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AHHOTaNUsA. YBEJIUYEHHE J0JM TPYJAHOU3BIEKAEMBIX 3alIaCOB YCUINBA-  KpoueBble C/IOBa
€T HeOOXOIMMOCTh IPUMEHEHHSI COBPEMEHHBIX TEXHOJIOTHIA TIPH pa3pa-
00TKe HE(PTAHBIX MECTOPOXKICHHWHA Il TOBBIIEHUS 3()(OEKTUBHOCTH  rMAPOANHAMMNYECKana MOAEND;
Bblpa60TKI/I 3aIr1acoB. O}IHI/IM N3 UHCTPYMCHTOB [JId BBIABJICHUSA 30H C reoslIoro-TexHn4yeckne meponpuATus;
TPYAHOU3BIICKACMBIMH 3allaCaMy SIBISICTCS TCOIONO-THAPONMHAMUYCCKAS.  06BOAHEHME; MPOTHO3;
MOJIEITb, KOTOPast TO3BOJIACT CBIMHTHPOBATH PA3IMYHbIC TEONOTO-TEXHH-  \ionenpoBaHme

YEeCKHE MEPOIPHUATHS, TPOBOANMBIC HA TOOBIBAIOIINX W HATHETATEIIEHBIX

CKBa)XKMHAX. 3aJIO)KUTh MOKHO KaK IPOTHO3HMPYEMEIE, TaK M yXKe IpOBe-

JIEHHBIE MEPOIIPUATHS AJISl IPOBEPKU TMIIOTE3 M MIPUHATHUS PELICHUH 110

pa3paboTke MecTopOKacHUH. B maHHO# paboTe paccMOTpPEH y4acToK, Ha

KOTOPOM C OIPEAETICHHOTO MIEPUO/ia BPEMEHH BhISBIICHA MTpodieMa mpe-

JKIEBPEMEHHOTO OOBOIHCHHUS MPOXYKIMHU. [locie mpoBeIeHHOTO aHaIH-

TUYECKOTO PAaCCMOTPEHHS y4acTKa BEIIBUHYTa TEOpHUs 00 WCTOYHUKE

obBomHeHM:. Ha aHanm3upyeMoM ydacTke TakkKe pacroiokeHa TOPH30H-

TaJbHAs CKBAa)XWHA, HEIKCIUTyaTHpyeMas Ha TeKyIuii MoMmeHT. Cpasy

nociye Oypenus: Ha ckBakuHe npoBeneH [ PII. CkBaknHa BBelieHa B KC-

IUTyaTaIHIo ¢ BBICOKOW OOBOTHEHHOCTRIO M OTKITIOUCHA, TIPH TPOBEICHUH

JTOTIOJTHUTEITLHBIX MTPOMBICTIOBBIX T¢O(U3NICCKUX HCCICIOBAHUI 3aKO-

JIOHHBIX TICPETOKOB HEe 00HapYkeHO. [10 KOCBEHHBIM TTOKA3aTeNsIM (CBOM-

cTBa HOOBIBaeMOM BOJBI, IaBICHUE, TapaMeTphl pu mposeaeHnn 1 PIT)

CO3/1aHHasl TpeLMHA IPEojoJesia INIMHUCTYI0 NEPEMBbIUKY W co3jajia

TUIPOAMHAMUYECKYIO CBS3b C HIDKEIIKAIIUM BOJIOHOCHBIM IiacToM. Ha

OCHOBaHUU TMPOBEJCHHOTO aHAJIN3a BBIIBUHYTA TEOPHs O TOM, YTO ILia-

CTOBasi BOJIa HUYKHETO BOJOHOCHOTO ropu3oHTa 1o tpeuune ['PIT murpu-

poBaia B 30HY OTOOpa IMPOIYKTHBHOTO HE(TSHOTO IUIacTa B CBS3U C

OO0 pa3sHUIICH TEKYIIETO ITACTOBOTO JABICHUS MEKIY OOBEKTaMHU.

