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AHHOTauuA

B pa60Te paccMmoTpeHbl BOMNMpPOCHI OCNIOXKHEHUM npu 6yp9HMM CKBaXXWH, npenmyliecTB€HHO CBA3dHHbIX C NOBbILWEHHbIM
U36bITOYHBIM AdBJIeHUeM nNpu NpoxoxKAeHuu Yyepes Bbillenexalime nnacrbl. C Heabto NPOrHo3npoBaHusa OCJIOXKHEHUH nocTpoeHa
AByXCﬂOﬁHaﬂ rmMapoanHamunyeckas mojeb LieseBoro u Bbillenexallero njaiacros.

Ha COBpeMeHHOM 3Tane pa3BuUTUA I.I,Md)pOBbIX TeXHOJIOTUH ABYXMepHoe ruppoanHamuyeckoe mojaesnpoBaHue AaBnaetrcsa
HeoTbeM/ieMo# 4acTblo pa3pa60TKM MECTOPO)KAEHMﬁ B LleJIOM. Mop,enuponauue reonioro-TexHu4yecKux Meponpmlmﬁ no3Bojifaer
YBeNIU4YUTb uX Bd)d)eKTMBHOCTb Ha NopAAoK. B YaCTHOCTU, NPOKCU-MOAeJib NO3BOJIAET OLeHUTb ob6bembl HEI.I,eJ'IEBOﬁ 3aKa4yKu, 410
AdeT BO3MOXXHOCTb MPOrHO3UPOBaATb 0C/I0}KHEHUA Ha BblllesieXXalux naacrax.

OLI,EHKV pUcCKoB OCJIOXKHEHUN npu 6yp6HMM npeanaraeTcaAnpoBoAuTb C UCNOJIb30BaHUEM KapTbl pacieTHOro AaBsieHusa, nonyquHoﬁ
c nomolubto FMAPOAMH&MM‘IECKOﬁ NPpoKcu-moaenu.

Pa6oTa no C03iaHUI0 AByXCJ'IOﬁHOﬁ rMApOAMHaMM‘IECKOﬁ NPOKCHU-Mmojenun BKNYaeT B cebsa aHanus pe3ynbTaToB NPOMbICNIOBO-
I'eO(bVI3M'-Ie€KVIX uccnenosauuﬁ, l‘baKTM‘IECKMX cnyvyaes OCJIOXKHEeHUN npu 6ypeHuu U UHTEerpaabHoe onpejeneHue o6bemoB
He3deJEKTMBHOﬁ 3aKa4yKu, nocTpoeHne moaenu uenesoro v Bbiliesexxaliero njiacros, a Takxxe ajantayuio 3TOM mojenu c yyetom
(baKTVI‘IECKMX cnyvyaeB OCJIOXKHEHUN U OLl€HOYHbIX 3aMepoB NJ1acToBOro AaB/ieHUA.

Pe3yanaTOM ABNAeTcAa AByXCJ‘IOﬁHaﬂ rTMApPOAUHaMUYECKaa NPOKCU-MmopjeNlb, KOTOpasa corjacyetca C (baKTWIECKMMM cnyydyasamu
OCJIOXKHEHUN U umeet XOpoLyr CX0AMMOCTb C 3amMepaMM NJ1aCTOBOIo AaB/ieHUA (M36bITO‘IHOE AdB/ieHue, 3amepeHHoe yCTbeBbIM
MaHOMeTpOM Nnpu 3ape3Ke 60KOBOro CTBOJIa, @ TaK)Xe B KayecTBe OLleHKU CBepxy 6bIIN UCNONB30BaHbI AaHHbIe MJIOTHOCTU
XUAKOCTH I'J'IyI.I.IeHMiI). ﬂonyqeuuaﬂ Ha OCHOBe Moje/in KapTa pacyeTHOro AaBJjieHus B Bblllenexalliem njacre faeT BO3MOXKHOCTb
CNpOrHo3upoBaTh PUCKU OCJIOKHEHUIA Npu BypeHuun, a TaKkKe onpeaenuTb Heo6Xo0AMMYIO NNOTHOCTb GYpOBOro pacTBopa, YTo
no3BonuT usbexarb TeXHU4YeCKUX, a TaKxXe 3KOHOMUYeCKUX notepb (omeua GVPEHMH, npocmﬁ CKBaXXWH, AONOJIHUTEJIbHbI€
nepd)opauuu, notepu B AOﬁbI‘Ie Hed)TM). Takxe AByXCJ‘IOﬁHaﬂ rMapoanHamMmuyecKasa NnpoKcu-mojesib No3BondAeT KOHTPoOAupoBaTb
3HepreTuyecKkoe CoctosHue ueneBoro niaacrta, 4To NPpUBOAMUT K yay4ylleHUIO apaanTaluu A0CTOBEpPHbIX 3amepoB NJacTOBOro
ZaB/ieHUs 1 HaKoMJIeHHOW J006bIun HedTuH.

