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BeepeHue. OnvicaH Noaxo BOBNEUEHNA KOHTAKTHBLIX 3aMacoB B YC/I0BMAX OTCYTCTBMA CEMCMUYECKOr0 NPOrHo3a
B HM3KOMPOHMLIGEMbIX KoNneKTopax YcTb-KyTCKMX ropu3oHToB. [locTpoeHa reonornyeckan 3D-moaens

M71aCTOB Ha OCHOBE COOCTBEHHbIX AaHHbBIX, CObpaHa MHGOPMaLIMA MO OCHOBHLIM MPEAMOCkIKaM No pa3paboTre
KaK Ha OCHOBE COBCTBEHHbBIX AaHHbIX, TaK W C MPVBAEYEHNEM aHaN0roB, NPOaHaNM3MPOBaHL! M BEIGPaHb
ONTUMaNbHbIE PEHMMBI 1 CUCTEMBI PA3PaboTKU. Ha 0CHOBE MOCTPOEHHLIX 00T MYeCKIX MoAenel NpoM3BeAeHs!
PaCcYeTHl B MMAPOAVMHAMUNYECKOM CUMYNATOPE M MPOBeAeH BEPOATHOCTHbIM PacHeT OLEeHKM npodunelt 4obs4m

B pa3HbIX CLIEHapWAX 3arpy3Kn MHGPACTPYKTYPHbIX MOLLIHOCTEN, Ha OCHOBE KOTOPbIX OLIEHMBAACk S3KOHOMMKA
BCEro NoTeHLMana MeCcTopoKAeHMA C BOBNEYEHVEM B Pa3pabOoTKY KOHTAKTHbIX 3aMacos.

Llenb. OueHnTb NoTeHUman oT BOBNEYEHWA He TONBbKO HeQTAHBIX 3aerel, HO 1 KOHTaKTHEIX PECYPCOB M 3aMacos
C y4eTOM MOHeTM3aLMmM rasa.

Matepuansl U MeToAbl. KOMMNeKCHbIV MOAX0A, COYeTaloLLMIA MOCTPOEHVE Fe0N0rMHECKMX U MMOPOAMHAMUYECKIX
Moaenen c Uuenblo NoNy4eHnA BePOATHOCTHLIX Npodunert A06b4M.

Pe3ynbTaTthl. OLeHeHbl BCe BO3MOXKHbIE MPOGUIn A06bIMM NOoA, pa3Hble MHPPACTPYKTYPHLIE PeLLeHNA

1 onpefeneHbl peHTabenbHble CLieHapy v pa3paboTKY MECTOPOMKAEHNA.

3akntoyeHue. [aHHbIM noaxon No3BoAnM OLEHWTL NOTEHLMAN BCErO MECTOPOHAEHWA C YHETOM BOBMEYEHA

BCeX 3anacoB 1 peCypcoB, a TaKkwe npoBecTn CpaBHMTeﬂbeHX aHaln3 BCex BO3MOMHbLIX CLieHapreB p83p86OTHl/I
MECTOPOHKAEHNI C MOMOLLIBI0 3KOHOMUYECKMX MOKa3aTenem.

KnioueBble cnoBa: 3D reosoryteckoe MoaemMpoBaHie, rapoavHaM1Ieckoe ModempoBaHiie, pecypcHan 6asa,
HaKonneHHaA 06bMa HedTH, MNOTHOCTL CETHU CKBAMMHLI, MOPUCTOCTb, MpoHMUaeMocTs, EMV, NPV, HedTeHackILLIEHHbIe
TOALLMHBI, Fa30HACHILLEHHBIE TOALLMHBL, KaPBOHATHBIE MNACTLl, OTHOCUTEbHBLIE Ha30Bble MPOHMLIAEMOCTH, UCTOLLIEHVE,
noafeprHaHie NacToBoro AasneHns, MapopaspLIB nnacta
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WAY FOR INVOLVE RESOURCE OF GAS AND OIL TO DEVELOP ON EXAMPLE OF UST-KUT HORIZONS
EAST SIBERIA

