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AHHoTauusi. B pabore paccmarpuBaercs 3ajada OLEHKH HMPOAYKTUBHOCTH CKBaXXKMHBI B
YCIIOBUSIX 30HAJIbHO-HEOHOPOAHOIO IJIacTa ¢ YYETOM BIMSIHUSI TUAPABINYECKOIO pa3pbiBa I1J1acTa.
[Ipeuiockena  aHanuTUYeckas  MoJeNb  (QUIBTpAallMM, OCHOBaHHAs Ha  HIPEICTABICHUU
MPOAYKTUBHOTO IJIacTa B BUJE KPYrOBOM 00JIACTH, pa3/IeiEHHON Ha HECKOJIBKO 30H C Pa3IHYHBIMU
(GUIBTPALlMOHHO-EMKOCTHBIMU CBOMCTBaMHU. [ KaKIOM 30HBI YUMTBHIBAIOTCS WHIUBHyaJbHbIC
3HAUEHUS MPOHULIAEMOCTH NIPU TOCTOSIHHOM TonuuHe 1iacta. [lomydeHo aHanmuTHyeckoe
BbIpaXeHue 17 Ko3(duunenTa npoJyKTUBHOCTH CKBAXXMHBI, T03BOJIAIOLIEE YUUTHIBATH BIMSHUE
HEOJIHOPOJAHOCTH IMPOHUIIAEMOCTH, FEOMETPUUECKUX [1apaMETPOB CUCTEMBI U TPAHUYHBIX YCIOBUM.
IIpoBenén aHanu3 IOJYYEHHOM 3aBUCHMOCTHM, IIOKa3aBIUIMM, YTO IPU  ONPEACIEHHBIX
COOTHOILICHHUSX MApaMEeTPOB BO3MOXKHO YBEJIMUYEHHE [JeOUTa CKBaXHHBI IO CPAaBHEHHUIO C
OJTHOPOJHBIM ILIACTOM.

Oco0oe BHMMAaHME YJEJIEHO OLIEHKE BIMSHUSA IapaMeTPOB TPELIMHBI T'HApPOpa3pbiBa U
YIPYTUX CBONCTB CHCTEMBI «ILUTACT—(IIIOND» Ha XapaKTePUCTHKU (DUIbTPALUU U MPOTYKTUBHOCTb.
VY CTaHOBJIEHO, YTO COIJIACOBAHUE IMAPAMETPOB CHKUMAEMOCTH TPELIMHBI U YHPYTOCTH HMOPUCTON
cpeabl MPUBOJUT K MAaKCUMAJIbHOMY YBEIMUYEHHIO KO3 UIMEeHTa NPOogyKTUBHOCTHU. [lomydeHHble
pe3ynbTaTthl MOTYT OBITh HUCHOJB30BAaHbl IPHU MOJEIMPOBAHUHU pa3pabOTKH MHOTIOIMJIACTOBBIX
MECTOPOKICHHM, a TaK)KE IIPU ONTUMHU3ALNN [TapaMETPOB TMAPABINYECKOrO pa3pbiBa IJIacTa Uil
MOBBILIEHUS HEPTEOTAAUN HU3KOIPOHUIIAEMBIX KOJIIEKTOPOB.

KiroueBble cji0Ba: 1I1AaCT, CKBAXUHA, HEPTh, TOMIIMHA, KO3()(OUIUEHT TPOHULIAEMOCTH.

