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AHanu3 3¢ peKTUBHOCTU 6apbepHOro 3aBOAHEHUA
Ha KNeHroncKom mecTopoXXaeHuu
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AHHOTauuA

Npo6nembl pa3paboTku HedTAHbIX OTOPOYEK U3BECTHbI U aKTyanbHbl. Onepexaloliee o6BoHeHNE U yBeNHYeHUe
3ara3oBaHHOCTV NPOAYKLUUMU BEAET K CHUXEHUIO OTHOCMTenbHOW ¢)a30BOM NpoHULaemMoCcTH no HedTH, YTO Beper
K CHUWXXeHWI0 HedTeoTAaYM 3aJieXKM U HU3KOW BbipaboTke 3anacoB. bapbepHoe 3aBogHeHUe — OJAMH U3 CaMbIX
3 heKTUBHLIX CNOCO60B BO3AEHCTBUSA, NPUMEHAIOWMXCA NPU A06bIve Hed TV U3 NoAra3oBbix 30H. OHOM U3 rNaBHbIX
npo6sem Nnpu AAHHOM BuJe 3aBORHEHHUA ABNAETCA NPAaBUNLHOCTL ee opraHu3auun. CnoxkHasa cuctema aAsyxcgasHon
tunbTpauum HeTM M rasa, a TaKKe HEOAHO3HAYHOCTb HAXOXKAEHMA rasoHedTaHoro KoHtakTa (THK) B 3anexu
AOMKHbI ObITh YyTeHbl NPU BBOAE GapbepHOro 3aBOAHEHMA B KavyecTBe OCHOBHOIO BO3JeiCTBUA Ha He(TAHyl0
0TOpOYKy. B cTaTbe Gblna npoaHanusnpoBaHa cucTema 6apbepHOro 3aBoJHeHUA, BBeAeHHAA Ha BepeicKoM o6beKTe
KueHronckoro mecropoxaeHua. Ha ocHoBe aHann3a NpPOMBICNOBbIX AaHHbLIX NPEACTaBNEHO TEXHOJNOrUYecKoe
peweHue No NoBbilweHUI0 3¢PeKTMBHOCTM GapbepHOro 3aBOHEHUA 33 CYeT NPeAOTBPALLEHMA NPOPbIBA rasa U3
ra3oBO# WAaNKK, CHUXKEHUA ra3oBoro akTopa no fobbiBalowleil CKBaXKUHE,

KntovyeBbie cnoBa
6apbepHoe 3aBogHeHMe, ra3oBbiv haKTop, HedTAHASA OTOPOYKA, ra30Bas LWanka,
NPOPbLIB rasa, HarHeTare/ibHan CKBaXMHa
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Abstract

The problems of developing oil rims are well known and relevant. Advance watering and an increase in the gas content
of the production leads to a decrease in the relative phase permeability for oil, which leads to a decrease in oil recovery
of the reservoir and a low recovery of reserves. Barrier flooding is one of the most effective methods of stimulation used
in oil production from gas cap zones. One of the main problems in this type of waterflooding is the correctness of its
organization. The complex system of two-phase filtration of oil and gas, as well as the ambiguity of the location of the
gas-oil contact (GOC) in the reservoir should be taken into account when introducing barrier flooding as the main impact
on the oil rim. The article analyzes the barrier waterflooding system introduced at the Vereisky site of the Kiengopskoye
field. Based on the analysis of field data, a technological solution is presented to improve the efficiency of barrier flooding
by preventing gas breakthrough from the gas cap, reducing the gas factor in the production well.

Keywords
barrier flooding, GOR, oil rim, gas cap, gas breakthrough, injection well

Materials and methods
Based on practical evidence

For citation:
M.B. Polozov, S.G. Zaynikaev, S.Y. Borchovich. Analysis of efficiency of barrier flooding of Kiengopskoe field // Ekcpozitsiya Net' Gaz = Exposition
Oil Gas, 2020. issue 3, pp. 60-63. D0I:10.24411/2076-6785-2020-10093

Received: 8.07.2020

IKCNO3NLUKA HEDTh TA3 CEHTABPL 4 (77) 2020


mailto:michael999@inbox.ru
mailto:michael999@inbox.ru

Tab. 1—3hek TUBHOCTb GAPbEPHOr0 3aBOAHEHUS MO 3IEMEHTaM pa3paboTku. Bepeiickuii
06beKT KueHronckoii nnowaam
Tab. 1—Efficiency ofbarrier flooding by development elements. Vereysky object ofKiengop

square
MecTo- Homep Cpok peanusauuun 6apbe-  30Ha pacrnonoXeHus AdekT,
poxpaeHve Auelikn  pa, Nocne Havana fo6bluM  HarHeTaTesIbHbIX CKBaXWH TbIC. T