Roman V. Gryumov®, Mger G. Ayrapetyan, Dmitry R. Sadrinov, Ekaterina V. Bakinova,
Alexey A. Gopko, Violetta V. Pukhova, Dmitry A. Slutskiy, Vladislav Yu. Bakhurskiy
Gazprom neft company group, RF, Saint-Petersburg

E-mail: ProNeft@gazprom-neft.ru

Introduction. An approach to developing contact reserves in the absence of seismic forecasts in low-
permeability reservoirs of the Ust-Kut horizons is described. A 3D geological model of the reservoirs was
constructed using proprietary data, information on key development assumptions was collected using both
proprietary data and analogs, and optimal development modes and systems were analyzed and selected. The
resulting geological models were used to perform calculations in a hydrodynamic simulator, and a probabilistic
calculation was performed to estimate production profiles under different infrastructure capacity utilization
scenarios. These calculations were used to evaluate the economics of the entire field potential with the
development of contact reserves.

Aim. To assess the potential from the involvement of not only oil deposits, but also contact resources and
reserves, taking into account the monetization of gas.

Materials and methods. An integrated approach combining the construction of geological and hydrodynamic
models in order to obtain probabilistic production profiles.

Results. All possible production profiles for different infrastructure solutions have been evaluated and cost-
effective scenarios for field development have been identified.

70 EQHEDTD Tov 1.\ 12026

POGECCHOHANBHO O HEDTH



Conclusion. This approach made it possible to assess the potential of the entire field, taking into account the
involvement of all reserves and resources, as well as to conduct a comparative analysis of all possible field

development scenarios using economic indicators.

Keywords: 3D geological modeling, hydrodynamic modeling, resource base, accumulated oil production, borehole
mesh density, porosity, permeability, EMV, NPV, oil-saturated thicknesses, gas-saturated thicknesses, carbonate
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formations, relative phase permeability, depletion, reservoir pressure maintenance, hydraulic fracturing
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BBEAEHUE

Pa3paboTka TpyaHOM3BNEKaEMbIX 1 OCTaTOM-
HbIX 3aMacoB CTAHOBMTCA OJAHUM U3 K/I0HEBBIX
HanpaBneHurn B HedTerasoBoi oTpacav Poccun.
OcobeHHo 3T0 akTyanbHo A7 PeroHoB Co
CMOKHBIMM MO Fe0N0rM4eCKOMY CTPOEHMIO
3aneramMmn — Takkx Kak BoctouHas Cnbmpb.
HoHTaKTHble 3anackl, HepeAKo UrHOPUPYyeMble

B paHHMe 3Tarbl 0CBOEHWA, CTAHOBATCA BarK-
HeNLWMM pe3epBOM /1A YCTONHMBOIO Pa3BUTUA
HedTerazono6b4M.

OCHOBHbIE MPU3HAKM YNyHLLEHHBIX GUbTPaLIA-
OHHO-eMKOCTHBIX cBoMCTB (DEC) TaKmx Kapbo-
HaTHbIX N1aCTOB, Kak B3-4 1 B5 B BocToyHom
Cnbupw, CBOAATCA K MOKWCKY BBICTYMNOB GyHAa-
MEHTa, aHOMaf1bHbIX 30H Pa3yMnI0THeHWA, CBA-
3aHHbIX C Pa3V4HBIMI NPOLECCaMK, TaKMMM

J AHomanua

KaK NoABbEM HU3KOMUHEPANN30BaHHbIX 3/M-
3MOHHbIX BOA/MMAPOTEPMaNbHBIX BOA, HOraThiX
noHamm Mg, Mn 1 Fe, no pa3ynnoTHeHHbIM

C LUENBIO BOB/IEMEHINA B PEHTABEJIBHYIO PASPABOTKY
KOHTAKTHBIX 3ATMACOB TPU3 YCTb-KYTCKOIO
FOPU30HTA MPEOJIONEH MOAX0, OCHOBAHHBII
HA AOANTAUNN LNOPOBBIX TAM, PACHETE NPOOUIIEN
[N0BbIYY PEHTABE/IBHBIX CKBAMVIH, OMNTVMN3ALLIIA
P BO3MOHOCTbBIO MEPEBOOA HEDTAHBIX
CKBAMVH B TTA30BbIE.

