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BeepeHue

3anagHo-TapKocanMHCKoe HepTerasaokoHaeHcaTHoe
mMecTopoxaeHve (HI'KM) pacnonoxxeHo B [ypoBCKoM
paroHe SHAO. MecTopoxxagHMe MHOron1acToBoe n

XapaKTepndyeTCa CJTIOXKHbIM reoJ1Iorm4eCKmM CTPOEHNEM.

LleneBown nHTepBan — TeppUreHHble OTIOXKEHWS NMiiacTa
KO1. KntoyeBbIMI HeOMpeaeneHHOCTIMU NpoeKTa
ABNAOTCS YPOBEHb BOAOHETAHOrO KoHTakTa (BHK) 1
dhasosoe cocToaHve pnonaa. NoMmMo sTnx hakTopoB
Ha 3anagHo-TapkocanmHckom HITKM oTmevaeTcs
aHOMasIbHO BbICOKOE nniacToBoe gasneHve (ABI) B
NPOOYKTUBHOM FOPU30HTE U CITIOXKHOE CTPYKTYPHO-
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Introduction

The Zapadno-Tarkosalinskoye oil and gas condensate field
is located in the Purovsky region of the Yamalo-Nenets
Autonomous Okrug. The field has multilayers and complex
geology. The target interval is the terrigenous deposits

of the J1 formation. The key uncertainties of the project
include the oil-water contact (OWC) level and the phase

of the fluids. In addition to these factors the Zapadno-
Tarkosalinskoye oil-gas condensate field is characterized
with an abnormally high reservoir pressure production
interval, and it has a complex structural and tectonic
framework with a large number of faults.
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EXPLORATION M

TEKTOHNYECKOE CTPOEHME C 6OJIbLLIMM KONTMYECTBOM
PaspPbIBHbIX HAPYLLIEHNI.

OcBOEHVE HEPTAHOW YaCTV MECTOPOXAEHNS, B

yacTHocTw nnacta K01, Havanock B 2018 roay.

B pamkax BbINOHEHUS NPOrpaMMbl OMbITHO-

NPOMbILLNEHHON padpaboTku B nepuoq 2018-2020

rOA0B:

® BbINO/IHEHO MNEPENCTIbITAHNE PA3BEOOYHOW CKBaXKMHbI
2R ¢ npoBeneHvem MNr;

e NpPoBypeHbl NATb ABYCTBOJIbHbLIX CKBaXKUH (TPU C
MUNOTHBIM CTBOJIOM), AABE TPEXCTBOJIbHbIE CKBaXKMHbI
(oOoHa ¢ NMUNOTHBIM CTBOJIOM) U TPW OAHOCTBOJIbHbIE
FOPU30HTasbHbIE CKBaXKMHbI;

® NpoBefeHbl MMOPOAMHAMNYECKNE NCCNEOOBAHNS
(FANC) B YeTbipex aKcrnayaTaLMOHHBIX CKBaXKUHAX;

® BbIMOJIHEHbI NCCIE00BaHNSA METOAOM
rmgpoanHamMmyeckoro kapoTaxa (F[AK) B oByx
NUNOTHbIX CTBONAxX CKBaxKnH 9PL n 7PL;

® BbIMOJ/IHEHbI NCCIE00BaHNA METOAOM ONPO60OBaHMS
niacToB npubopamm Ha kabene (OlNK) B MIoTHOM
CTBOJIE CKBaXKWHbI 7PL;

e OoTOOpPaHbI NPOBLI NNacTOBbIX hroMaoB. Ha ocHoBe
HOBOW reonoro-reounanyeckon nHdopmaumm
OBHOBJIEHA KOHLIENTYasIbHas reoiornyeckas
1 ruapoaNHaMMYecKas Moaenn ¢ NoceayoLLEen
afanTtaumen Ha pesysibTaTbl OCBOEHNUS HOBbIX
SKCNyaTaUMOHHBIX CKBaXKUH.