6apbepHOro 3aBofHeHUs

KveHnronckoe 3 3ropa rasoHe(TaAHaA 1 HehTAHAA 36
KuneHronckoe 1 9 net rasoHe(TaHas 1 rasosas 0
Kunexronckoe 2 5nert rasoHe(TaAHasA 1 HeTAHASA 0
Kunexronckoe 5 2 ropga rasoHe(TaHas 0
Kunenronckoe 6 1 mecsy, rasoHe(TaAHaA 1 He(hTAHAA 0
KveHnronckoe 7 6 mecsaues rasoHe(TaHaa 1 HedTAHAA 0
Kuenronckoe 4 - Het N[,

BeefeHve — 3aBMCMMOCTb PACMOfIOKEHNS HarHetate/lb-

Pa3paboTka HeTAHbIX OTOPOYEK C Kax-
[bIM TOAOM YBeNM4YMBAET CBOK aKTyasbHOCTb.
MHorve mecTopoxfeHus, paspabaTbiBaemble
B POCCMU OCNOXHEHBI Ha/MYMeM ra3oBoii Lan-
Kn. bapbepHOe 3aBOAHEHWE NpUMeHseTcs, B
OCHOBHOM, B Cfly4ae KpaeBblX HE(TAHbIX OTO-
pouek, 4To 6bi10 ocBelwleHo B pa6ote [1]. Ha
KneHronckoMm MecTopoXaeHun rasosas Luarn-
Ka MmeeT 60/blume pasMepbl MO CPaBHEHWIO C
KpaeBoil HEe(TAHON OTOPOYKOW, cpeaHss 3d-
(heKkTMBHAsA TONLMHA KOTOPOW NO 06BEKTY CO-
crasnser 3 m. Kpome Ttoro, 6113koe pacnono-
)KEHNE NOBepPXHOCTel ras-HedTb N He(Tb-BOAA,
paccTosiHe Mexay KOTOpbIMU PaBHO OKOJO 26
M MO BEpTMKanu, cnocobCTByOT 06pa3oBaHnio
rasoBblX W BOASHbIX KOHYCOB B6AM3N [06bl-
BalOLNX CKBaXWH. CpefHsAs NPOHMLLaemMocTb
0,138-0,149 ™M no paHHeim TAW. CpepHee
3HaYeHWe AMHaMWYeckol BA3KOCTU He(hTW Be-
peiicknx OTnoXeHuii KueHronckoi nnowaam
cocTasnset 12,88 mMNa-c [2]. B ycnoBusx AByx-
(hasHol unbTpaumMm HethTM M rasa K 3abot
[06bIBaKOLLEN CKBaXMHbI GbicTpee GyaeT npo-
[BUraTbCs ra3 — NOBbILWEHHAA BA3KOCTb B AaH-
HOM cfyyae MMeeT 6OoMblIMiA OTPULATENbHBbII
3hekT. JaHHble NpobaemMbl Obin U3yYeHbl B
pa6ote [3]. bapbepHOe 3aBOJHEHUE B [JaHHOM
cnyyae [O/MKHO MPefoTBpaLiaTh OCMOXHEHUS,
HeraTMBHO B/MAOLME HA CTabUNbHY 06bIYY
HedhTL.

AHanu3 6apbepHOro 3aBOAHEHUS Ha
BepelickoM 06bekTe KneHronckow nnowagu

HauanbHoe nnacToBoe AasneHune no o6bLek-
Ty coctasnseT 118 atmocdep. Mo umetommes
[aHHbIM NNacToBoe [aBleHne OLEHWBAETCA Ha
ypoBHe 116 atmocgep. nactoBoe [faBneHue
Nno O6BLEKTY OCcTaeTcs CTabu/bHbIM, BAU3KUM K
3HAUEHWI0 HayanbHOro NNacToBOro [AasneHus,
6apbepHoe 3aBOHEHNE B JAHHOM Cly4ae fB/s-
eTcs Hanbonee aPHeKTUBHbLIM [4].