ﬂaHHyIO MeTOAUKY MOXHO NPUMEHATb Ha He(bTilelX MeCTOpOXXaeHusax, rge Ha6n|on,aeTca CHUXXeHue 3de)eKTa OT 3aKa4YKu.

Matepuansl u meToabl KnioueBbie cnoBa

B xoae fiaHHoOM paboTbl NOCTPOEHA ABYXCNOMHASA TMAPOAUHAMMUYECKAs OC/IOXHEHUs Npu BypeHun, rapoaANHaMUYecKas Mogensb,

MOZefb L|eN1eBOr0 1 BbllIeNexKallero niacrTos, KOTopas no3sonser NPOKCM-MOZeNb, NNacToBOE AaBNEHME, MTPOMbICIOBO-reotmn3nyecKkmne
NPOrHO3MPOBATh PUCKM OCIOKHEHUI NPU BypeHnn. nccneaoBaHus
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Abstract

The article considers the issues of complications when drilling wells into overlying formations relative to the target, mainly associated with
increased overpressure. In order to predict complications, a two-layer hydrodynamic model of the target and overlying layers was constructed.
At the current stage of digital technology development, two-dimensional hydrodynamic modeling is an integral part of field development
in general. Modeling of geological and technical measures makes it possible to increase their effectiveness at times. In particular, the proxy model
allows us to estimate the volume of non-targeted injection, which makes it possible to predict complications in the overlying layers.

It is proposed to assess the risks of complications during drilling using a calculated pressure map obtained using a hydrodynamic proxy model.
The work on the creation of a two-layer hydrodynamic proxy model includes the analysis of the results of field and geophysical studies, actual
cases of complications during drilling and the integral determination of the volumes of inefficient injection, the construction of a model of the
target and overlying formations, as well as the adaptation of this model taking into account the actual cases of complications and estimated

measurements of reservoir pressure.

The result is a two-layer hydrodynamic proxy model that is consistent with the actual cases of complications and has good convergence with
reservoir pressure measurements (overpressure measured by a wellhead pressure gauge when cutting a side trunk, as well as data from the
damming fluid density were used as an upper estimate). The calculated pressure map in the overlying reservoir obtained on the basis of the model
makes it possible to predict the risks of complications during drilling, as well as to determine the necessary density of drilling slurries, which
will help avoid technical as well as economic losses (cancellation of drilling, downtime of wells, additional perforation, losses in oil production).
Also, the two-layer hydrodynamic proxy model allows you to control the energy state of the target reservoir, which leads to improved adaptation
of reliable measurements of reservoir pressure and accumulated oil production.

This technique can be used in oil fields where there is a decrease in the effect of injection.

Materials and methods

In the course of this work, a two-layer hydrodynamic model of the target
and overlying formations was built, which allows predicting the risks of

complications during drilling.
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BBeaeHune

MopgenvpoBaHue nnacra — 370 MOLHbIV Me-
TOA ANA ynpaBfeHWs NaacTtom, KOTOPbIA NO3BO-
NAET UHKEHePY NOHATb reoornyeckoe CTpoeHne
nnacTta U npeAckasatb ero noBefeHne nNpu pas-
JINYHBIX CLleHapusax pa3paboTku. NporHo3nposa-
HIe NOBEAEHNA NaacTa MOXHO 1CNONb30BaTh ANs
peleHns npobnem, CBA3aHHbLIX C NNAHUPOBAHM-
eM, 3KcnayaTauuen 1 AMarHoCTMKOMN Ha Bcex CTa-
ansx pa3paboTku mecTopoxaeHus [1].