Feonornyeckoe cTpoeHmne

K 0COBEHHOCTAM re0fIOrMYeCKOro CTPOEHUS

OTHOCUTCH OC/TOMHEHHOCTb paroHa pasnoMHON
TEKTOHWKOWN. Bcsa Tepputopus Hagbim-Typckon m
Myp-TasoBckol cruHeknna 3anagHo-CubupcKom

NAWTbI NOABEPXKEHA MHTEHCUBHBIM TEKTOHNYECKMM
nedopmMaumamM CaBMroson Nprpodpl. FOpU3oHTasbHbIe
cOpurn byHaamMeHTa BblpaXxeHbl B 0Ca404HOM

yexse KynmcoobpasHo NOCTPOEHHbIMU CUCTEMaMM
CcOpPOCOB U B3GPOCOB, MPUKCUPYIOLLMX LLIOBHbIE 30HbI
FOPW30HTa/IbHbIX COBUIOB DyHAaMeHTa. Pa3pbiBHbIE
HapyLLEeHWst 0OCTUrarT PasfiMyHbIX CTpaTUrpatnyecKX
VPOBHEW, BbICOTa MPOHNKHOBEHWS XapakKTepuayeT
NHTEHCUBHOCTb TEKTOHNYECKMX AedopMalnii B
dyHOoameHTe. AMNAUTYOa 1 NONASPHOCTb Pa3/10MOB
MeHsieTCcs No rnybrHe. Ha coBpemMeHHOM aTane, nocne
CHSITUS FTOPU3OHTasIbHbIX HAMPSXKEHUI, Ky IMCO0bpa3Hble
pa3IoMbl, BEPOSITHO, (hOpMUPYOT Bapbepbl
npoHuLaemocTu [1].

B npenenax 3anagHo-TapkocaMHCKOro
NNUEH3MOHHOIO yyacTka (JTY) kapTupyeTcsa MHOXECTBO
aMNAUTYOHbIX ONEPSLLIMX Pa3noMoB (CopocoBas
CUCTEMA), OrPaHNYMBAIOLLIMX KYJIMCOODPAa3HbIE CKIaaKM.
Ha ocHOBe KOMMIEKCHOrO aHaM3a NoI0XKEHNS
Pa3/I0MOB 1 OTPaXKaKOLLX FOPU3OHTOB Ha pa3pese
YCTaHOBJIEHO JIEBOCTOPOHHEE HanpaBieHne CABNMOBbIX
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The development of the oil deposits, including the

J1 formation, began in 2018. As part of the pilot

development program in 2018-2020:

e exploratory well 2R was re-tested with a downhole
logging;

e five dual-lateral wells (three with a pilot wellbore),
two tri-lateral wells (one with a pilot wellbore) and three
horizontal monobore wells were drilled;

e well tests were carried out in four production wells;

e production logging was performed in two pilot wells
9PL and 7PL;

e reservoir testing was carried out on logging cable in
the pilot borehole of well 7PL;

e fluid samples were taken. Based on new geological
and geophysical information the conceptual reservoir
and hydrodynamic models were updated and matched
to the results of the production wells development.

Geology

The geologic structure features include the trouble
zones with fault tectonics. The entire West Siberian
Plate, territory of the Nadym-Pur and Pur-Taz
syneclises, is subjected to intensive tectonic shearing
deformations. Horizontal basement shears are
observed in the sedimentary mantle with an echelon
system of faults and uplifts that fix the suture zones
of the horizontal basement shears. The faults reach
different stratigraphic levels and the penetration height
characterizes the intensity of the basement tectonic
deformations. The amplitude and polarity of the
faults vary in depth. Currently, after the release of the
horizontal stresses the echelon faults probably form
permeability barriers [1].

Within the Zapadno-Tarkosalinskiy license area,
numerous amplitude faults (faulting system) are mapped
limiting the echelon folds. Based on a comprehensive
survey of position of the faults and reflectors in the
cross-section, a left-lateral shearing direction is defined.
Interpretation of the shear deformation trajectories is
shown in Fig. 1.

The seismic data in the J1 reflection layer does not
show the expected disjunctive fault lines that separate
the hydrodynamically isolated block in the north of the
deposit the which was confirmed by the drilling logs.

