHUIO. YBEIWYECHUE PACX0OAa
3aKauMBaeMOro Tapa, Kak cieqyeT W3 aHaju3a UyBCTBUTEILHOCTH, HE MPUBOIHUT K
PE3KOMY pOCTy NapoHE(TSIHOTO OTHOLICHUSI, TIOCKOJIBKY MO3BOJISET 10OBITH U 00JIb-
e He)TH, yBesanunBas Ko3(hGUIUeHT oxpara macra.
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VYBenuueHune 3HaYeHUs] Oe3pa3MepHOro Komruiekca N HE3HAYUTENbHO YBEIUYH-
BaeT Kod(p(hUIMEHT 0XBaTa II1acTa, HO 3HAYUTEJILHO IPOAJIEBAET BpeMsl peHTa0eIbHOMI
pa3paboTKH, YTO MOBBILACT KOID(PUIMEHT U3BJICUCHUS HEPTH U SKOHOMUYECKYIO
BBITOJJHOCTB MPOIIecca. ITO BO3MOXKHO IPHU pa3zpaboTKe IIACTOB OOBILINX MOLTHOCTEH
U TIPH UCTIOJIB30BAHUH 00JI€€ ATMHHBIX TOPU30HTAIBHBIX CKBAXKHH, IIPH 3TOM HEO00-
XOOUMO YMEHBILATh PACCTOSHUE MEXKy MapaMy CKBaXKHMH Ul YBEJIMUYCHUS OXBaTa
racta. MoJenbHbIN pacueT 1 MoTydYeHHbIE 3HAYeHUsI KOMIUIEKca N ITOKa3bIBaIOT, YTO
a¢dexTrBHas pa3paboTKa BO3MOXKHA B IIaCTaX MOIIHOCTHIO Oojee 20 M mpH pac-
CTOSIHUSIX MEXKAy napamu ckBaKuH OT 80 M. [Ipyn MeHbIINX 3HaYEHHUSIX MOLIHOCTH
HaOJII0IaeTCsl CYIECTBEHHOE CHIKEHIE TEXHOJIOTHUECKUX TapaMeTpoB 1 3P PEeKTUB-
HOCTH pa3paboTku. C Ipyroii CTOPOHBI, OYEBUIHO, OECKOHEYHO CONMMKATH CKBAYKHHBI
TOXE CTAHOBUTCS HEBO3MOXKHBIM, IIOCKOJIBKY TOTAA MPH COXPAHEHUHU MOCTOSIHHOTO
pacxona napa cyMMapHo OyJeT 100BITO MEHbIIIee KOJTHYECTBO HEPTH, U MapoHeTs-
HOE OTHOIICHUE HAYHET BO3PacTaTh, KOMIICHCUPYS TOJIOKHUTENbHBINA 3P deKT oT mo-
BBILICHUS 0XBaTa Iyiacta. HaxoxieHre onTuManbHOTO 3HaUEHHSI PACCTOSTHHS MEXKTY
CKBR)XMHAMHU HE paccCMaTpHBaeTCs B TEKYLIEH CTaTbe, HOCKOJIBbKY 3TO OTHOCUTCS K
Ipyroit padote aBTopoB. CyTh MOBBIIEHHS KO PHULINEHTa 0XBaTa IJIacTa OMUCAHa,
Harpumep, B pabore [3, c. 77-82].

Urak, obmye pekoMeHAaMu A1 MaKCUMaibHO 3 QeKTHBHOTO mpolecca paspa-
0OTKM MECTOPOXKIICHHUS MTPH TOMOILM METOAA TAPOTrPABUTALMOHHOTO IPEHaKa MOTYT
OBITB OITUCaHBI cleqyIomuM 00pazoM. B mepsyto ouepens, meton SAGD cnenyer npu-
MEHSATH B JOCTATOYHO MOIIHBIX I1acTax (0T 20 M), UMEIOIINX, OJJHAKO, HE(Th C BBICO-
KO BSI3KOCTBIO. Temreparypy 3aKauiBaeMoro rnapa ciaeayeT MofA0upaTh TaKUM 00pa3oMm,
YTOOBI BSI3KOCTh HE()TH CHU3MIIACK JI0 3HAYECHHH, KOT1a (HIIFON/T CTAHOBUTCSI ITOJIBHKHBIM,
Y €ro MOXXHO M3BJieub. OIHAKO 3Ta TeMIepaTypa A0JKHA ObITh MUHUMAaIbHO BO3MOXK-
HOH 715l TOABMKHOM HEe()TH, YTOOBI TEIUIOBBIC MOTEPH TP 3TOM HE OBUIN CIIUILKOM
BBICOKHU M He jenanu npouecc SAGD nenenecooOpa3HbIM.

Jenpeccuio Ha IIIACT cAEAyeT pacCYUTATh [0 aHAIHU3Y 0e3pa3sMepPHOTo KOMILICK-
ca U, xoraa ekt OT ee MOBBIILIECHHS 3aMETEH 0 MOBBILICHUIO BPEMEHU PEHTa0e N b-
HOH pa3paboTKH.