MogennpoBaHue nnacta jaet BO3MOKHOCTb
NHXeHepam-HeDTAHNKAM NONyYnTb TeKyliee
COCTOSIHME NNacTa, KOTOPbLIN COAEPIKUT YrneBo-
LOPOAbl, U CMPOrHO3UpOBaTb ero noBejeHue
NPy pasfNnyHbIX YCNOBMAX 3KCMAyaTaumu. 310
CBA3aHO C HEO6XOAMMOCTbIO OLEHUTb U CBECTU
K MUHUMYMY PUCKM MO BbIGPaHHOMY NPOEKTY
no6blun yrnesogopoaos [2].

B HacTosuee Bpems pa3pabotka HedTAHbIX
MEeCTOPOX/EHNIN OCYLeCTBAAETCA NpeumyLie-
CTBEHHO C NMOAAEpPXaHWeM NNacToBOro Aasne-
Hus (NMNJ) nyTem 3aKa4yky BOAbI, NOITOMY OAHOM
3 aKTyasbHbIX Npobnem ABAAETCA OTCYTCTBUE
adeKTa oT 3aKauKun. Yxo[ HarHeTaeMon BOAbl
B BblleNexaline nnactol rnaBHbiM o6pasom
BO3HWMKaeT BCeCTBME pocTa TpelwnH asTol Pl
B BbICOTY, TaK}e NpUYMHON HeaDheKTUBHOW 3a-
KaUYKU MOTYT ABNATLCA HAPYLWEHUA KOHCTPYKLNUMN
HarHeTaTeNbHbIX CKBaXMWH [3].

lepeTokn BOAbl B Bblllenexauue nna-
CTbl NPUBOAAT K CHUMKeHU0 3DPeKTUBHOCTM
cucrembl MMM, a TakKe BOSHUKHOBEHWIO PUCKOB
OCNOXHeHU npu Bypenun [4, 5. B 2022 roay
[LONSA BbIABNEHHbIX OCNOXHEHW Npu 3apes-
Ke 60KoBbIX cTBONOB (36C) HA ABYX OCHOBHbIX
o6beKTax paccMaTpMBAEMOro MeCTOPOXAEHNSA
cocTaBuna okono 40 % ot o6utero yncna 36C.

Pe3ynbTathl Npombic10BO-reod@usnyeckux
nccneposaHuii (NMIY) aaloT TONbKO KayecTBeH-
HYI0 OLEHKY Hanuuna BepTUMKaNbHbIX MepeTo-
KOB B CKBaX{MHax HarHetatenbHoro doHaa, npu
3TOM ocTaetcs npobiemMa KOAMYECTBEHHOTO
onpeaeneHuns 3Tux o6vemos [6]. OrpaHunyeHue
NpoBeLeHNsA UCCNeA0BaHUN No onpejeneHunio

nnactoBoro AasneHus (express Pressure
Test — XPT) B HU3KONPOHMLL@aeMbIX KONNeKTopax
3aK/YaeTcs B Nony4YeHu GonblIOro Konuye-
CTBa «CyXMx» 3amepoB (OTCYTCTBME NPUTOKA).
OTctofa BO3HMKaeT npobaema KOMYeCTBEHHO-
ro onpefeneHus 3Tmx 06bLEMOB, a TaKKe Npo-
FHO3MPOBAHWA BENMYNH NNACTOBOrO AaBNeHUA
B BbllUeNexaliux nnacrax c Lenbio onpejene-
HUSA PUCKOB OCNIOXHEHUI NPy BypeHuu.

MHorue coBpemeHHble npo6aemsl B paspa-
60TKE MECTOPOKAEHWII pellatTcs NoCPeACTBOM
umcposoro mogenuposanus. CyliecTByeT MHO-
KeCTBO WHCTPYMEHTOB A8 MOJENNpoBaHuA
B BMAE Pa3NNYHbIX MPOrpamMMHbIX MPOAYKTOB,
0flHaKo, KaK mpaBuio, BCe OHW npepgnaraioT
CNOXHOe TpexmepHOe MOoJennpoBaHue, KOTO-
poe TpebyeT cneunduyeckux 3HaHUM 1 6ONbLINX
BpeMeHHbIX 3aTpat. bonee npocTbiM 1 yA0BHbIM
BapMaHTOM MOJENNpOBaHUA ABNAETCA ABYX-
MepHOe NpoKCU-MofenvnpoBaHne B MHGOpMa-
LMOHHOM cucteme «PH-KUH».