30HaM [1] (puc. 1). [laHHble NpU3HaKK BblaeNA-
I0TCA MO aHOMaMAM aKyCTUYECKOro MMNeaaH-
ca (AW), kyby amMnAnTynA, CONPAKEHHbLIX C 30HOM
pasynaoTHeHWA / pasnoMamu,

, -WellH
e

Puc. 1. BblaeneHune aHoMasnbHbIX 30H Ha CreKTpasnbHoM feKoMno3uumu,. CoctaBneHo aBTopamu
Fig. 1. Identification of anomalous zones on spectral decomposition. Prepared by the authors
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KapTMpPOBaHWe aTparkaioLLero ropusoxta (O)
F (puc. 2).

B ycnoBWAX 0TCYTCTBMA MPOrHO3a 30H, OMki-
CaHHbIx BoiLLe (Tpad 06paboTHM, HaLleneH-

HbIV Ha TeppUreHHble M1AacTbl, yCTapeBLUMIA
noaxon K 06paboTKe 1K COBCEM OTCYTCTBME
3D-cercMmKkm TonbKo 2D-npoduns), 6onsLIoro
nepuMeTPa KOHTaKTHbIX 3aMacoB HEBO3MOMHO
onpeaenTs AKOPHBIN NeprMeTp ANA peanm3a-
LMW TONbKO HMOKMX YrNeBOAOPOAOB MM TONb-
KO MPMPOJHOMO ra3a, HeobXoAVMbl YCOBMA
/1A peanm3alLimm KaK ra3oBblx 3aMacoB MecTo-
POMKAEHNA, TaK 1 HedTAHBIX.

B naHHoin paboTe noKasaH 0uH 113 BO3MOK-

HbIX MOAX010B [1/1A BOBMEYEHWA B PEHTa-
6enbHyto pa3paboTry TPYaAHOV3BNEKAEMBIX
3anacos (TPV3) 13 HM3KoMPOAYKTUBHBLIX 30H
YcTb-KyTCKOro ropr3oHTa Ha npuMepe oaHo-
0 U3 MecToporAeHU BoctouHo Crbrpn

C NPYIMEHEHWEM COBPEMEHHBIX TEXHO/OM M
1A NoBblLLeHNA 3GGeKTUBHOCTM U3BeYeHUA

yrnesofopoaoB (YB), a Take noxkasaHbl
HanpaBneHWA Pa3BNTUA TEXHOMOM I, KOTOpbIe
MO3BOMAT YBENMYMUTL KOHEYHYIO HehTeoTaauy
YCTb-KyTCKOro ropr3oHTa.

TaK KaKk BapmaT1BHbI pacyeT npodunen
noapa3ymeBaeT 60/bLLoe KONMHECTBO BXOA-
HOW MHbOPMALLM MOMUMO BapVaHTOB reo1orim
(MUTONOMWA, PACHIEHEHHOCTb, KO3DOULIMEHTHI
MPOHMLIAEMOCTM, MOPUCTOCTM 1 BOAOHACHILLIEH-
HocTw (Knp, Kn, KB) B BapuaHTax Pig-Psg-Pgp),
HEobX0AMMO 3a/10HMTb BAPUATMBHOCTE M0 Pa3-
paboTKe, TakMx Kak Moaens dnioraa (PVT),
OTHOCUTENbHBIE Ha30BbLIE MPOHMLIGEMOCTH
(OOI), TarHe C y4eToM HeornpeaeneHHoCTH
P10'P5U'P90 (leC. 3)