Before drilling the operating wells, identifying the
disjunctive dislocations that separate the deposit into
blocks was based on the geometry of the Riedel faults.
Block 4R was separated by a presumed impermeable
shear line (dashed red line, Fig. 1a) which crosses the
Riedel echelon fractures whose configuration is traced
from the seismic data. Several analogs such as the
Ety-Purovskoe and Yarainerskoe fields show the sealing
properties of such shears in the sedimentary cover.
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Puc. 1: a— kapta korepeHtHocT O FO1; 6 — kapTa nsoxopH OF HO1

Fig. 1: a - coherence map of reflectors J1; b - isochron map of reflectors J1

HapyLleHun. Ha puc. 1 npuBeneHa NHTepnpeTaums
TPaeKToOpUIn COBUIOBbLIX AedopMaLmn.

Ha cencMmnyeckmnx gaHHbIX B MHTEPBAsIe OTPaXKaroLLErO
ropuaoHTa K01 He mpociexxmnBarTCcs Npeanoaaraemble
JIMHNN OUSBIOHKTUBHBIX HAPYLLEHWA, KOTOPbIE OTOENAOT
rMOpPOANHAMUYECKM U30IMPOBAHHbIN O/I0K Ha ceBepe
3aNexu, HannumMe KOTopOoro NOATBEPXKAEHO AaHHbIMU
BypeHus.

[o bypeHunst akcnyaTaumoHHOro poHaa BelaeneHne
Pa3pPbIBHOrO HAPYLLUEHWS, pa3aensatoLlero 3asiexxb
Ha 6710KM, OCHOBBIBAJIOCh Ha FrEOMETPUM PA3SIOMOB
— ckonoB Punoens. Bnok cke. 4R otgenancs
npeanoaaraeMon HeNPOHNLIAEMOW IMHMEN CABUra
(MYHKTUPHAsA KpacHasa NnMHUS Ha pyc. 1a), cekyLen
OMNepsIoLLE KyNIMCOOOPasHble PasioMbl, KOHMUMypaLs
KOTOPbIX (PUKCUPYETCH MO CEMCMUYECKNM OaHHbIM.
Ha HeCKONbKMX MECTOPOXKAEHNAX-aHanorax, Takmx
kak ETbI-[ypoBckoe 1 ApanHepckoe, OTMeYarTCs
3KPaHVPYOLLME CBOMCTBA MOAOOHBIX CABUMOB B
0Ca04YHOM YexJe.
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While drilling new production wells, the presumed
impermeable barrier near well 9 was not confirmed.
There are no anomalies in the logging curves and no
mud losses in the horizontal wells. At the same time, the
pilot borehole of well 12 drilled in the north of the deposit
between wells 4R and 9 confirmed the absence of a
hydrodynamic connection between the blocks (Fig. 1b).

Key uncertainties of the reservoir J1 (oil water
contact OWC, phase of fluid) in the conditions of
abnormally high reservoir pressure and complex
geology were clarified by the results of drilling,
well operation and laboratory tests.

There are two equally plausible theories have been
considered to justify the different oil-water levels.
According to the first assumption, the different levels

of the fluid contacts can be explained by the presence
of several nonconnected sand bodies. The deposits

of the J1 reservoir (Vasyugan Formation) were formed
under gradual, irregular sea advancements. According
to the results of core tests and well logs, the sediments
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B npouecce Byperus HOBbIX 3KCMyaTaLOHHbBIX
CKB&XXWH Hanm4me NpeanoniaraeMoro HenpoH1MLaeMoro
Bapbepa B parioHe CKB. 9 He noaTeepannoCh. B
MPOXOAKaX FOPUSOHTATbHBIX CKB2XKMH HE OTMEYatOTCA
AHOMaUMM Ha KaPOTaXKHBIX KPMBBIX, & TaKKE OTCYTCTBYIOT
noraoLLeHns BypoBoro pacteopa. [Npy 3ToM NMAOTHBIN
CTBOM CKB. 12, NpOBYPEHHbIN HA CEBEPE 3aNEXM

MeXy CKBaxKHamu 4R 1 9, noaTeepama OTCyTCTBUE
rMaOpPOaMHAMUYECKOW CBA3M Mexxay brokamu (prc. 16).

KnoueBble HeonpeneneHHOCTM nacTa

01 (BHK, dba3oBoOe cocTosAHME cdononpa) B
YCJIOBUSX aBMO U CJIOXKHOIO reosiorm4yeckoro
CTPOEHUs1 yTOUHEHbI MO pe3ysibTatam
6ypeHus, haKTUHeCcKom paboTbl CKBaXKUH U
nabopaTtopHbIX NCCJieO0BaHNN.