Mpokcu-mosens (oHa e ABYXMepHas
rMApoAMHaMMUYECKas MOLENb) — YNpolleHHas
OflHOCNONHasA rujpojuHammuyeckaa MojeNb
€ aBTOMaTMyeckum nogbopom KoabuuymeHToB
ypaBHeHWA Nbe30NpOBOAHOCTU NO AaHHbIM Tex-
HONOTUYECKUX PEXMMOB PaboThbl CKBAXMWH [7].

Pacyetr mopenn npousBoauTCA Ha OCHOBeE
ypaBHEHWIN, ONUCbIBAOWMX GUABTPALUNIO XKNA-
KOCTW, @ UMEHHO Ha OCHOBE 3aKOHa COXPaHeHUs
macchl v 3aKoHa flapcu.

lpoKcu-mopenupoBaHne no3BonseT pe-
WwaTb MHOXeCTBO 3ajay, TakMx KaK OLeHKa
06bemM0B  He3I(GhEKTUBHON 3aKauyku nyTem
ajgantayuMu MoAenn C OMOpoN Ha pe3ynbTaThbl
MM HarHeTaTenbHbIX CKBAXWH, r’MAPOANHAMMU-
yeckux uccneposanuin (FANC) u onpeaenexHne
NnacToBOro AaBfeHuns C LieNbio NPorHo3npoBsa-
HUS PUCKOB OCNOXHEHWIA Npu GypeHuu [8].

Mpu 3TOM OnepaTMBHOCTb PacyeToB W Npo-
CTOTa MCNOJ/Ib30BaHNA MPOKCU-MOJENN B LieNOM
no3BonAeT MPOM3BOAUTL PacyeTbl B pamMKax
NNaHUpoBaHUsA cTpaTerun pas3paboTku Ha Kpyn-
Hewmnx HedTAHbIX 06bEKTAX, KOTOpbIe B CUY

CBOEro pasmepa u 60/1bLIOrO KONNYECTBA CKBA-
XWH He OXapaKTepu3oBaHbl nosHomacuwTab-
HbIMW  TpEeXMEPHbIMU TUAPOANHAMUNYECKNMU
mMmoaenamu.

MocTpoeHne npokcu-moaenu

Ha paccmartpuBaemom B cTatbe 06beKTe
pa3paboTkM B 3KCMAyaTalMu HaXoAATCA He-
CKONbKO TbICAY CKBaXuH. o 3TOW npuymHe
00BLEKT Ha AaHHbIi MOMEHT OXapaKTepu3oBaH
TONbKO [BYXMEPHON TUAPOANHAMUYECKON
NPOKCU-MOAENbI0, KOTOpas Mo3BONAET pellaTb
3afaun nnauupoBaHus 3BC, meponpuAtuii
Ha ¢oHpae MM 1 MHOXeCTBO ApPYrux, HO 3TOro
HefoCTaTOYHO ANA NPOTrHO3MPOBAHUA PUCKA OC-
NO¥HEHUI npu BypeHnn B cuny 60nbLoro 06b-
emMa Henpou3BOAWUTENbHOW 3aKayku, KoTopas
YXOAWT B BbllLe/iexalyme nnacTtbl v yBennymsaer
B HWX NnacTtoBoe AaBneHve. [ina peleHmna faH-
HOI 3afja4yn NPUHATO pelleHne O MOCTPOEeHUU
aHanornyHom npoKcu-mogenu, Kotopas oOyaer
onucbIBaTb FMAPOAWHAMUYECKME MNpoLecchl
MMEHHO B BbllUeNexalux BOAOHACHILLEHHbIX
nponaacrkax c y4eTom NepeToKoB HarHetaemon
BO/bl V1 MO3BOJIUT NPOrHO3MPOBaTb B HUX Mna-
CTOBOE JaBneHne 1 KayecTBeHHee MOAXOAWUTb
K onpejeneHnio Heo6XoANMON NNOTHOCTM Bypo-
BOro pacTtBopa npu 6ypeHun, 4To CHU3UT PUCKK
BO3HVWKHOBEHWA OCIOXHEHWN.