Peanusaums cuctembl 6apbepHOro 3a-
BOAHeHVs Havanacb B 2013 ropy. lNo cocros-
HMo Ha 01.01.2019 r. oHa HacuMTbIBaET AEBATb
CKB&XWH.

[Ana cuctemarmsalum aHanmsa e nnoLlaab
6blna pasfeneHa Ha HecKo/bKO iYeekK, BKoYa-
oYX B cebs BCe CKBaXWMHbLI 3KCMyaTaluoH-
Horo (hoHAa. J(h(PeKTUBHOCTb KaXkAOM M3 HUX
6bina oueHeHa oTAensHo. B xofe aHanusa 6binu
paccMOTpeHbl:

—TexHOMornyecKne nokasarenu pabotbl HarHe-
TaTeNbHbIX CKBAXWH, a TakxXe pearnpyowmux
Ha HWX 406bIBAIOLLMX;

HbIX CKB&XWH B He(hTAHOW WM rasoHedTs-
HO/ YaCTU 3aleXu, a TaKkKe CPOoKM peanu-
3auum Gapbepa nocne BBOAa L06bIBAOLLMX
CKBaXXMH.

PesynbTaTbl OLEHKM NpuBEAeHbl B Tabnuue

1[5

Ha ocHoBe faHHOro aHanu3a 6bi10 caenaHo

HECKO/IbKO BbIBO/0B.

* [onoxutenbHblX 3 ekt HabnaaeTcs T0Mb-
KO B OfHOW M3 7 svyeek. HarHetatenbHble
CKB@XXMHbI B [AHHON 30HE CO3JAl0T BOAHbIN
6apbep, CMoCO6CTBYOWMIA CTabUNBbHOW [0-
6bl4e HeTM Ha [,06bIBAOLLNX CKBAXKMHAX.

e OCHOBHbIM HEAOCTaTKOM BBEAEHHON Ccu-
CTeMbl 3aBOAHEHWA ABNSETCA HeyjayHoe
pacnonoXeHne HarHeTaTe/bHbIX CKBaXWH;
OrpaHMunTL MPOPbIBbI Ta3a K J06bIBAOLLMM
CKB&XXMHAM He yaa/och.
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Puc. 1—KapTa Tekywmx 0T6opo.. PalioH
CKBaXKUHbI [
Fig. 1—Map ofcurrentselections. Well D area

* Ecnv BBOZA 6apbepHOro 3aBOJHEHUS B AYeil-
Kax CyLLecTBEHHO OTCTaeT OT Havyana [06bIun,
3(hPeKTUBHOCTb €0 3HAUNTESNIbHO CHIMKAeTCS.

« [lononHutensHas [o6blya He(hTM B sYelike
3 oueHMBaeTCa MPUMEPHO B 4 TOHHbI B CyT-
KW, 4to faeT aekT B 36 TbiC. TOHH JOMON-
HUTENbHO [06bLITON HedTM, 4YTO roBOPUT 06
3((EKTUBHOCTA MPUMEHEHUS cucTeMbl 6a-
PbEPHOT0 3aBOAHEHWA MpW NPaBWUIbHOK ee
opraHu3auum.

Ha OCHOBaHWWM AaHHbIX BbIBOAOB, MOXHO [aTb
HEKOTOpble peKoMeHAaLun.

* Hanbonee ygayHbIM ABNSETCA pacnonoxeHue
CKBaXXWMH 6apbepHOro 3aBOAHEHUS B rasoHe-
(TAHON 30He. Mpu 3TOM [06bIBAKOLLME CKBa-
XXUHbI He AO/MKHbI HaxoAnTbCA 3a GapbepHoi
CKBaXVMHOW 6nmKe K BHYTPEHHEMY KOHTYpy
ra3oHOCHOCTU.  XXenaTenbHO  cnepytoLiee
pacrnonoXeHne CKBaXWH: HarHeTate/bHas

12.1.2019 6.18.2020

Puc. 2 —3aBucumocTb AebuTa HethTH OT ra3oBoro hakTopa CKBaXKUHbI [
Fig. 2 —Dependence of oil production rate on the gas factor of well D

Puc. 3 —leonorunyeckuii paspes, NpoxoAsaLLuii Yepea ckBaXkuHbl [, (cnesa) u H (cnpaesa) Ha
01.01.2019r.
Fig. 3 — Geological section passing through wells D (left) and N (right) as 0f01.01.2019
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Puc. 5 —Tleonornyeckve paspes Ha 01.01.2023 r.
Fig. 5 —Geological section as 0f01.01.2023