[ns obocHOBaHMS padnnyHbIx ypoBHer BHK bblaun
PacCMOTPEHbI IBE PABHOBEPOSTHbIE Teopun. CornacHo
nepBOV Teopu pasHble YPOBHU (itonaabHbIX
KOHTaKTOB MOIyT OOBACHATLCA HATMHNEM HECKOTBKMX
HecoobLarLmMxcs necyanbix Ten. OTNoXXeHMS naacTa
KO1 (BactoraHckas cBuTa) (hOPMUPOBANINCH B YCIOBUSX
NOCTENEHHOW HEPABHOMEPHOW TPAHCIPECCUM MOPSI.
Mo pesynbTatam aHanmsa kepHa 1 I'IC oTnoxxeHus
nnacta KO1 cnemyet oTHeCTU K chaumn 6eperoBoro
Bapa, ChopMUPOBAHHOIO B Npeaenax MeKOBOOHOIrO
wenbda. [JaHHble OTIOXKEHVS XapaKTepU3yrTCs
yBEJIMYEHNEM 3EPHUCTOCTU BBEPX MO Pa3pesy U
NPENMYLLIECTBEHHO OAHOPOAHO-NECHaHbIM COCTaBOM.

[Mpu aHanM3e KapoTaXKHbIX AMarpaMm 1 NNTONOMAN
BUAHbI IMTOJIONMHECKNE TPaHNLbl, KOTOPbIE MOTYT
yKasblBaTb Ha HACTPanBaHMe HECKOJIbKIMX NecHaHbIX
Ten/6apoB, KOTOPbIE B KEPHE OMArHOCTUPYIOTCS PESKOM
CMEHOW MPaHyIOMETPUHECKOrO COCTaBa, YTO TakKe MOXKET
CBWOETEbCTBOBATbL O TOM, YTO Ha M/IOLLaaN, CKopee
BCero, OyaeT pa3BMBaThCst He OOHO NecHaHoe Teso.

OnpeneneHvie NONOXeHWS NaTtepasnbHbIX FPaHuL

NpY PEAKOV CETKE CKBaXKMH BOSMOXHO TOJIbKO C
npvBnedeHemM gaHHbix 3D-cecMmopasBenkn. Ha kapte
CEeNCMUYECKMX aTPUBYTOB OOHO3HAYHO BbIAEUTL Tena
3aTPyAHUTENBHO 13-3a BNUSIHUS OT/IOXKEHUIN BaXKEHOBCKOM
CBUTbI Ha OTpaxxaroLLMi ropu3oHT KO1. TocKosbKy B
NPOBYPEHHBIX CKBEXKMHAX B Pa3pese He MPOCIEXMBAETCH
MOLLIHas Bblaep>kaHHas MVHUCTas NepemMblyKa,
CnocobHas M30MPOBaTh HAACTPOEHHbIE 6APOBbIE TENa U
VNCKJTIOUUTB TMAPOOVHAMMYECKYHO CBS3b, AaHHaA TEOpUs
He MCMOJIb30BaNIaCh B AasTbHENLLEM MPK 060CHOBaHMM
hnovaanbHbIX KOHTAKTOB.

[Mpu aHanNM3e KapT CENCMUYECKMX aTpUOyTOB
HKENeXalLX rOPU30OHTOB B 30HE MHTEpEeca BbisiB/IEHbI
NPU3HaKK OyNJIEKCHbIX ONEPSOLIMX Pa3/IOMOB, KOTOPbIE
ABNAOTCS NMPOOO/MKEHNEM YCTAHOBNEHHOW COPOCOBOW
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of the J1 layer should be offshore bar facies formed
within a shallow shelf. These sediments mostly have
homogeneous sandy compositions, and their granularity
increases along the cross-section.

The analysis of the logs and lithologies shows lithologic
boundaries which may indicate the superposition of
several sand bodies/bars which are observed in the core
sample with an abrupt change in the grain distribution.
That may also indicate that more than one sand body
could have been formed in the area.

The position of lateral boundaries with a sparse well
spacing, can only be determined using 3D seismic. On
the seismic attributes map it is difficult to unambiguously
identify the bodies due to the influence of the Bazhenov
Formation deposits on the J1 reflector. Since the

drilled wells in the cross-section do not indicate a

thick persistent shale streak, that would be capable

of isolating the overlying bar bodies and excluding
hydrodynamic connection, this theory was dismissed for
further substantiation of the fluid contacts.