Ocoboe BHMMaHWe bbino yaeneHo Bulibopy
cncTeMbl pa3paboTku. [11A Belbopa onTuMy-
Ma bbin1o Npor3BeaeHo bonee 140 pacyeToB

B ruapoanHammyeckor mogenu (MIM) c Ba-
pPbMPOBaHMeM persmMa paspaboTku (MM,
MCTOLLLEHWE), a3MMYyTa NPOBOAKM CKBarKMHBbI

Puc. 2. BbicTynbl dyHAAMeHTa Ha BONHOBOW KapTuHe. CocTaBneHo aBTopamu
Fig. 2. The protrusions of the foundation in the wave pattern. Prepared by the authors
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Puc. 3. YyeT HeonpeneneHnHocTu no ODI B cucTeMax «HedpTb—BoAa» U «HedTb-ra3». CocTaBneHo aBTopamm
Fig. 3. The creation of uncertainty on PRP in the "oil-water" and "oil-gas" systems. Prepared by the authors



OTHOCUTENBHO PErmoHanbHOro CTpecca nepneHANKYNAPHO CTPeccy, KOMMYeCTBo CTa-

(NepneHAMKYNAPHO, NapannensHo, 45° oT- anin FPM 12 (puc. 4).
HOCWUTENBHO CTPecca) 1 KONIMYecTBa CTa- [Nocne Bcex BuINOMHEHHBIX pacyeToB Okl no-
o PN ot 7 no 14 ctagui, nOMKXMO 3T0- CTPOEH aHanm13 YyBCTBUTENBHOCTM, Ha OCHOBE
ro, TaKHe BapbMpOBanack reonormyeckan KOTOPOro Oblna pa3paboTaHa NporpamMma reo-
NOANOMKaA U3 reonoruyeckor Mogenu (M) NOro-pa3Beo4HbIX paboT A1A CHATMA OCHOB-
(P10-P50-Pop). aHHble pacyeTsl nossonvnm HbIX HeorpeaeneHHocTer (puc. 5).
NONYYUTb YCTONYMBOE pelLlleHKe Mo Belbopy Ha cnenyioliem 3Tane BEINOMHANACH OLIEHKa pe-
crcTeMbl pa3paboTKM, OCHOBLIBAACH Ha Mo- nNeBaHTHOCTM aBTopcKom ['M 1 I'[IM Ha ocHoBe
KasaTese YICTOM NprBEOEHHOM CTOUMMOCTM MCTOPUYECKIMX AaHHbBIX MO 0TPaboTKe 1Melo-
(NPV). 13 pe3ynbTaToB MOMKHO CAeNaThb Bbl- LLIVXCA CKBaXKMH 1 AaHHBIX UCMbITaHWi (@aanTa-
B0/, YTO ONTUMasIbHBEIM PEKMMOM pa3paboTkK  umA Moaenn). [o pesynstatam aganTaumm 06110
ABNAETCA VCTOLLEHME, a3VMYT CKBarKMHBbI BblAE/1EHO HECKOMBKO CKBAMMH C BBICOKMMM
leonorua P10 leonorua P50 leonorusa P90

e B P50 ucrowenue

+ ? - 6onee oNTUManbHbIN
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Puc. 4. PacyeTbl oA Boibopa onTUManbHOM cucTeMbl pa3paboTku. CocTaBneHo aBTopamm
Fig. 4. Calculations for choosing the optimal development system. Prepared by the authors

BAPbPOBAHWE NMAPAMETPOB HEOMNPE[E/IEHHOCTU AHAJIN3 YYBCTBUTEJIbHOCTM NMAPAMETPOB
110 PA3PABOTKE HEOMNPEEJIEHHOCTH
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KpuTnueckan razoHacbILleHHocTb B rase (SOGCR) OEC
Kputnyeckas rasoHacsiweHHocTs B Boe (SOWCR)
KpuTnueckas BogoHacbiwieHHocTs (SWCR)