Cucremy pa3paboTKH clieayeT BbIOMpaTh TakuM 00pa3oM: TOPU30HTAIbHbBIC
CKBa)XUHBI JOJDKHBI HIMETh OOJIbILIOE 3HAUECHHE UIMHBI AJISl OXBaTa IjIacTa 1o TOpH-
30HTAJIM, KAKOE MO3BOJISIFOT TEXHOJIIOTHH OypeHHs B pacCMaTpUBAaEMOM Cilydae, pac-
CTOSIHAE MEX/1y CKBOXHHAMH CJIEIYyeT YMEHbIIATh 10 HEKOTOPOTO 3HAUCHHS, UH]U-
BUJIyaJIbHOTO JIJISI KKIOTO MECTOPOXKICHUSI, KOTja MapoHe(TSIHOE OTHOILLEHUE OBICTPO
BO3PACTAET, IPEBBIIACT KPUTHUECKOE 3HAYCHUE U TPUBOIUT K OTPAaHUICHHUIO BpeMe-
HHU peHTa0eNbHON pa3paboTKu M CHIKEHUIO Ko dHULIreHTa u3BIeueHus HedTH 3a
9KOHOMHUECKH 3D (PEKTUBHBINA TEPHOI.

BriBoanl
1. Ilpencrasiena Oe3pa3mepHas MOJICIb MAPOrPABUTAIMOHHOTO JIpeHaxka B 0e3-
pa3MepHOM BUJIC, YIOOHOM JUIsl OLICHKU BKJIaJla T€X WU WHBIX 3Q(EKTOB Ha
cam TpoIiecc.
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2. OTMedeHo, YTo Oe3pa3MepHbIe KOMIUIEKCHI TOA00Ns, XapaKTepU3YIOLIHE MO-
JeJib, MOTYT OBbITh 00bEIMHEHBI B JIBE TpynIbl. Ha 3HaueHHEe KOMIUIEKCOB M3
NIEPBOH IPYTITHI HOBIUATH PAKTHYECKH HEBO3MOKHO, HA 3HAYEHHE OCTATbHBIX
KOMIIJICKCOB — BO3MOKHO. KOMIIIEKCHI BTOPOIA TPyMIIBl U MTO3BOJISIIOT 1100~
Oparb onTUMalibHBIC TapaMeTpbl Pa3pabOoTKH MECTOPOXKACHUS C TOMOIIBIO
SAGD.

3. YcraHoBieHO, 4TO Oe3pa3MepHBIi KoMIuleke U TMOKa3bIBaeT OTHOIICHHE
MaccoBOTO pacxona J00bIBaeMOro (Iouaa K MacCOBOMY pacxoiy Iapa u
SIBIISIETCSl XapaKTEPUCTHKOW JKCIUTyaTallMOHHBIX CKBaXKHH. Jlempeccuio Ha
IUTaCT CJIEAYET PAacCUMTHIBATH IO aHAJIU3y Oe3pazmepHOro komruiekca U,
Koraa 3 QeKT OT ee MOBBIIICHNS 3aMETEeH 10 IMOBBIIIEHHIO BPEMEHU pPeHTa-
OenbHOM pa3paboTKy.

4. IlokaszaHo, 4yTO Oe3pa3MepHBIN KOMIUIEKC £ XapaKTepu3yeT COOTHOIICHHE Te-
IUIOBBIX MOTEPb U3 KaMephbl B KPOBIIO IJIaCTa M TEIUIOTHI, 3aKaYMBAEMOH C
napoM. YBEJIMUEHHE PAcXoAa Hapa, BXOJSIIETO B 3TOT KOMIUIEKC, BBI3bIBACT
BO3pacTaHue Ko3((uIMeHTa oXBaTa IJIacTa U CIOCOOCTBYET M3BICUCHHIO
0O0JIBIIIETO KOTMYeCTBa HEPTH.

5. Ilo 3Hadenmio Oe3pa3MepHOTO KOMIUIEKCa N, XapaKTEPHU3YIOIMIETO CHCTEMY
pa3paboTKH, OTMEUYEHO, UYTO CONMMKEHNE COCETHUX Iap CKBAXWH MPHUBOAUT K
MOBBIIIIEHNIO OXBaTa Turacta. OmHAKO 3TO CONMMKEHHWE MPUBOANT U K POCTY
B2YXHOTO OTPAaHMYUBAIOIIETO SKOHOMHYECKYIO0 3(h(peKTUBHOCTH MapameTpa —
MapoHEePTIHOTO OTHOIIEHHUS, TTOITOMY MMEETCS HEKOTOPOEe ONTHMAalbHOE
paccTosiHAE MEXTy CKBOKHHAMH.
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Abstract

This article analyzes dimensionless complexes of similarity sensitivity of steam-assisted
gravity drainage (SAGD) model. The application of SAGD for development of hard-to-recover
reserves is complicated by the need to choose a rational development system. Therefore, the
task of modeling the process of SAGD with subsequent analysis of sensitivity of technological
indexes from the essential parameters and characteristics of the reservoir is relevant. Existing
works have not conducted a comprehensive analysis of all values influence. Such analysis is
conducted for the first time in this article. This work aims to analyze the influence of main
characteristics (steam injection rate, steam temperature, well pattern, depression and repression
on wells, reservoir thickness, heat capacity) on technological parameters of SAGD. The main
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methods include de-dimensioning of the physical and mathematical model of the process and
calculations using an explicit finite-difference scheme. Dimensionless similarity complexes
with a significant contribution to SAGD are distinguished. Values of sweep efficiency and
cost-effective time at different values of selected dimensionless complexes of similarity
are defined. The greatest influence on SAGD is affected by three dimensionless similarity
complexes, characterizing respectively the ratio of water and oil flows, heat losses vertically
and horizontally, and the development system. The results show that there are some effective
values of depression on the formation and the distance between pairs of wells. Based on the
results of calculations, the authors provide recommendations for the future application of
the method on a real field.
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