The investigation of the seismic attribute maps for

the underlying horizons revealed signs of fault duplex
structures which represent a continuation of the
discovered faulting system. According to the second
theory, the amplitude of these faults reduces in the J1
formation interval. There are no signs of faulting on the
attribute maps and in the cross-sections.

Figure 2a shows a Variance attribute map of the underlying
bed with highlighted ruptures in the northern part of the
deposit, and Figure 2b shows a SW-NE cross-section.

If the fault system continues into the J1 interval, a system
of small-amplitude ruptures, coaxial to the mapped
faults, in the underlying horizons, may be identified in the
northern part of the deposit.

Drilling in the abnormally high reservoir pressure
conditions

At the Zapadno-Tarkosalinskoye field the reservoir
pressure value in the cross-section gradually increases
with depth, except for the Achimov and Jurassic
deposits which are characterized by abnormally

high reservoir pressures which may be associated
with a major tectonic deformation - the Urengoy-
Koltogorsk graben-rift. The anomaly ratio is 1.50
which is a complicating factor to the development of
the J1 reservoir. In such conditions, the complications
of gas, oil, and water breakthrough may arise during
completions in abnormally high reservoir pressure
conditions without sufficient mud weight. There may
be an inability to run casing to target depth, as well as
inducing possible wellbore collapse [2].
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Mapping faults in the underlying horizon

Pasnombl, U3onvpytoLLe CEBEPHYIO YaCTb CKBaXKUHbI,

VHTepronnpoBaHHbie Ao o1

KapTupyemble pa3nombl Ha H/KeNeXallem ropnu3oHTe

CkBaxuHa
.
2R el

'pannua 3D-mopenn
3D model border

Faults isolating the northern part of the well, interpolated

to J1

JnHns paspesa SW-NE
Cross-section line SW-NE

Puc. 2: Kapta cerncmmdeckoro atpubyTa Variance no Hkenexaiemy O S n pagpes no avHim SW-NE
Fig. 2: Map of seismic attribute Variance along underlying reflector S and SW-NE cross-section

cucTeMbl. CorniacHO BTOPOV TEOPUN, aMinTyaa STux
pasioMOB 3aTyxaeT B MHTepBsasie nnacTa k01, n3-sa
Yero Ha KapTax aTpybyTOB 1 B paspesax OTCYTCTBYIOT
NPU3HAKN PasPbIBHbIX HAPYLLIEHW.

Ha puc. 2a npeacraesneHa kapta atpmbyTta Variance

Mo HpKenexxallemy ropusoHTy C BblAe1eHHbIMY
pas3pbIBHLIMY HAPYLLEHUSMI B CEBEPHOW YaCTu 3a51exu,
Ha pvic. 26 — pa3pes no nnHum SW-NE.

Ecnv npeaononoxuTb, YTO cucTeMa pasioMoB
npopos/kaeTcs B MHTepBan K01, To B ceBepHOM
4acTL 3aN1IEXXN BOSMOXHO BbIAENNTb CUCTEMY
MasTIoaMMINTYOHbIX Pa3PbIBHBIX HAPYLLIEHWN, COOCHbBIX

KapTUPYEMbIM Pa3/IOMaM Ha HUDKENEeXaLLMX FrOpU30HTax.

BbypeHue B ycnosusax aeng,
Ha 3anagHo-TapkoCaMHCKOM MECTOPOXXOEHUN B
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A linear geomechanical model was created to solve the
complications while drilling layers with abnormally high
pressures and to identify the optimal drilling parameters,
such as mud density, casing running depth and lost
circulation zones. Based on the calculations, to ensure
accident-free drilling in high-pressure conditions, the
production casing shoe was installed above the top of
the Achimov deposits, the angle of entry into the target
formation was about 70 degrees.