Puc. 5. Bce napaMeTpbl HeonpeLeneHHOCTU B r’MAPOAYHAMUYECKON MOAE/IM U aHamNM3 YyBCTBUTeIbHOCTU. CocTaBneHo aBTopaMu
Fig. 5. All uncertainty parameters in the hydrodynamic model and sensitivity analysis. Prepared by the authors
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Puc. 6. Pe3ynbTaThl afantaumm ckBauH. CocTaBneHo aBTopamut
Fig. 6. The results of well adaptation. Prepared by the authors

OTKNOHEHUAMM. BEINONHWB aHanm3 311X AaH-
HbIX, C TOYKM 3pEHWNA Fe0N0r M ObI0 BbIABUHYTO
HECKOMBbKO MPeanonoKeH1in 0 NPUHMHaXx Bbl-
COKOr0 OTK/TOHEHWA: HANMYME Pa3/IoMa, MPOXO-
OALLETO PAAOM C 3TVIMM CKBaKMHaMU, a TakHKe
nokansbHoe yxyauenve OEC nnacTa, BbI3BaH-
HOe BTOPUYHBIMI MpoLieccamu, NoOBAMABLLUMMM
Ha KoNeKTop). Ha ocHoBe BEINOMHEHHOW aaan-
Tauum HbI1 caeNaH BeIBo O TOM, YTO B LE/IOM

Bopa He¢tb
— TepHapHas JuarpamMma HacbILLeHHOCTH

YK-1

YK-2

Puc. 7. MNMpoBoaKa ckBamHbl 1 TpelmHbl [P B TOM. CoctaBneHo aBTopamm
Fig. 7. Well path through two horizons red lines on picture size of hydraulic fracture.
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Prepared by authors

reonoro-ruapoamHaMmuYecKan Moae b Onmchl-
BaeT CBOMCTBA pe3epsyapa (puc. 6).

Ha ocHoBe Bblbopa oNTMansHoM CUCTEMBI
pa3paboTKM bbIN paccTaBneH GoHd CKBarKMH
COrNacHo MPUHATOM MAIOTHOCTW CETKM CKBarKMH
(MNCC), napameTpsbl, 3aaaHHble B [ AM:

TN moaenv — Black Ol

BCe pa3nombl B ['[IM HenpoHuMLaeMs;
npoBe/eHo cornocTapnexye 3anaco M/
M — pacxoraerne meHee 1,2% nnacto-
Boro o6bema HedTv 1 rasa (STOIIP, GIIP);
HaCbILLEHWE NMPUHATO 13 FEONOMMYECKOM MO-
nenv (SWATINIT);

KOHTPO/Ib N0 paboTe CKBarKWH: Mo 3aboMHOMY
naneHuio — 40 aT™ 1 orpaHnyeHme no smna-
KocTv — 500 M3/cyT;

MPOBO/KA CKBaXKMHbI 334aHa B MOAENM,
BCKpbIBaloLLIaA cpa3y [Ba N71acTa, 3a CHeT Ha-
KMoHHOro NpodunA 1 TpeLlH Pl (puc. 7).

Mocne pacyeta Tpex mogenen B [[AM (Pqg-
Psg-P1g) 6blna npocymTaHa peHTabensHoCTb
KarK 10/ CKBarKMHbI 4N1A BapuaHToB Pqg-
Psg-Pog, mocne 4ero buinv nocTpoeHs! rpaduiki

HaKOoMNeHHOM J06bI4M Fa3a OT HaKOMNeHHOWM
006b4 HedTK, MO KOTOPLIM MOYKHO BUAETD,
KaKMe CKBarKMHbI OKynatoT cebA B OCHOBHOM
3a cyeT A00bI4M a3a, a Kakme — 3a cYeT Hed-
. OLeHKa NPon3BOAMNAC B Pa3HbIX Hano-
FOBbIX PEHKMMAX, TaK KaK Heobxo MO ObINo
OLEHNTb, A06bI4a KaKKx YB npuHoCcKT MaKkcu-
MasbHYI0 NpUbLIbL (puUc. 8).