PaGoTa Nno noCTPOEHMI0 FMAPOANHAMMUYE-
CKOM NPOKCU-MOAEN Bbllienexalinx nnacros
C yyeTom 06bEMOB BePTUKANbHbLIX MEPETOKOB
Ha HarHetatenbHom ¢oHae 6bina pasgeneHa
Ha ABa 3Tana. Mepsbiii 3Tan BKAtoYan cbop faH-
HbIX M aHanu3 pesynbratoB MM, aHanu3 dak-
TUYECKUX CNYYaeB OCNOXHEHUIA Npu GypeHum
3a npeabiaylne rofpl, a TaKxe onpepeneHve
06bemoB Hea(heKTUBHOM 3akayku. Bropoii
3Tan paboT — HenocpencTBeHHoe nocTpoe-
HWe NoAHOMACWTabHON ABYXCIOMHON NPOKCK-
MOJeNn LeneBoro U Bblllenexaliero nnacra
paccmaTpuMBaemoro MectopoxaeHus. [na no-
CTPOEHMA MOAENN NCMoAb30BaNUCh HaYabHble
KapTbl HaCbILWEHHOCTW, TOMLUH, MOPUCTOCTU
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1 npoHuuaemoctu. [lanee nposogunach agan-
Tauma mozenu Ha padHble MU, dakTnyeckux
CnyyaeB OC/OXKHEHWNA U OLEHOYHbIX 3amepoB
nn1acToBOro AaBneHuUA.

Ha momeHT aHanusa doHf HarHetartenb-
HbIX CKBa¥UH cocTaBian 6onee 940 CKBaMUH.
C Hayana pa3paboTKy Ha MECTOPOXAEHNUM BbIN0
npoBefeHO CBbllle CeMU TbiCAY MPOMbICNOBO-
reoun3nyecKknx NccnesoBaHni.

MposepnenHble MM oxsatnan 95 % GoH-
[la HarHeTaTeNbHbIX CKBaXWH. bonbwas yactb
3TUX UCCNefoBaHUN AaeT KayecTBEHHOe onpe-
[leNleHne Hanuyna BepTUKaNbHbIX NepeToKoB,
Nno3ToMy OnpejenuTb, KaKoW MNPOLEHT 3aKa-
UMBAEMOI B HAarHeTaTeNbHYI CKBAXWHY BOZbl
YX0AUT B Bblllenexalme nnacrbl No pesynbra-
TaM 3TUX WCCNefOBaHW/A He npeAacTaBnAeTcA
BO3MOXHbIM. OCHOBHble 3amepbl, UCMNONb3ye-
Mble NPy UHTepnpeTaLnmn, — pasHOBPEeMEHHble
3amepbl TepmomeTpun (TM), KocBeHHble npu-
3HaKM NepeToKOB TaKXe BbIAeNATCA No rmapo-
AvHamnyeckon pacxogometpun (PT), ckea-
MUHHOMY TepmouHaukatopy nputoka (CTW),
ramma-Kapotaxy (TK) u paguoreoxummyeckomy
addekty (Pr3). NMepeTokn NposBAAIOTCA HEMO-
HOTOHHbLIM TemnepaTypHbIM Nonem Bbiwe A16o
HUXe ueneBoro nepoprMpoBaHHOro MHTepBana
1 TOYKOi nepernba rpagneHTa B naacre-ucroy-
HUKe nepeToKa.
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M nnacrY

nnact X

Puc. 1. @akmuyeckue cay4au 0cnoxcHeHul npu
6ypeHuu
Fig. 1. Actual cases of drilling complications
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Pr ans oueHkn o6bema nepeToka He uc-
MONb3yeTcA, a yKa3blBaeT NNLWb HA KOCBEHHbIe
NPU3HaKW €ro HaNMYUs — KPOBENbHbIA N160 no-
[OLWBEHHbIA Npodunb yxoaa (T. e. UHTEHCMBHAA
paboTa KpOB/M 1IN NOAOLBbI).