l'unore3a nmoxTBepx/eHa pacueTaMy Ha TUAPOIMHAMHUYECKON Mojenu. B

3aBEpPIICHUU PaOOThI HAJl YYaCTKOM OBLIO MPEIOKESHO HECKOJIBKO BapH-

AHTOB JUTS 3aMEIJICHHS JAJbHEHINEro MpopbiBa BOJBI K JOOBIBAOIIUM

ckBakuHaM. Cpeu HUX 3aKadyka pa3IMYHbIX COCTABOB HAa OCHOBE IMOJU-

MEPOB B TOPU30HTAJIbHYIO CKBAKUHY — «HUCTOYHHK.
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Abstract. . The increase in the share of hard-to-recover reserves increases
the need to use modern technologies in the development of oil fields to
increase the efficiency of reserves development. One of the tools for
identifying zones with hard-to-recover reserves is the geological and
hydrodynamic model, which allows simulating various geological and
technical measures carried out on production and injection wells. It is
possible to lay down both predicted and already carried out measures for
testing hypotheses and making decisions on field development. In this
work, we have considered the area where the problem of premature water
flooding of products has been identified from a certain period of time.
After an analytical review of the site, a theory was put forward about the
source of water flooding. In the analyzed area there is also a horizontal
well, which is not currently in operation. The well was fractured
immediately after drilling. The well was put into operation with a high
water cut and shut down, and no crossflows were detected during
additional field geophysical surveys. In terms of indirect parameters
(properties of produced water, pressure, parameters during hydraulic
fracturing), the created fracture overcame the clay bridge and created a
hydrodynamic connection with the underlying aquifer. Based on the
analysis, a theory was put forward that the formation water of the lower
aquifer along the fracture of the frac migrated to the zone of extraction of
the productive oil formation due to the large difference in the current
formation pressure between the facilities. The hypothesis is confirmed by
calculations on the hydrodynamic model. Several options were proposed
at the end of the site to slow further water breakthrough to the production
wells. Among them, the injection of various polymer-based compositions
into a horizontal well is a «source».
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Beenenne

VYXynmienue CTpyKTypbl OCTaTOYHBIX U3BIIEKa-
EMBIX 3aIlaCOB YCHUJIMBAET HEOOXOMUMOCTD TPH-
MEHEHHS COBPEMEHHBIX TEXHOJIOTHH TIpH pa3pa-
00TKe HE(YTIHBIX MECTOPOKIACHHUN TSI TIOBBIIIIC-
HUs 9P PeKTUBHOCTH BRIpAOOTKH 3amacos [1, 2].
OnmHUM W3 HHCTPYMEHTOB /IS BBISIBIICHUS 30H C
OCTaTOYHBIMH TPYAHOM3BIEKAEMBIMH 3aTlacaMi
SIBIISIETCSI T€OJIOTO-THAPOANHAMUYECKAsT MOJIEINb.
C ee TOMOIIIBIO MOYKHO PACCUUTAThH Pa3INIHbIC
CIICHApHUH Pa3pabOTKN 0O0BEKTA W BBISIBUTH HaW-

Pa3spaboTtka HedTAHbIX 1 ra30BbIX MECTOPOXKAEHWNI

0oJiee ONTUMAJILHBIN C TOYKH 3PCHUS KaK pa3pa-
OOTKH MECTOPOXKICHUS, TaK U SKOHOMHKH [3].
OpHako A7 OMYYCHUS aIeKBAaTHBIX PE3ybTaTOB
HEo0X0/IMMa KauyeCTBEHHO TIOCTPOCHHAS U aJiarl-
THpOBaHHAs Mojelnb [4]. MHCTpyMeHTHI aganTa-
WU JIOJDKHBI ObITh IPUMEHEHBI 000CHOBAHHO,
MaKCHUMaJIbHO MPUOJIMIKAsT MOJICIb HE TOJIBKO K
perIaMeHTy Mo aJanTalyy, HO U K UCTOPUU pa3-
pabotku. B reosioro-ruipoiuHaMu4YeCcKOi MO-
JICJIA €CTh BO3MOXKHOCTH CBIMUTHPOBATH Pa3Iny-
HBIE TE€OJIOTO-TEXHIUYCCKUE MEPOIIPHUSITHUS, TPOBO-
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JUMBbIE Ha JOOBIBAIOIIMX W HarHETaTEIbHBIX
CKBaKUHAX [5, 6]. 3a70KUTh MOXKHO KaK MPOTHO-
3UpyeMble, Tak U yXkKe IPOBEICHHBIE MEPOIPHUs-
TUSA JUIs IPOBEPKHU TUIIOTE3 M IPUHSTUS pELLICHUI
1o pa3zpaboTke y4acTka [7].

[IpuMeneHune reoaoro-TeXHUYECKUX MeEpo-
NPUATHIA TO3BOJISIET MOAJNEPKUBATH OOBIYY
HeTH, yBETUUUBATh TEMITbI 0TOOpa, 1OCTUTATh
makcuManbubli KMH [8, 9]. OnHuM 13 cambix
MOMYJIAPHBIX U 3PPEKTUBHBIX METOIOB, IPHMeE-
HSIEMBIX JJIs1 yBEIUYCHUS JOOBIYM HE(DTH B KOJI-
nekropax ¢ yxynumeHHeimu OEC, sBasercs ru-
npopaspsiB miacta [10, 11]. Kpome Toro, I'PII
MO3BOJISIET BOBJICYB B pa3padOTKy paHee He ape-
Hupyemsble 3anacsl. OHAKO MPOBEJAEHHUE THUAPO-
pa3pbliBa IIacTa MOXKET CONPOBOXKIATHCS pas3-
HOTO pOjia OCJIOKHEHHUSIMH, B pE3yJbTare KOTo-
pbiX 3¢ dexT oT mpoBeAeHUS MOXKET OBITh
orpuuarenbHbIM. OJHUM U3 (pakTOpOB, CHUKAIO-
M dddexruBHocTs ['PII, siBisercst mpopsis
TPELIMHBI B 0OBOJHEHHBIE MIIM BOZOHOCHBIE IJIa-
cthl [12].