Beenenue

[TpakTka pa3paboTku MHOTOTIJIACTOBBIX YIJIEBOIOPOIAHBIX MECTOPOXKIACHUM
CBUACTEIBCTBYET O TOM, 4YTO B TMPOIECCE OKCIUTyaTalliM, Ha OCHOBE KOMIUJIEKCHBIX
TUIPOJIMHAMUYECKUX U T€0JIOro-reo(pu3nueckux HCCIEIOBAHUN, yNaéTCs BBIIEIUTH OTAENbHBIE
YUYacTKH IUIaCTOB C 0oJjiee OJHOPOHBIM I€0JOrMYECKUM CTPOCHUEM. AHAIN3 TEKYILEro COCTOSIHUS
pa3paboTKM TakKMX 3ajie)Ke TMOoKa3blBaeT, YTO B OOJBIIMHCTBE CIy4yaeB JIaHHBIE ILIACTHI
XapaKTepU3yIOTCSI HU3KUMHU (QUIBTPAMOHHO-EMKOCTHBIMU CBOMCTBAMM, BKJIIOYAsl MOHMKEHHYIO
MOPUCTOCTh UM MPOHUIAEMOCTb, 4YTO, B CBOIO Oue€pellb, MNPUBOAUT K YBEIWYCHHUIO JOJU
TPY/ZAHOM3BJIEKAEMBIX 3aracoB HePTH. DTO CYMIECTBEHHO CHIDKAeT o0yl 3((eKTHBHOCT
W3BJICYEHUS YTJIEBOJOPOJIOB M3 MHOIOIIACTOBBIX cucTeM. COBpeMEHHbIE HCCIIEOBaHUS TI0
METOAaM CTUMYJISIIUHN Pa3paboTKH HU3KOMPOHUIAEMBIX IJIACTOB MOKA3bIBAIOT, YTO THAPOPA3PHIB
4acTo MPUMEHSETCs B KOMOMHauUuMu C JApyruMu TexHojorusMu EOR, Bkitouas ycCHIIEHHYIO
WH)KEKIMI0O BOJBl M TPEAUHBEKIMH Ta30B, YTO CHOCOOCTBYET YBEJIMYEHHUIO HedTeoTAauud u
YIIyYILIEHUIO0 TeOMEXaHUYECKUX YCIOBUN pa3paboTku [1-4].

B cBs13u ¢ aTUM, 1715 TOBBIIEHUS 3 (EKTUBHOCTH pa3pabOTKH HEPTIHBIX MECTOPOKACHUH,
Ha MPAKTHKE HIMPOKO MPUMEHSIOTCS pa3IMuHble TEXHOJIOTUH, HAlpaBJIeHHbIE HA HHTEHCU(DUKAIIIO
U3BJICUEHUS] HE(PTH U3 HU3KOMPOHULIAEMBIX U HU3KOMPOAYKTUBHBIX IU1acToB. OHUM M3 Hambosee
JEUCTBEHHBIX METOJOB, CIIOCOOCTBYIOIIMX YBEJIWYECHUIO HE(PTEOTHAuM 3a CUET MHTEHCH(UKALUU
BBITECHEHHS HE(TH U3 OPUCTOTO KOJUIEKTOpa, ABJsieTcs TuapopaspsiB miacta (I'PIT).

HccnenoBanuss W MpakTHKa NPUMEHEHHsS THApaBindeckoro paspeiBa miacta (['PI)
MOKa3bIBAIOT, YTO 3((eKT OT MmpoBeleHUs TUApPOpa3pbiBa HEOJUHAKOBO MpPOSBISETCS B padore
OTIENbHBIX CKBAXHMH, IOITOMY HEOOXOJUMO paccMaTpUBaTh HE TOJBKO MPHUPOCT JeOHUTa KaXIO0H
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CKBA)KMHBI BCIIEJICTBHE TUIPOpa3pbiBa, HO M BIHUSIHHUE UX HUHTep(EepeHlNH, HEOAHOPOAHOCTH
1acTa, JHEPreTUYECKUX BO3MOXKHOCTEH 00BeKTa U IpyTrux (hakTopos [5-9].