Mocne aHann3a pesynbTaToB UCCNEA0BAHUN
NpOMCXOAUN BbIGOP BbilLenexallero niacra Ans
NOCTPOEHMNA ABYXCNONHOW NpoKcu-moaenu. [ina
3Toro GbiNK NpoaHanM3MpoBaHbl haKkTuyeckne
cnyyam ocnoxHenmii npu Gypenun (puc. 1),
a TaKKe pe3ynbTaTbl UCCNEA0BAHNA BbilLeNexa-
LWMX NNacToB NpK MOArOTOBUTENbHbLIX paboTax
K 3ape3ke 6OKOBbIX cTBONOB. Mnact Y, 3anera-
fowunin mexay nnactamu X u Z, He 6bin BbiGpaH
B KayecTBe Bbllle/iexallero ANA NoCTpoeHus
MOZENU B CUY TOTO, YTO 3TOT NNacT NpeAcTaBaeH
NPenMyLLeCTBEHHO TNHUCTLIMU OTNOXEHUAMU
1 pa3BWTMEM KONJNEeKTOpPOB B 3anajHOMN 4acTu
MECTOPOXAEHUA C HE3HAUYUTENbHOW NioLWwabio
nepeceyeHns C LeneBbIM NNACTOM Z N0 BepTU-
Kanu. AHanu3 nokasal, 4To OCNOKHeHNA Npu Gy-
peHUN 0XMAAITCA Ha Bblllenexaliem naacre X.

TaKkwe 6bl1 NPOBE/EH aHaNW3 MccnegoBa-
HWI pocTa TpewmnH asTol Pl B BbICOTY, KOTOPbIN
noKasal, YTo TpeLyVHbl MOryT PacnpoCTPaHATb-
cA [0 BbllWenexawmux nnacros (puc. 2). Yxon
BOAbl B Bblllenexawuin nnact Y no atum tpe-
WuMHam Gbin yyTeH NpU MOCTPOEHUU MOLENU.
[lna BbIABNEHMA PUCKOB NpoOpbiBa TpeL|MHbI
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nnact X W Bbiwenexalyume
nnacrol

Puc. 2. Pezynemamel uccnedosaHus pocma
mpeuwuH asmolPl1 8 sBbicomy

Fig. 2. Results of a study of autofrac fracture
growth in height
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B BbllUenexalime nnactl NPOBOAWIOCH MO-
fenvpoBaHne B mopyne «Bbicota TpewWHbl
aBTolPl», peann3oBaHHOM B MPOrpammHOM
npoaykre «PH-CUTMA».

[ina nposeaexuna pacyeta 3agaerca uHdop-
mMauua o TonlwuHe u nepdopauunn IKcnayaTu-
pyemoro o6beKTa, NNacToOBOM AaBfeHuu, pac-
npefeneHnn MUHUManbHOrO rOPU30HTaNbHOTO
HaMpsXeHUs 1 TeKylem 3a60iHOM faBneHuu
paboTatoLeil HarHeTaTebHON CKBaXMHbI. B pe-
3ynbTaTe MOAEeNMPOBaHNA ONpeaenseTca BblCo-
Ta TpewmHbl asTolPI npu 3agaHHOM 3a60iHOM
naBneHun. Takxe CTPOUTCA 3aBUCUMOCTb BbICO-
Tbl pacnpocTpaHeHna TpewmHsl aBTol Pl oT 3a-
GoiiHOro AaBneHus Ans BbIGOpa ONTUManbHOIO
[laBNeHNA B HarHeTaTesNbHbIX CKBaXMHax C Le-
NIbl0 OrpaHNYeHUA pocTa TpeLnHbl B BbICOTy [9].