B pe3ynsrate npeAplayLero stana cKkea-
FMHBI, HE MpoLefLVie OTCeYKY OKyMNaemo-
CTM, BbINM yAaNeHbl U3 rapoanMHaMUYeCcKoN
Mo[enu 1 3aTeM 3aHOBO NPOoM3BeeH pacyeT



C OCTaBLIMMCA GOHAOM B LIENAX YCTPaHeHNs TaK KaKk MOMKUMO MHGPaCTPYKTYPHLIX orpa-

BANAHUA MHTEpdEepeHLMin OT A00bI4N 0TCenAB- HUYeHUIM HeobxoAMMO BbIN0 y4ecTb Bapu-
LUMXCA CKBarKMH. [ocne pacKyCTOBKM CKBa- aHTbl Fe00ruM 1 pas3paboTky B CLieHapMAX
HMH OBINM NPOM3BeAEeHbEl PacyeThl B pa3nny- (P19-Psg-Pog). V13 BCeX nony4eHHbIX pacye-

HbIX SKOHOMUYECKMX MOAENAX ANA pa3nunyHelx  ToB B 30% NpoeKT oKasanca peHTabensHbIM,
BAPUAHTOB MHOPACTPYKTYPHBIX OrpaHUYeHnin, Mo 3TUM BapumaHTaMm 6biin MocTpoeHsl Mpodu-
BCero 6bi710 NpousBeseHo bonee 50 pacyetoB, 1 A06BMK (pUc. 9).

ONTUMUCTUYHBIN BA30BbIV MECCUMUCTUYHbIN
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Puc. 8. OueHKa peHTabenbHOCTU CKBaXuH. CocTaBieHo aBTopamm
Fig. 8. Assessment of the profitability of wells. Prepared by the authors
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Puc. 9. 0auH u3 HabopoB BepOATHOCTHbIX Npodunen Aobblun AnaA cueHapues Pqg-Psq-Pgg. CoctaBneHo aBTopamu
Fig. 9. One of the sets of probabilistic mining profiles for scenarios. Prepared by the authors
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BbiBOAbI

« [locTpoeHa v aganTVipoBaHa Ha COHCTBEH-
Hble AaHHble LbpoBan reonoro-rnapoam-
HammYecKan Moaess;

« BBuay Manoro Konm4ecTBa CobCTBEHHbIX
[JaHHbIX MCMO/Mb30BaNMCh AaHHbIEe C MecTo-
POMOEHMIN-aHANOr OB PernoHa;

« [lpoBeaeHa oLeHKa OKyNaeMoCTV BypeHiiA CHBa-
HRVIH 1A onpeeneHna peHTabenbHoro GoHag;

« [locne nonyyeHna npoduner Ao0bIHM peH-
TabenbHbIX CKBaXKMH OBl PaCCMOTPEHbI

HECKOSbKO CLIEHapWEB NoA pa3Hble MHGpa-
CTPYKTYPHbIE OrpaHmM4eHna (paccumTaHo
6onee 50 pacyeToB B pa3HbIX KOMOMHATO-
pUKax);

o B enom, paspaboTka KOHTaKTHbIX 3ana-
COB YCTb-KYTCKMX FOPU30HTOB MOMET ObITh
peHTabensHoM Npy peanmn3aLimy HECKONbKIX
dGaKTopoB:
- OntumMmsauma MPrT;
— Hannume cobcTBeHHOM MHOPACTPYKTYPLI;
— Bo3MorkHOCTb NepeBoaa HeGTAHbLIX CKBa-
FKMH B ra30Bble.
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