Haubonee Bbicokas >(QpeKTUBHOCTh THAPABINYECKOrO pa3pbiBa IUIacTa OOECIeUMBAETCS
IpU KOMILJIEKCHOM IOJXOA€ K NMPOCKTHPOBAHUIO, OCHOBAHHOM Ha ydYeTe TakuX (PaKkTOpOB, Kak
MIPOBOAMMOCTh IUIACTA, CHCTEMa PACCTaHOBKM CKBa)KMH, MEXAaHHMKAa TPEIIMHBI, XapaKTePUCTUKU
KHUJKOCTU pa3pplBa M PACKIMHUBAIOLIEIO areHTa, TEXHOJOTMYECKUE U SKOHOMHMUYECKHE
orpanuueHus. Jlns peamuzanuu  ATOr0 IMOAXO0Ja MOMHMO MOJEIeH TpenuHooOpa3oBaHUS
HEOOXOMMO CO3JIaHHE MOAENeH (WIBTPAllMd B CHCTEME CKBAXXKHMH, NEPECEYCHHBIX TPELIMHAMHU
TUIPOpa3phIBa, U3yUEHHE 0COOEHHOCTEN TeUeHUs (PIIIOUIOB B OKPECTHOCTH TPEIIMHBI, B TOM YHCIIe
B HEOJHOPOJIHBIX M OOBOJHEHHBIX IuTacTax. [losTOMy mpeacTaBisieTcsi aKTyajabHBIM DPa3BUTHE
METOJIOB MAaTeMaTH4YeCKOr0 MOJCIUPOBAHMS THIPOJUHAMHUYECKHX IPOLECCOB pa3paboTKu
HEPTIHBIX U Ta30BBIX MECTOPOXKICHUI C IPUMEHEHUEM TUIAPABIMYECKOTO pa3pbiBa IUIacTa Ha Oa3e
TEOPETUYECKUX HCCIICIOBAHUNM M COBPEMEHHBIX KOMIBIOTEPHBIX TexHoioruil [1]. Takue paboThl,
KOTOpBIE  IOCBSILIEHBl K AHAIMTHYECKOMY TIOAXOAYy K  BBIUMCIEHUIO Kod(h(duimenrta
MPOJYKTUBHOCTH CKB&KHHBI B IUIACTaX C HEOJAHOPOIHOW MPOHUIAEMOCTHIO, UM OBEIUHSIONIYIO
TrE€OMETPUI0 CKB)XKUHBI, KOHTYpbI IUTaHUS U QUIBTPALIMOHHBIE NTapaMeTphl. Takol MOIX0J MOXKET
ObITh QJaNTUPOBAH IO HEOJAHOPOIHBbIE IUTACTHI U SABISAETCS COBPEMEHHOHM aHamoruei
kiaccndeckux gopmyin PIL. [1,2]

MartepuaJbl 1 METO/bI

B nocnennue roapl mpeaioxkeHbl MOAETH AJIs OLIEHKU IMPOAYKTHUBHOCTH MHOTOCTaJIMMHBIX U
rereporeHHbIx cucrem ckBaxkuH ¢ ['PII, yuutsiBaromue B3aumopeicTBue (GprrougoB, r€OMETPHUIO
TPEILMH U HEOJHOPOIHBIE CBOICTBA KoJuleKTOpa [3-4].

Onenka 3¢ (heKTUBHOCTH THAPOPA3phIBA U MPOTHO3 MOBEACHUS TPEIIMH TpedyeT yuéTa Kak
r€OMEXaHUYECKUX CBOMCTB MOPOJA, TaK M XapaKTEPUCTUK TPEIIMHHON CETH, YTO OTPaXEHO B
MOCIEAHNX MOJIENIX (PpaKkaOMIBHOCTH U pacpoCTpaHEeHHs TPEIIuH [5].

Takoil moaxo/] MO3BOJISIET KOJUYECTBEHHO OLICHUTH BIIMSHUE 30HAJIbHOW HEOAHOPOJHOCTU
Ha MPONYKTUBHOCTb CKBaXHHBI M SBJISETCS OCHOBOM MU MOCIELYIOIIEr0 IPUMEHEHUs
AHATMTHYECKUX U 4YuCIeHHBIX MeTonoB moxaenupoBanus (CFD, FEM, finite difference, reservoir
simulation) TpEXMepHOU CHUCTEMBl «CKBaKMHA—TPEIIMHA-TUIACTY». BKIIOUEHHE TeOMEXaHHYECKUX
XapaKTepUCTUK M (QUIBTPALIMOHHBIX MapaMeTpoOB KaxJoW 30HBI oOecnedynBaeT Oojee TOYHOE
MPOTHO3UpPOBaHUE ae0uTa U Kod(pPuIMeHTa MPOIYKTHBHOCTH CKBAKMHBI B PEATbHBIX YCIOBHUSIX
pa3paboTKHu.

PaccmaTpuBaercs KpyroBoi IjacT, B LIEHTPE KOTOPOIO pacIHoJIOKEHa CKBakMHAa. Cxema
MpeCTaBieHa Ha pucyHke 3.1.

[IponyKTUBHBIM TIACT COCTOMT K3 N HEOAMHAKOBO IPOHMUIIAEMBIX 4YacTed, KOTOpbIE
IIPOHYMEPOBAHBI KaK IMOKa3aHO Ha pUCYyHKe 3.1.

Paguyc ckBakuHbl paBeH Y.. /s Hamero ciydast n = S, T.€ KpyTroBOl IJIacT COCTOMUT U3 5
(nsTr) yactei (30H), cCOOTBETCTBEHHO ¢ paauycamu Rq, R, R, RyuRs. Ilpu stom RsuR,, T.e.
panuyc koHTypa nutanus (R,) COOTBETCTByeT K BHEIIHEH TpaHUIIE TIATON 30HE.