[lanee Obina nocTpoeHa MNPOKCU-MOAENb
1 NnpoBefeHa ee ajanTtauna ¢ y4yeTom aktuye-
CKUX CNy4yaeB OCNOXHEHWIA npu BypeHun. Tak,
noay4yeHHasa MOAe/b NoKasana XopoLLy CX0A4M-
MOCTb € (haKTUYECKMMM 3amMmepamu NaacTtoBoro
naeneHns (nnact X): KayecTBeHHas ajantayus
Ha 3amepbl IANC n n3bbiTouHoe aasneHue (3a-
MepeHHOe yCTbeBbIM MaHOMETPOM Npu 3ape3Ke
60KOBOrO CTBONA), @ TaKKe B KAaYecTBe OLEHKU
cBepXy OblAW UCNONb30BaHbI JaHHble MNOTHOCTU
KUAKOCTU rnywenus [10]. Bonbluas yacTb BepTU-
KaNbHbIX NEPETOKOB CBA3aHa C POCTOM TpeLyu-
Hbl aBTol Pl BBepx. COOTBETCTBME pacyeTHOro
AaBJeHNs MO MOAENN C 3aMepamm N36bITOYHOTO
nasnenus (Pns6) — 100 %; ¢ 3amepamm cTatu-
yecKoro ypoBHsa (Hct), maHometpa (Pnn), Kpu-
BoW nageHus gasnexus (KNQ) — 100 %, no gax-
HbIM ryweHus — 85 % (puc. 3).

Anpo6auus noaxoaa K MUHUMU3ALUN
PUCKOB OCNOXHEHUI Npu GypeHun

B TeuyeHue rosa Ha MeCTOpPOXAeHUU Gbino
npoBeAeHO 56 onepaluii No 3ape3ke GOKOBbIX
cteonos. lNepen nposefeHnem 36C nposoau-
N0oCb WUCCNef0BaHNe NNacToB, KOTOpoe onupa-
nocb Ha fganHble [ANC (MccnefoBaHns LeNeBoro
nnacra v pacyet pocra TpelmHbl aBTol Pl B Bbl-
coty), MM (Hannune HapyweHNn KOHCTPYKLUN
CKB@XWH) ¥ pe3ynbTaTbl MPOKCU-MOAENNPOBaA-
Hua (onpegeneHve HeathHEKTUBHON 3aKauKu),
1 Aanee BblAaBanNCb peKOMeHAALUN N0 MUHK-
MW3aLMU PUCKOB OCNOXHEHMIA Npu GypeHuu.
Ha ocHoBe 3Tux pekomeHzauuit BbiGMpanuch
CKBAXUHbI /1A CHUXEHWA NNacTOBOro aBneHus
1 noabupanack HeobxoaMmas NIOTHOCTL Bypo-
BOro pactsopa.

Ha pucyHke 4 npusepeH cparmeHT KapTbl
NnacToBOro jaBneHuns BbllenexatieronnacraXx,

Hcr, Pnn, KNA
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Puc. 3. Cxodumocmsb pacyemHo20 0asneHus no Modenu ¢ 0aHHbIMU 2a1yweHus, Puz6, pesynsmamamu FNC
Fig. 3. Convergence of the calculated pressure according to the model with damming data, overpressure, well test results
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Fig. 4. Results of using a proxy model of the overlying

formation to predict drilling complication risks

Ha KOTOPOM OTOGpaXeHbl haKTUyecKne cnyyam
ocnoxHerunii npu 36C 3a TeKkywWwmnii U npeabiay-
Me roapl, a TaKKe BCE CKBaXWHbI, Npu bype-
HUKM KOTOPbLIX MCNONb30Banucb Byposble pac-
TBOPbI NOBbLILIEHHOW NAOTHOCTU. PeKomeHzaumu
Mo NOBbILIEHNIO NNOTHOCTK GYpOBOro pacteopa
BblAaBaNNCh HA OCHOBE AAAHHbIX KapTbl NNACTO-
BOro AasneHus. [lo utoram GypeHus 3a Teky-
WK TOf COOTBETCTBME PACYETHOro BbICOKOrO
nnactoBoro faenexus (bonee 33 Mlla, bypeHue
€ ncnonb3oBaHWem 6ypoBOro pactsopa MnoBbl-
LWEHHOM NAOTHOCTW) NO OTHOWEHUO K haKTuye-
CKOMY [laBNeHunto coctasuno 89 %.

[nuHamuka cny4yaeB OCNOMHEHWI Mpu 3a-
pe3ke 6OKOBbIX CTBONOB 3a 2020-2023 roabl
npusefeHa Ha puUcyHke 5.