[lara

Puc. 4 — InHamuKa nokasaTeneii CKBa>KnHbl [ N0 NPOrHo3y
Fig. 4 —Dynamics ofwell D indicators according to the forecast

ba3oBas HakonneHHas
[06blya HeTn, T

1PacyeTHas
HaKor/1eHHas fo6blua
HeTn, T

Ba3oBblii 4e6UT HedTh,
/eyt

MpOrHo3HbI fe6ut
Hedw, T/cyT

[lO/KHA HaxoAuTbCH B HedTerasoBoOil 30He,

611Ke K BHELUHEMY KOHTYpY ra3oHOCHOCTH, a

[06bIBalOLLas CKBaXXMHA B HE(TAHOI 30He.
* Peanusauus 6apbepHOro 3aBOAHEHUS [O/K-
Ha ObITb OCyLecTB/eHa [0 MOSB/IEHNS OT-
puUAaTeNbHOTO BAUAHWUA rasa, B MPOTUBHOM
cnyyae 3(deKTMBHOCTbL [aHHOro BuAa 3a-
BOAHEHWNA oTcyTcTByeT. lpopbiB rasa K M3
NPUBOAMT K TOMY, YTO CKBaXXMHA HauMHaeT
pabotaTtb C MOBbIWEHHbIM [a30BbIM (HaKTO-
pOM —3TO MPUBOANT K 3ara3oBblBaHNIO CKBa-
XUWHbI, YTO MOXKET MOB/IEYL MOJIHYIO OCTAHOB-
Ky fobblun. [laHHas npobnema akTyasibHa M
MasionsyyeHa.
[Job6biBatoLne CKBaXKMHbI [0/MKHbI ObITh 3a-
LmMLeHbl 6apbepoM OT rasa Co BCeX CTOPOH,
rae npucyTcTeyeT ras. Heobxoammo cuctema-
TUYECKN NPOBOAMTL WCCNeA0BaHWA Mo onpe-
[leNeHnio NNacToBOro AaBneHns, AaBeHunin B
ra3oBoii W He(TAHOW YacTW mnacta, OLeHKe
TekyLiero nonoxexus M'HK.

B pab6orte [6] 6bin caenaH BbIBOZ, O TOM, YTO
B No/i0ro3aneraiwlymx nnacrax ¢ 6onbwoii npo-
TAXEHHOCTbIO MOBEPXHOCTU KOHTaKTa Hejtn 1
rasa 0cobblii MHTepec npeacTaBnseT WMEHHO
nogxos K paspaboTke HedTAHbIX OTOpoYeK
CO3aHNEM >XUAKOCTHOrO (BOAsSIHOro) Gapbepa
Ha ypoBHe THK ans m3onmpoBaHWsi ra3oBoii
Wwanku v noffepXxaHusa nnacToBoro AasfeHus
(Nn4). B xone aHanu3a 6bl10 BbIACHEHO, UTO
HarHetateflbHble CKBXXMHbI CO3JAl0T 30HbI MO-
BbILUEHHOTO AaB/IEHUNSA, KOTOPbIE NPENATCTBYIOT
NPOABVKEHNIO ra3a. 3T0 NMPOU3BOAMUT MONOXM-
TenNbHbIA 3PEKT, B Clyyae OpraHM30BaHHOTO
nogxofa K Bbl6OpY CKBaXWH W yyeTa reonorun-
yecknx 0CO6EHHOCTel palioHa 3anexw.

MoBbIWeHve 3hHEKTUBHOCTN HapbepHOro
3aBOAHEHMA Ha BepelickoM 06bekTe
KneHronckoi nnowagu

B KauecTBe OMbITHOrO y4acTka bbina BbiGpa-
Ha Ayeiika 7, B KOTOPOIi Takke He BblI0 BbisB-
NEHO MOMoXMTENbHOrO 3hdhekTa OT peanusauum
6apbepHOro 3aBOAHEHMA. B faHHbIi MOMEHT B
Auelike paboTaeT TONbKO OAHa BepTMKanbHas
HarHetatenbHas CkBaxuHa H, cosgatowas 6a-
pbep ANA eAVHCTBEHHOI A06bIBaKOWENn ropu-
30HTaNIbHON CKBaXWHbI [} C tora, OCHOBHas e
rasoBas Llanka pacnofoXeHa Ha ceBepo-BOC-
Toke (pumc. 1).