COOTBETCTBEHHO KaXJ0W dYacTH (30HbI) TMIacta KOI(Q(GUIMEHTH MPOHULIAEMOCTH
ob6o3naunm uepes K, K,, Ks, K,uKs. DddexrnBras TommuHa miacta paBHa hy n oHa paBHa BO
BCceX MATH 30Hax, T.e hy =h, =h; =h, =h; = hy. /laBnenus na 3a00e CKBaXWHBI U Ha
KOHTYpe NMUTaHUs paBHbI cOOTBETCTBEHHO P u P. [Ipeanonoxum, uro ecnu 6b1 paccMaTpuBaeMblii
IU1aCT ObLT OZIHOPO/IHBIM, T.€ NPOHHUI[AEMOCTH BO BCEX 30HAX MMEIOT OJIMHAKOBbIE 3HaUeHUs Kp, TO

IIPH TOM K€ JIaBJICHUH Ha 3a00€ CKBAXHHBI P, , 1eOUT CKBOXUHBI, B YCIIOBUAX Koraa hy = const He
OyIeT OTJINYaThCs OT IeOUTa CKBAKHHBI B HEOJHOPOIHOM ILIACTE, €CIIM Ha KOHTYPE MUTAaHUS Oy1eT

yCTaHABJIUBATHCS J1aBJICHUS p/ , KOTOpOe He paBHO BenuuuHe Py, T.e Plf # Py [8-16].
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KOoHTyp HedTeHOCHOCTH

\ hy hy hs hs hs
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PI/IcyHOK 1. Cxema PpacIioJIOKEHU A 30HBI C paanquﬁ MIPOHUITACMOCTBIO KPYTOBOT'O IJIaACTa

Torna 3aBUCUMOCTh MEXY A€OUTOM ( M (PUKTUBHBIM JIABJIEHUEM Ha KOHTYpPE MUTAHUS Plf
oTpezenseTcs Mo cienyromei Gpopmyre:
R

/_p ___4 Rk
P, —F = P— * [n o (D)

JlaBjieHue B J1t000M TouKe 1epBoii 30HbI (P, ) MOXKET OBITH HAalIEHO 10 TaKoU GopmyJIe:

R
PP=pP,——1 «inZ )
27TK1*hH R1

Ecam Ob1 mpoHHMITaEMOCTH BOOOPaKa€MOTO OJTHOPOJHOTO TUIACTa XapaKTepU30BAIACh OBI
kodpdunmenToM mpoHunaeMoctu K,, To A MONy4eHUs TOro K€ caMoro JeOuTa ( CKBaKUHBI
Ci1emoBano Obl YCTAHOBMTH HAa KOHTYpE NMHTaHUS 00JacTH HOBOE JaBjieHWe Py B m060H TOuKe

BTOpOI71 30HBI HCOAHOPOAHOTO IJIACTa BbIPAKAIIOCh 6LI 110 CJ'ICI[YIOH.[CI‘/’I (I)OpMYJ'IC.
P =P ———xInk (3)
2K *hy R,

Ha rpanuie pasmena 308 1 w2 miacToBoe JaBieHWE OaWHAKoBo, T,e P’ =P”,
cieoBarebHO U3 ypasHeHui (3.2) u (3.3) moayuum 3aBucuMOCTh Mexay Pe v Py criemyromiero
BHJIA:
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P, — P} = — (i—i)*lnﬁ

27T*hH Kl Kz R1

“4)

[TogoOHO 3TOMY, M3 YCIOBHI Ha rpaHuIle paszena 30H Ne 2 u 3 BBITEKaeT CIEAYIOIIee
PaBEHCTBO:

1 1 R
P p = () amt ®
Zﬂ*hH Kz K3 Rz

1 TaK JaJI€C I10 BCEM OCTaJIbHbBIM 30HaM. Eciu YUUThIBATh, YTO B OGH.ICM cj1ydac, Ijaact CoOCTOUT U3

n
n 30H H PIE )- AaBJICHUEC Ha BHCIIHEM KOHTYPC B006pa}KaeMOFO OJHOPOAHOIO IlIaCTa C

n-1
koaddunmentom mnponunaemoctu K, PIE ). JaBJICHHE Ha KOHTYpE OJHOPOJHOTO IuUlacTa ¢

koa¢dunmenTom nmponunaemoctu Ky, _;, To paBeHcTBO (3.5) MpUHUMAET CIIETYIOINA B

PPt pp =t (2 — L) ©6)