M3 pucyHka 5 BMAHO, YTO MPU MCNONb30-
BaHUM NMPOKCU-MOZENN Bblllenexalmx BOAO-
HacCbllWeHHbIX N1ACTOB AN NPOrHO3MPOBAHUA
30H C BbICOKMM fAaBNeHUWEM B HUX WU pacyeTta
NAOTHOCTU 6ypoBOro pacTBopa J0NA Clyyaes
OCNIOXHEHWU Npu 3ape3ke GOKOBbIX CTBOJIOB
CcHU3Mnach ¢ 40 % [0 7 % 3a cyeT UCNob30Ba-
HWs GYpOBOro pacTBOpa MOBbIWEHHON MIOTHO-
cT1. 310 cBUAeTenbCTBYeT 06 3hdheKTUBHOCTH
pa3paboTaHHOro NoAXoAa K MUHUMMU3ALUN pu-
CKOB npu 6ypeHnu.

Utormn

e [locTpoeHa rMAPOAMHAMUYECKAA MNPOKCU-
MoJenb LeneBoro W Bbllenexawmux nna-
CTOB, KOTOpas Mo3BoAAeT NPOrHo3mMpoBsaTb
c/lyyau oCNOXHeHWIA npu bypeHun.

® Mojenb nokasana XOpoOLY0 CXOAUMOCTb
¢ (aKTMyecKMMM 3amepamu MNacToBOro
faBneHua: KayecTBeHHan aganrtauus Ha 3a-
mepbl TANC 1 n3bbiTouHOE AaBNEHME.

® [IpoKcu-mogennpoBaHune No3BonseT pellarb
MHOXECTBO 3a/iay, TaKMX KaK oLeHKa obbe-
MOB He3(heKTUBHON 3aKayku nyTem ajan-
TaluMu Mofenu ¢ onopow Ha pesynbtatsl MM

ENGLISH

HarHetatenbHbIX CkBaxuH, [ANC n onpepe-
NeHne NNacToBOro AaBeHUs.

BbiBOAbI

e [locTpoeHne ruapoAnHamMmn4YecKon NpoKcu-
MOZeNu Bblluenexallynx nnactoB npeacras-
naet co60m 3hdeKTUBHBIA MHCTPYMEHT ANs
NMPOrHO3MPOBAHUA CNy4yaeB OCHOXHEHUN
npu 6ypeHuu.

® [lopobHble peleHns NO3BONAIT HE TONbKO
onpefenaTb OCNOXHEHUA, HO U NPOBOAMUTD
MeponpuATUA, HanpaBleHHble Ha CHUXe-
HUe PUCKOB npu GypeHuu, nyTem KOppek-
TUPOBKW MIOTHOCTM pacTBopa OypeHus,
nepgopaunn MaTepUHCKUX CTBONOB ANA
CHUXKEHUA U36bIToYHOro faBnexus npu 36C.

e [uapoAMHamuyecKas NPOKCU-MOAENb MO-
KeT ObiTb ajanTMpoBaHa ANA peLleHns
pasnnyHbIX 3ajay, BKIYAA BblABNeHME
OCNOXHeHWiA npu GypeHun, onpegeneHue
06beMOB BEPTUKaNbHbIX NEPETOKOB U NPO-
BeAleHne MeponpuUATUI ANA CHUKEHWUA nna-
CTOBOrO /jJaBfieHNsA B BblLUeNexalem nnacre.
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Results

Conclusions

A hydrodynamic proxy model of the target and overlying formations
has been constructed, which makes it possible to predict cases
of complications during drilling.

The model showed good convergence with the actual measurements
of reservoir pressure: high-quality adaptation to measurements
of GDIS and overpressure.

Proxy modeling allowsyouto solve many problems, such as estimating
the volume of inefficient injection by adapting the model based
on the results of injection wells, GDIS and determination of reservoir
pressure.

The construction of a hydrodynamic proxy model of overlying
formations is an effective tool for predicting cases of complications
during drilling.

Such solutions make it possible not only to identify complications,
but also to carry out measures aimed at reducing risks during drilling
by adjusting the density of the drilling solution, perforation of the
parent trunks to reduce overpressure in case of VBS.

The hydrodynamic proxy model can be adapted to solve various
tasks, including identifying drilling complications, determining the
volume of vertical flows and taking measures to reduce reservoir
pressure in the overlying formation.
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