B mannoii pabore paccmarpuBaeTcs MeCTO-
poxxaenue T, Ha KOTOpOM pa3padaTbIBAOTCS MPo-
IYKTHUBHBIE HE(TEra30HOCHBIE OTIIOKECHUS TYIIb-
CKOT'0 TOpU30HTA. B paspese BrliensA0TCS 1Ba
MIPOAYKTUBHBIX IJIACTA-KOJUIEKTOpa, MHAEKCUPY-
emble cHu3y BBepx kak Cmi-2 u Cti-3, cinoxeH-
HbIE TEPPUTEHHBIMM MOPOJAMH: NIECYaHUKAMU,
apruINTaMu U UX MEePEXOAHBIMU Pa3HOCTSIMHU.
Konnektopamy mpeuMyIIeCTBEHHO SABIISIIOTCS
MEJIKO- U CPETHE3EPHHUCTHIE TECUAHNKH, HHOTA
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AJIEBPUTHUCTHIE, CIIA00CIIEMEHTHPOBAHHbIEC U He-
CIIEMEHTHPOBaHHBIE.

st MecTOpoKIeHUS TOCTPOCHA T€0JIOTO-
rUIpOAMHAMUYECKass MOAETb. MonenupoBanue
OCYIIECTBISUIOCH C IMOMOIIBIO POTPAMMHOTO
obecneuenust tNavigator kommanuum RFD.
Bri6pan Tun mozenu black oil, mockonbky raso-
Bas IIaNKa B IJIACTE OTCYTCTBYET, ra30CoaepiKa-
HHUE HEBBICOKOE, a IUTACTOBOE JaBJICHUE HE CHU-
KaJIOCh HW)KE ABJICHUS HachlleHus. Pemaci-
tabupoBanue [JIM He IpoBOAWIOCH TSI TOTO,
YTOOBI HE TEPSTh ACTAIBHOCTD T'€0JIOTHYECKON
Monenu. Ha stane agantanuu myTeM pereHUs
00paTHOM 3a/1a4M OCYIIECTBISIIOCh YTOUHEHHE
OCHOBHBIX NMapaMeTPOB MOAENH, B TOM YHCIIE
reoJorn4eckoii ocHoBbl. OOpaTHas 3a7a4a pera-
€TCSl UTEPAlMOHHO A0 TeX MOp, MOKa MOAEIb
¢bunpTpanu He BOCIPOU3BEACT IHHAMUKY
M3MEHEHUS TEXHOJOTMYECKHX TTOKa3areiei pas-
pabotkwu [13].

MecTopoxaeHre HaxXoIuTCsl Ha BTOPO cTa-
nuu paspadotku. [Ipoucxoaut aktuBHOE pas3Oy-
puBaHUE y4yacTKoB. Ha ogHOM M3 y4acTKOB C
ONIPEJCIICHHOTO TePHOAa BPEMEHHU BBISBICHA
npoOiemMa MpexIeBpeMEHHOTr0 00BOJHEHUSI TIPO-
OYKUUH T0OBIBAIONINX CKBa)KUH, IIPH STOM OYa-
rOB HarHeTaHUs Ha y4acTke OypeHus HeT, CKBa-
*uHbI BckpbiBatoT YH3 (pucynok 1).

B npouecce MoaenpoBaHus pu J1€TaaIbHOM
aHaJIM3e yJyacTKa CIelMaIlNCcTaMH BbIsIBICHA TO-
PHU30HTAbHASI CKBAYKUHA, HE SKCIUTyaTHpyeMasi
Ha TeKyuuii MoMeHT. Cpa3y mociie OypeHus Ha

=
’% &_x 95.1

~ 1100

.
|
.
.
J—

Pucynok 1. Cxema paccMaTpuBaeMoro ydacTtka (TIOAJIoKKa — CTPYKTypHas KapTa 1o kKposje riacta Crin)