2mxhy \Kn—1 Kn Rp—1

HanucaB Bce «n ...» paBeHCTB IpuBeAEHHOro THma (3.6) U CIOXKUB BCE ATH PABEHCTBA,
Haiizem Py:

Pe=P— (2= =) ¢ InE (7

2m*+hy Kn-1 Kyn

Haiinennoe 3nauenue Py, mojacraBuB B ypaBHenue (3.7), momyduMm (GOpMyity U ONpEaesICHUS
nebuTta CKBaKUHBI () 30HAIBHO-HEOJHOPOTHOTO KPYTOBOTO MJIacTa!

nKn=-Kn-1_,. Pk
1Kn*Kn—1 = Py

1= lnﬂﬂ(lz
¢
Pe3yabTaTbl. AHaMU3UPys MOTYyYEHHYIO (HOPMYITYy, MOXKHO KOHCTaTHPOBAaTh O TOM, YTO
€CJIM 3HAaYEHU CyMMBI B 3HaMEHaTese OyJIeT OTpUllaTeIbHa, TO JEOUT CKBAXKUHBI OyIeT OOJIbIIE TI0
CPaBHEHHUIO C IeOUTOM CKBAXHHBI B OJTHOPOJIHOM TJIACTE.
W3 nonydyeHHoll — Qopmynbl  BHUIAHO, UYTO KOI(DPUIMEHT NTPOAYKTUBHOCTH  JUIS
paccMaTpuBaeMOro BapuaHTa, T.€ 30HATbHO-HEOJHOPOAHOTO KPYTrOBOT'O TIACTa UMEET BUI:

27TK1 hn

9)
Rk nKn-Kn-1_; Pk (
In % +K, 21 KnKn—1 *lnPA

Knpog =

Paccmorpum uvactHblll cimywait. [IpeanonoxkuM, 4To miact uMmeer JaBe 30HBI, T.6 n=2. Tornma
dopmyna (3.9) umeer Bua:

_ 27'L'K1hn
KHPO,Z[ - lnR—k+K1(K2_K1>l R}, (10)
Hc

KjK1 E

Wnu nocie HEeKOTOporo rnpeodpa3zoBaHus MOTYUHM

_ ZTTthn
Kl'IPO,Zl - lnﬁ_l_(Kz—Kl)l Ry (11)

K2

¢ R1

Ecnu mmact OyaeT cocToaTh U3 TpeX 30H, TO opMyJia IMEET CIIETYIOIIHA BU/I:
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2nK1h
KHPO[[ =R o (12)
k. (K2—K Rl  (K3—-K Ry
ln¥+(—2}<2 l)l‘l’la‘l‘(—S}(:g Z)an

Tenepr paccMOTpUM BapHaHT, Korzaa oOpa3zoBajlachk BEpTUKaJIbHAs TPELMHA (PUCYHOK 3.2).

BepTukanbHas TpeuwmHa

/Beprm(anbuan TpeuwmHa
L7 i T

Rk hH

x
=
v

Pucynok 2. Cxema pacrnosio’keHa BEpTUKaJIbHOM TPEIIMHbBI B 30HAJIbHO HEOJAHOPOJHOM I1jacTe

Hcrnonb3ysi  BBIIEU3TIOKEHHBIH METOJAMYECKUH TOAXOA sl ciaydas oOpa3oBaHUS
BEPTUKAIBHON TPEUIMHBI B ABYX30HHOM HEOAHOPOIHOM ILIACTe KOI(PPHUIMEHT MPOTyKTUBHOCTU
MO>KHO OIPENEIUTh 110 cleAyrome popmyie:

_ ZTTthT
Kl'IPO,Z[.Tp — Ry . (K2—Kuirp), R (13)
In—-4+{——)In="
uc K2 Rq

Ecnu 30Ha ¢ pa3ianyHON MPOHMIIAEMOCTHIO COCTOUT U3 TPEX YYacTKOB, TO KO3(DPHUIMEHT
MPOAYKTUBHOCTH I BEPTUKAIBHOM TPEIMHBI OyIeT ONpeensiThes Mo cienyomeil popmye:

2K h
Knpogrp = o g (14)
J.Tp lnR—k+< 2 1.Tp)lnR_k+(K3—K2)lan

Yc K2 R4 K3 E

Torga k03QQUIMEHT NPOIYKTUBHOCTH AJisi MOPOBOTO MPOCTPAHCTBA IIacTa C JBYMs
30HAMU HEOJHOPOJHOCTH TMPU HATUYUU BEPTUKAIBLHOW TpPEIUHBI OyAeT ONpeaensThCs M0
cnenytomen hopmye:

_ 27K 1 op (hy—hy)
Knpos.nop = lnﬁ+(}<2-}<”p)lnﬁ (15)
K2 Rq

¢
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Ecau rmmact coctouT ®3 Tpex 30H, TO KO3(DOUIMEHT NPOAYKTHBHOCTH IOPOBOTO
MIPOCTPAHCTBA OYJET OMPENEISATHCS 10 CleAyomel hopMmyiie:

_ 27K nop(hy—hr)
Knpog.mop = lnR_k+(K2—K1_nop)lnR_k+(K3 Kz)m& (16)
Ye Ko R4 K3 Ry

OO6muii kod(hPHUIHUEHT I ABYX-30HHOTO HEOJHOPOJHOTO IJIACTa MPOAYKTUBHOCTH OyIeT
OTpeAeIATHCSA 1O cienytouieit popmyre:

K _ ZTEKl.l'IOp(hH_hT) 21Ky mphr (17)
[IPOl.mop — T R K2—-K R R K2—-K R
A.mop ln—k+(—2 1'H°p)ln—k ln—l"'+(—2 l‘Tp)ln—k
Yc KZ R1 Yc K R1

HJ'ISI TPEX30HHOI'O HCOAHOPOAHOI'O ILJIACTA:

K06Lu _ Z”Kl.nop(hﬂ hy) 27[Kl.'rphT ( 1 8)

= +
npoa.3 Ry (KZ_Kl_nop) Ry , (K3—K2\, Rp R Ky—Kq R K3;—K R
n—k4 In—%4 In== k -Tp k 3 "2 k

e rr i )ing; lnqc+( K, )I"R1+( K )I"Rz

Torma KOS(I)(I)I/II_II/ICHT, MMOKa3bIBAIOIIIUI YBCIIMUCHUC ITPOAYKTUBHOCTH IJIaCTa IJIA:
-IBYX-30HHOI'O HCOJHOPOAHOT'O IJIaCTa UMECT BHU:

271-1(1.r10p(h'1-{ - hT) + 27I-I{l.'rph'r
R Ky — Kino R R K, —Kir R
ln—k+(—'p)ln—k ln—"+(—‘p>l Ry
AK - = 4, K, R, q K, R, _
mp-2 2K h,
Rk K, —Ki\, Rk
I+ (Fop K, )in I
Ry , (K2= Rk (K2=K1),,. Rk
 Kanop(hy—ho)| ke (2L )ln— Ky rphe| i (2L )k . 19)
Ry . (X2—K1inop), Ry Ry . (K2—K1nop\, Rg]’
L e L IR Ll e L

-TPEX-30HHOT'O HECOAHOPOJHOTO ITJIaCTa UMECT BU!

i1 [+ (S ) e ()

Ry Kz = Kinop Rk Ks — K Ry
Kt [in g+ (P int + (o) in

AI(np.z

Kiz7he [zni—’; (KZK2 )lnR—1 +(K3K3 )lnR_k

i (20)

Rk KZ—Kl-Tp) k , (K3-Kz Rk]
thﬂ[znqc+( T lnR1+( = )lnRz

Jns  u3ydeHus  Xapakrepa  M3MEHEHUS  Kod((duIMeHTa  NPOAYKTUBHOCTH  IPH
CYIECTBOBAHMM JIBYX U TPEX 30H HEOJHOPOJHOCTH B YCIIOBUSAX BO3HHUKHOBEHHUS BEPTHKAIBHON
TPELIMHBI, JUISI Cllyyash KPYroBOTO IuIacTa ObLT MPOU3BEIACH TUAPOJUHAMUYECKUN pacueTr Npu
CIIENYIOLINX UCXOAHBIX JaHHBIX:

+
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k1=0,017-10"2 M?; k=0,21-10""? M?; k3=0,09-10""? m?;
Kimp=1,7" 1012 m?%; Kinop==0,021" 1012 m?%;
hy=15M; hp=7 Mm;
R1=150m; R>=350Mm; Re=500mMm;
1—=0,01mMm.
Oo6cyxaenune
Pe3ynbTaTel pacyeToB MPEICTABICHBI B BUJE TPAHMI[ 3aBUCHMOCTH U3MEHEHUS AKnpos, OT
—K;Tl';:w JUISL IBYX M TPEX 30H HEOJHOPOJHOCTENM Ha PUCYHKE 3.3.
Kak BuaHO M3 pucyHKa 3.2, ¢ yBeJIMUCHUEM NPOM3BEIeHUH mapaMeTpoB Ky ., * hy, pacter
1 3HavYeHHe Kod((PHUIHMEHTa MPOAYKTHBHOCTH 30HAJIBHO-HEOJHOPOIHOIO KPYroBOro Imiacra. IIpu
3TOM CIIELYET OTMETHTH C YBEIMYCHUEM Pa3IM4YHBIX 30H C Pa3HbIMU CTENEHAMH HEOJHOPOIHOCTH,
CHIYKAET YBEJIMUYCHHE MPOAYKTUBHOCTH ILJIACTa.

Ky,

20

AK,,
15 & /

/
10 /
2R
s /

10 15 20 25 30 35

o
!

(%]

Pucynok 3. 3aBucumocts usmenenus AK,, ot cootHomeHus %’fj

3akirouenue

1. Y3 nonmy4eHHBIX pe3yJabTaTOB BUIHO, YTO U3MEHEHHE KOA(PHUIMEHTa MPOAYKTUBHOCTH
CKBOKMHBI B OCHOBHOM OIpEJeNsieTcs BEeIMYMHOM mapaMerpa CKUMAaeMOCTH TpPELIUH, 4YTO
00yCJIOBIMBAET YYBCTBUTEIBHOCTh (HIIBTPALIMOHHO-EMKOCTHBIX CBOWCTB IUIacTa K H3MEHEHUIO
HaAIpPsHDKEHHOTO COCTOSIHMS.

2.Cnenyer 0co00 OTMETHTbH, YTO Ha CTENEHb U3MEHEHHs MPOAYKTUBHOCTH B IpH3a00itHON
30HE IJIacTa 3HAYUTEIbHOE BIUSHUE OKA3bIBAET AEOUT CKBAXKUHBI, KOTOPBIM ONpeAenseT THHAMUKY
nepepacnpe/iesieHus JaBlIeHUs U, KaK ClIe/ICTBUE, 3(PPEKTUBHOCTD TPEHUPOBAHHUS.

3.YcTaHOBIEHO, UTO COBMECTHOE BIIMSIHME C)KUMAEMOCTH TPELIMH M PEKMMA KCILTyaTaluu
CKBO)XHHBI (1e0MTAa) HOCHUT HEJIWHEHHBIM XapakTep, YTO HEOOXOJUMO YYHUTHIBATH TIPH
MHTEPIPETAMK Pe3yJIbTaTOB TUAPOJANHAMHUECKUX HUCCIEIOBAHUN M MOICTUPOBAHUU pPa3zpabOTKU
MECTOPOKICHUM.

4.IlpakTrueckasl 3HaYMMOCTh MPOBEAEHHOIO MCCIEAOBAHUS 3aKJIIOYAETCSl B BO3MOXHOCTHU
ONTUMM3ALMU PEKUMOB pabOTHI CKBaXHH C Y4ETOM F€OMEXaHUYECKUX XapaKTePUCTUK IJIacTa, 4To
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MO3BOJISIET MOBBICUTH MX MPOAYKTUBHOCTh U CHU3UTh PUCKU MPEKACBPEMEHHOTO OOBOIHEHUS WU
Jerpajialiii KOJIEKTOPCKUX CBOMCTB.

5.IlonydeHHble pe3ylnbTaThl MOTYT OBITb HCIHOJB30BAaHbl IPH NPOECKTHUPOBAHUH U
KOPPEKTHPOBKE CHCTEM  pa3pabOTKM  MECTOPOXKIECHWH, B TOM HYHCIE B  YCJIOBHSX
CJI0KHOIIOCTPOCHHBIX TPEIIUHOBATHIX KOJIEKTOPOB.
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CHANGES IN THE PRODUCTIVITY OF A CIRCULAR FORMATION UNDER
CONDITIONS OF ZONAL HETEROGENEITY

Bissembayeva K.", Hadiyeva A.
Yessenov University, Aktau, Kazakhstan
e-mail: karlygash.bissembayeva@yu.edu.kz, hadieva albina@mail.ru

Abstract. The paper discusses the task of evaluating well productivity in a zone-
heterogeneous formation, taking into account the effect of hydraulic fracturing of the formation. An
analytical model of filtration is proposed, based on the representation of a productive formation in
the form of a circular region divided into several zones with different filtration and reservoir
properties. For each zone, individual permeability values are taken into account for a constant
formation thickness. An analytical expression was obtained for the well productivity index, which
allows taking into account the influence of permeability heterogeneity, geometric parameters of the
system and boundary conditions. The resulting relationship was analyzed, which showed that with
certain ratios of parameters, an increase in well production rate is possible compared to a
homogeneous formation.