With such a high inclination angle there is an obvious
risk of mechanical sticking during production logging
and formation testing. That is why the planned formation
test could not be performed in well 9’s pilot wellbore. In
the second pilot borehole which had a lower inclination,
sampling was carried out and oil flow was achieved.
Two samples were taken but during the sampling

the assembly became stuck (presumably differential).
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Le/IOM MO pas3pesy BeMYMHa NIacTOBOrO OAB/IEHNS
MOCTEMNEHHO YBENMYMBAETCA C F1yOMHOW, 3a
NCKITIIOYEHNEM QUMMOBCKUX U FOPCKUX OTNIOXKEHUN,
xapakTepuayoLmxca ABIM, KOTopoe MOXET ObiTb
CBSA3aHO C KPYMHbIM TEKTOHNYECKMM HapyLIEHNEM

— YpeHromcko-Kontoropckim rpabeH-pudTom.
KoathdumMeHT aHOMaibHOCTY NNaCTOBOro AaBNEHNS
coctaBngeT 1,50, 4TO ABNAETCS OCNTOXKHSAOLLIM
hakTopoM Npu paspaboTke paccMaTpPrBaeMOro
obbekTa KO1. B nogobHbIX YCAOBUAX MOMYT BO3HUKHYTb
OCJIOXXHEHVS B BUAE ra30HeMTEBOAONPOSBNEHNSA

npw BCKPbITUM NaacTtoB ¢ ABIM/ Ha HeQOCTaTOUHOM
yaeNlbHOM Bece 6ypOBOro pacTBopa, HeAOCMYCK CEKLAI
obcafHbIX KOJTOHH A0 MPOEKTHbIX FyOUH, a Takxe
BO3MOXXHble OOPYLLIEHNSA CTBOS1A CKBaXKUHbI [2].

[nsa pelenns 3agad, CBA3aHHbIX CO BCKPbITUEM
nnactos ¢ ABI, n nopgbopa onTrMabHbIX NapamMeTpoB
OypeHust, Taknx Kak naoTHOCTb BypOBOro pacTeopa,
rnybrHa cnycka obcagHon KOMOHHbBI U MHTepBasbl
HeCcTabubHOCTK, Bblla MOCTPOEHa OOHOMEPHAS
reomexaHuyeckas Moaesb. Ha ocHoBe pacHeToB

C uenbto obecneveHus bezaBapuUnHOro BypeHns B
ycnosusx ABI 6alimak akenayaTauyoHHOM KOMOHHbI
yCTaHaBMBAICA HaL, KPOBMNEN a4MMOBCKUX OT/IOXKEHWN,
yron BXOAa B LIeNIeBOM NiacT COCTaBasN NpuMepHo 70
rpagycos.

[Py TaKOM BbICOKOM Y/ HaK/TOHa BO3HUKaET
OYEBUAHBIN PUCK MEXAHWNYECKOIO MpvxBaTa npu
npoBeneHnn nccnegosaHun [AK-OlMK, B cBssu ¢
4YeM B MUJIOTHOM CTBOJIE CKB. 9 HE YAa/I0Ch MPOBECTA
3annaHnpoBaHHoe nccnepoBanme OlNK. Bo BTopom
MUIOTHOM CTBOJIE CKB. 7 C MEHbLUMM HaKIOHOM ObISI0
NPOBEAEHO ONPOBOBAHNE U MNOJIyYEH MPUTOK HETU,
0TO6pPaHO 2 NPOO6LI, HO B X04e ONpob0oBaHVS TakXe
MPOM30LLIEN MPUXBAT KOMMOHOBKM (Mpeanosiaraemo
andepeHLUmanbHbIv), B CBA3W C YeM ObINIO peLleHo
3aBepLUVTb UCCNEAOBAHME NMOCNE MKBUOALNN
npuxeaTta.

Viccneposanua metopgom ONNK onsa cHATUS
HeonpenenéHHocTen BHK B 0CNOMXHEHHbIX
FE0TIOrMYECKUX YCIOBUSAX OKa3aIMCh HES(NMEKTUBHBIMU,
N OAHO3Ha4HO onpenennTb BHK no pesynstatam Bcex
nccnenoBaHni B HOBbIX CKBaXKMHAX HE yaanochk.

HeonpepeneHHOCTb NOJTIOXXEHUSA BHK
K/to4eBOM reonornyeckor HeonpeaeIeHHOCTBIO
paccMaTprBaeMoro 06bekTa ABASAETCS YPOBEHb
BOOOHE(TAHOMO KOHTaKTa.