Figure 1. Diagram of the area under consideration (substrate — structural map along the top of the Stl reservoir)
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ckBaxkune nposenen ['PIT [14, 15]. CkBaxuna
BBEJICHA B HKCILTYaTalUIO C BBICOKOM 0OBOAHEH-
HOCTBIO U OTKJIIOYEHA, IIPY ITPOBEAEHHUH JIOTIOIN-
HUTEIBHBIX TPOMBICIOBBIX re0()U3NIECKUX HC-
CJICZIOBaHMH 3aKOJIOHHBIX IEPETOKOB HE OOHAPY-
)keHo [16]. Ilo KOCBEHHBIM ITOKa3aTeJsiM
(cBoiicTBa 1OOBIBaeMOM BOJBI, AaBJICHHE, MTapa-
MeTpsl ipu npoBeaenuu ['PII) coznannas tpe-
IMHA Tpeojiosena ITIMHUCTYIO ePEeMBIUKY U
co3/1ajia THAPOANHAMUYECKYIO CBA3b C HUXKele-
JKalluM BOJOHOCHBIM TtacToM [17—19]. Ha oc-
HOBAaHUU MPOBEJEHHOIO aHaJIM3a BBIJBUHYTA
TEOpHUs O TOM, YTO IUIACTOBAs BOJA HHUYKHETO
BOZOHOCHOrO ropusonra no rpemusne I'PIT mu-
rpupoBaiia B 30Hy 0TOOpa MPOAYKTUBHOTO He-
(TsHOTO MIacTa B CBA3M ¢ OONBLION pa3HULEH
TEKYIETO MIaCTOBOTO JaBIICHHS MEXIY 00BbEK-
tamu [20, 21] (pucyHok 2). C 1eNbro IpOBEPKU
runotesbl B ['/IM Obl1 cMOIEIMpOBaH FUIPaBIN-
YEeCKHUM pa3pbIB IJIacTa C MapameTpaMH Tpe-
LIUHBI coracHo runorese. IIpoBeneHHsbIN pac-

HachilL eHHOCTE HediThi
Ceyenme

PETROLEUM ENGINEERING

YeT M MOoKa3aTean padOoThl CKBAXHH 110 MOJEITH
MTOBTOPUJIM UCTOPUUECKYIO JTUHAMUKY, YTO MO/~
TBEpAUIIO peanooxkenre. CpaBHEHUE MTOKa3a-
Tesiel padoThl aHATM3UPYEMON CKBaXKHHBI 10 U
nocie Mmogenuposanus I'PII nokasaHsl Ha pu-
CyHKax 3, 4.

B 3aBepmennn paboTbl Hajl y4acTKOM OBLIO
MIPENTIOAKEHO HECKOIBKO BAPUAHTOB JJIS 3aMeJl-
JICHUS! JaTbHEeHIIero IpopbIBa BOABI K JOOBIBAIO-
UM ckBaxxuHaMm. Cpeu HUX 3aKadka pa3iud-
HBIX COCTaBOB Ha OCHOBE ITOJIUMEPOB B TOPU30H-
TaJIbHYIO CKBaXXHHY — «UCTOYHUK» [22, 23].
CerozHs cyliecTByeT MHOKECTBO TaAMIIOHUPYIO-
LIMX MaTepuasoB, KOTOPBIE B PE3yJIbTaTe XUMHU-
YECKOTr0 B3aUMOJECHCTBHSA C TUIACTOBBIM (ITIOU-
JIoM 00pasytoT 6apbepsl [24]. st addexTuBHO-
CTH TMOAOOHBIX BOJOU3OJISIHUOHHBIX PabOT
CO3JjaHHbIE Oapbepbl JOJKHBI BBIACPKUBATH
M3MEHEHUs JJaBJICHUS B IUIACTE, BO3HUKAIOIINE B
npouecce pa3padboTku. [Ipumensiembie Marepu-
aJIbl I0JKHBI 00J1a/1aTh BHICOKUMH TPaIUCHTAMH

Pucynok 2. Pa3pe3s B0JIb CKBaKHHBI — MCTOYHHUKA OOBOTHECHUS

Figure 2. Section along the well - source of water cut
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Figure 3. Results of adaptation to fracture cross-flow modeling
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Pucynok 4. Pe3ynbraTsl agantauyu nocie MOAEIUpPOBaHUs NepeTokoB 1o TpeuuHe ['PI1

Figure 4. Adaptation results after fracture cross-flow modeling

CJIBUTA JUISI IPEIOTBPAILIEHUS] UX BBIHOCA U3 CO3-
JIAaHHOM TpeuuHs [25, 26].

Takxum 00pa3om, reoJoro-ruaApoAHHAMHYC-
CKas MOACJIb ABJIACTCA MHCTPYMCHTOM HE TOJIBKO
JUIsL TPOTHO3MPOBAHMUS CIICHApHUEB Pa3paboTKHy,
HO M MHCTPYMEHTOM JIJIsl aHAJIN3a aKTyaJIbHOTO
COCTOSIHHSI Pa3pabOTKH M PELICHHs TeKYIUX
npobiem Ha oObekTax. [Ipu 3TOM porHocTuye-
CKasl CIIOCOOHOCTB I'€0JIOrO-TUAPOMHAMUYESCKOM
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