Particular attention is paid to assessing the impact of fracture parameters and elastic
properties of the formation-fluid system on filtration characteristics and productivity. It was found
that matching the parameters of compressibility of the crack and elasticity of the porous medium
leads to a maximum increase in the productivity coefficient. The obtained results can be used in
modeling the development of multilayer fields, as well as in optimizing the parameters of hydraulic
fracturing to increase oil recovery of low-permeability reservoirs.

Keywords. formation, well, oil, thickness, permeability coefficient.

ANMAKTBIK BIPTEKCI3IK )KAF JAVBIHIAFBI LIEHBEPJII KABATTBIH
OHIMILIITTHIH O3TEPYI

K.T.BucemobaeBa“, A. XaaueBa
EcenoB yHuBepcurerti, Akray, Kasakcran
e-mail: karlygash.bissembayeva@yu.edu.kz, hadieva albina@mail.ru

AnaaTrna. byn KyMmbICTa TUApPABIUKAIBIK >Kapy OCEpIH €CKEpe OTBIPBIN, aiMaKThIK-
OipTekci3 Kabar >kaFJaiibIHIAFbl YHFBIMAHBIH OHIMAUINH Oaranay Moceneci KapacThIpbLIFaH.
OHiMAl KabaT TyYpakThl KaJbIHJABIK KaFJailblHAa Cy3rUTIK-CHIMBIMIBUIBIK KacHeTTepl opTypil
OipHene aiiMakka OeJliHIeH meHOepsi 00JIbIC TYPiH/E YChIHBUIFAH CY3Y MPOLECIHIH aHAIUTHKAIBIK
MOJIeNII YCHIHBUIABI. OpOip allMak YINiH OTKI3TIMTIKTIH KEKe MOHAEPl €CKepuIal. OTKI3TIMTIK
O1pTEeKCI3IriHIH, )KYHEeHIH FreOMETPHUSUIBIK apaMeTPIIEPiHiH JKOHE IIeKapaliblK MapTTap/blH dCepiH
ecerKe alyra MYMKIH/IK OepeTiH YHFbIMaHbIH OHIMIUTIK KO3()QUIMEHTIHIH aHAIUTUKAJIBIK OPHET1
aNbIHABL.  AJBIHFAH — TOYEJNJUIIKKE Talfay OKYprisunm, mapamerpiepiid  Oenrimi  Oip
apakaThlHaCTapbIiHAa OIPTEKTI KaOaTIeH CcalbICThIpFaHJa YHFbIMA JACOWTIHIH apTybl MYMKIH
€KEHJIIT1 KOpPCEeTUIII.

['uapaBIuKaNbIK JKapy KapbiFbl MapaMeTpJCpiHiH KoHE «KabaT—dmona» KyHeciHIH
CepHiMALTIK KACHETTEPiHIH CY3y cUIIaTTaMallapbl MEH OHIMLIIKKE acepiH OaranayFa epeKiie Hazap
aynapeuiabl. JKapbIKTBIH CHIFRIMAAIFBITHIK MapaMeTpiaepl MEH KEyeKTI OpPTaHBIH CepHiMIiIIK
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KacHeTTepl ©3apa VHJIECKeH JKaFaaiga eHIMAUTIK KO3(PQUIMEHTIHIH €H JKOFapbl apTyhbl
OallKanaTbIHBl AHBIKTAIABL. AJIBIHFAH HOTIDKENIEPi KOeNmKabaTThl KEeH OpBIHAAPBIH HUrepyi
MOJICNIBJICY/IC, COHJai-aK TOMEH OTKI3TIITI KOJUICKTOPJApAblH MYHAHOEpTilTITiH apTThIpY
MaKcaTbIH/1a TUPABIMKAIIBIK JKapy MapaMeTpiepiH OHTalIaHIbIpy/a KoJdlaHyFa 00a bl

Tyiiin ce3nep. Kabart, yarpiMa, MyHal, KaJabIHIBIK, OTKI3TIIITIK KOA(P(UIIMEHTI.
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