Ha cTtapTte npoekTa B 2015 rogy 6b110 npobypeHo
5 pa3Beno4HbIX CKBaXKMH. Ha ocHOBE pe3ynbTaToB
nHtepnpetaummn INIC ypoeHb BHK npuHaT Ha
abcontoTHon otMeTKe (AO) —3105 M B OCHOBHOM
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Therefore, it was decided to complete the survey after
the well was cleared.

The FT studies to remove any OWC level uncertainties in
the complicated geological conditions proved ineffective,
and it was not possible to unambiguously determine the
OWC from all the surveys in the new wells.

Uncertainty of the oil-water boundary
The key geological uncertainty of the formation is the
level of the oil-water contact.

Five exploratory wells were drilled at the start of the
development in 2015. Based on the results of logs
interpretation the accepted OWC true vertical depth
(TVD) is -83105 m in the main block and -3116 m in

the northern block. Resistivity boundary values were
obtained from the results of relative phase permeability
studies to determine the type of fluids. Then, according
to Archi-Dakhnov equation, the critical values like Ws*

- water saturation at which gravitational water emerges
in the flow and Ws** - water saturation at which the flow
consists only of gravitational water were expressed. For
the reservoir J1 critical resistivity value is 8.2 Ohm-m
and the ambiguous saturation zone in the interval ranges
from 7.7 to 8.2 Ohm-m. The resistivity values are close
to the point that may lead to an error in determining

the fluid content. It is notable that water was produced
during the test in only one well, while the inflow also
produced dissolved gas and a film of oil. Due to the small
amount of samples, further study of the water saturation
boundary values and resistivity is necessary to determine
the saturation behavior. Without new core samples the
question of determining the «true» rock resistivity and
the corresponding reservoir saturation behavior may be
further studied by well logs and geochemical reservoir
models. A similar method is described in the work by A.l
Melnik. [3].

To date the main uncertainty is the OWC level around
the main deposit, as the fluid contact boundary of

the northern block near the exploratory well 4R was
confirmed by the pilot well logs 12PL, where the OWC
TVD is -3115m according to the log results. Fig. 3 shows
the scheme of the substantiated fluid contacts. The
results determining the OWC level in the drilled wells in
the main deposit:

1) Well 2R. According to the well logging results, the

J1 formation fluid is in perforated and non-perforated
sections in the TVD -3094 + -3109m interval and
possibly with less volume in the TVD -3109 + -3115.4m
interval. There is gas-cut oil with a small amount of water
in the inflow. According to the log data interpretation,

the OWC in well 2R is penetrated in the reservoir at TVD
-3105.8m.

2) Pilot wellbore of well 9. According to the results of
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6noke 1 Ha AO -3116 M B ceBepHOM O/10KE.
paHn4YHble 3HaveHns YOC ona onpeaeneHus Trna
dntonaa nosyyeHsl No pesynsTatamMm UccnenoBaHum
OTHOCUTENBbHBLIX (ha30BbIX NPOoHUL@eMocTen. [anee

Nno ypaBHeHuo Ap4yn-LaxHoBa BblpaXXeHbl Yepes
KpUTMYeCKMe 3Ha4veHnst KB* — BOJOHAChILLEHHOCTb,
Npw KOTOPOW B NMOTOKE NOABNSETCA NOABMXHAsS BoAa

1 KB** — BOQOHACILLEHHOCTb, MPU KOTOPOW MOTOK
COCTOUT TOJIbKO 13 MoaBuykHOM BoAdpl. s nnacta 01
KpuThdeckoe 3HadveHre YOC cocTaBngeT 8,2 Omem

N 30Ha HEOAHO3HAYHOrO HaChILLEHNS B npeaenax ot
7,7 0o 8,2 Omem. SHauyeHus YOO 6an3KN, YTO MOXKET
NPUBECTU K OLLMOKE B ONpedeneHnn xapakrepa
HacblweHws. Onsa nnacta KO1 kpuTuieckoe 3HadeHne
Y3C cocTtaBngeT 8,2 OMeM 11 30Ha HEOAHO3HAYHOrO
HacbILLEeHWs B npeaenax ot 7,7 o 8,2 Omem. Ctout
OTMETUTb, YTO BOAA MO UCMbITAHUIO MOJTyYeHa NLLb