B xope aHanusa paboTbl CKBaXWHbI [, (puc.
2) 6bl10 BbLIABEHO, YTO 3HAYeHWs Ae6WUTOB Mo
HeqT! 1 KMAKOCTK ¢ Havana ee paboTbl nagatoT
[0 6 T/cyT, a ra3oBoro hakTopa yBenMuMBatoTcs
co 144 po 225 m3T. Mpy akcnnyaTauum CKBaxu-
Hbl C MCMO/b30BAHNEM LUTAHTOBOrO0 HacoCHOro
obopyfoBaHMA  3ara3oBblBaHWe — NPOAYKLMW
ABNAeTcH 6onee HeraTMBHbIM A1 [O6ObIYK, YeM
06BOAHEHVE, MOCKO/bKY OHO MPUBOAUT K HecTa-
6UNbHOI [06bIYe, BO3MOXHOMY NOSIHOMY CPbIBY
nofayn yCTaHOBKM W HeOOXOAMMOCTU peMOHTA
obopyfoBaHus.

[JaHHbllii pocT 6bin BbI3BAH MOAXOAOM rasa
13 ra3oBOM LWAMKW, 4TO ObINO BbISBAEHO MpK
M3y4eHUN TreoniorMyeckoro paspesa Ha rmapo-
[AMHamuyeckoidi mogenn 3anexu (puc. 3), rge
LIBETOM MOKa3aHa HacblILLEeHHOCTb ra3oM, n3me-
HAIOLAACA MO LKase OT CUHero LBeTa (3Haye-
HVe ra3oHacbIWeHHOCTN paBHO 0) [0 KpacHOro
(rasoHacblweHHOCTb paBHa 1).

a3 gBwxeTcs K 3a60t0 [o6bIBatoLLell CKBa-
XXUHbI C CEBEPHOW, CEBEPO-BOCTOYHO CTOPOHbI,
TO €CTb CO CTOPOHblI OCHOBHOI ra30BOWA Luanku.

[ns nosblweHNs 3HeKTUBHOCTN GapbepHOro
3aBOJHEHNA HEOoOXOAMMO YYMTbIBATL BbIBOZbI

Puc. 7 — CpaBHeHMe 6a30BbIX 11 pacie THbIX NoKasaTenei no >XnaKkocTwn
Fig. 7— Comparison ofbasic and calculated indicators for liquid
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Tab. 2 — PacyéT A0NONHMTENbHON A06bLIYK
NpW BHepeHN 6apbepHOro 3aBOAHEHNS
Tab. 2 — Calculation of additional production
when introducing barrier flooding

OtueTHbli  [JononHUTENb- JononHntens-

nepuog, Has go6blya Has gobblua
xugkoctn, O, T Hedtn Qh, v

K 2020 62,5 70,61

K 2021 616,45 518

K 2022 1686,91 1349,53

K 2023 3328,72 2541

1 pekoMeHZaLmK, chopMynnMpoBaHHbIe BbILIE.

CKBaXMHa H, pacnofoXeHHas HoKHee He
MOXET obecneuntb Gapbep, MNO3TOMYy He0bXo-
[MMO BBECTU AOMOSHUTE/NbHYIO HarHeTaTe/bHYH0
CKBaXWMHY, cO3jatollylo Gapbep s nogxopa
rasa. [na npoekTMpoBaHUs [AaHHOTO TeXHOo-
JIOTMYECKOTO pelleHuns Gblia BblbpaHa BepTU-
Ka/lbHasi ckBakmHa H1, GblBlas B KOHcepBa-
UMM W yAAYHO PacnOfIOKEHHas ANS CO34aHus
6apbepa.

MpOrHo3 a(HeKTUBHOCTN TEXHONOTUYECKNX
nokasarenen

TexHonornyeckas 3hpeKTMBHOCTL Oblna
onpeAeneHa ¢ NOMOLLp0 Mogenu [7], B KOTOpO#
Obln cO34aH MPOrHO3HbI BapuaHT pa3paboTkn
0o 2024r.

[OvHamuka paboTbl ckBaxuHbl [ (puc. 4)
Mo NPOTrHO3HOMY BapUaHTy MOKa3bIBAET, YTO

ENGLISH

Conclusions

The use of barrier flooding was substantiated on the basis of the
analysis of the geological and physical characteristics and the
current state of development of the Kiengopskaya area of the
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