B OHOW CKBaXXWMHE, MPW 9TOM B MPUTOKE TakKe
MoJSly4eH PacTBOPEHHbLIV B MNACTOBbIX YCNIOBUAX ras

1 nneHka HedTn. V13-3a manow BbIOOPKM cUMTaeMm,

4YTO HEODOXOAMMO OaslbHENLIEE N3YHeHNEe MPaHNYHbIX
3Ha4YeHNn BoAOHAacChILLEHHOCTM 1 YOC npu onpeaeneHum
XapakTtepa HacblleHus. [Mpu OTCYTCTBUM HOBOrO KepHa
BOMPOC ONpPeaeneHns «<ucTuHHoro» YOG nopoapl U
COOTBETCTBYIOLLIErO XapakTepa HacblLLeHVs nnacTa
BO3MOXXHO JON3Y4nUTb MO MaTepranam KapoTaka
CKBaXXVH 1 reoxmMmyeckor mogenu nnacta. logobHas
MeToaMka onmcaHa B paboTte M.A. MenbHuka [3].

OCHOBHYIO HEOMPEAESIEHHOCTb Ha TEKYLLMIA MOMEHT
npeacraeBnseT yposeHb BHK B paroHe 0CHOBHOW
3a51eXN, Tak Kak NooXKeHUe itonaanbHOro KOHTakTa
CeBepHOro 6/10Kka B panoHe pasBegoYHON CKBaXKMHbI
4R noaTBEpAMNOCk Mo pesynbtataMm byperHus
nmnotHoro cteona 12PL, roe BHK no pesynbtaram
'IC oTmeyvaeTca Ha ypoBHe —3115 M. Ha puc. 3
NpeAcTaBaeHa cxema 060CHOBaHMA OtonaanbHbIX
KOHTaKToB. Pe3ynbTaTthbl onpeaeneHns yposHs BHK

B (DAKTUNYECKN NPOBYPEHHBIX CKBaXKMHAX OCHOBHOW
3anexu:

1) CkBarkmHa 2R. o peadynbTatam NpoBeaeHUs
MPOMbIC/TOBO-Fe0U3NHECKNX NCCNEN0BaHUM

(Mr) nnact KO1 paboTaeT No NepdopPUPOBaHHON 1
HenepOoPNPOBAHHOW MOLLIHOCTU B UHTepBasie AO
-3094 + -3109) M 1, BOBMOXXHO, cnabo B nHTepaasne AO
-3109 + -3115,4 M, B NpUTOKE ra3npoBaHHasg HedTb C
HE3HaYUTENbHBIM KOIMYECTBOM BOAbI. [10 pesynbTaram
nHTepnpeTaumn MN/I1C BOAOHEDTAHON KOHTaKT B CKB. 2R
BCKpPbIT B kosinekTope Ha AO —3105,8 m.

2) MunoTHbIM cTBOA CKB. 9. [0 peaynbTaTam
nccneposaHun 'K nonoxenne BHK npegnonaraetcsa
Ha rnybuHe —3101 M. [pn 3TOM OTMEeYaeTcs, YTo

HKe rnyouHbl —3100,7 M HabtogaeTcs yBenYeHne
rpagveHTa gasneHus, a Hwke AO —3102,8 M 3Ha4eHNs
NprobpeTatoT HeEDNINYHBIN XapakTep. [JaHHble
pPesynbTaThbl MOMYT BbITb 0OOCHOBAHbLI CHYKEHNEM
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hydrodynamic logging, the OWC level is assumed at

the depth of -3101m. At the same time, it is noted that
below the depth of -3100.7m there is an increased
pressure differential, and below TVD -3102.8m the
values become non-physical. These results may be
substantiated by a decrease of permeability and porosity
in the lower part of the formation and supercharging

(the effect of overpressure in the bottomhole due to

the slow pressure equalization after mud penetrates

the formation). According to the results of logging
interpretation, the oil-water contact is at TVD -3105.1m.
3) According to the results of well logging in the TVD
interval -3100.4 + -3107.7m a fluid gradient density

of 0.729cm?® was obtained. The pressures below TVD
-3108m noticeably differ from the measurements in the
overlying intervals. Unrealistic values are obtained (2.27g/
cm?3) when trying to plot the gradient which can also be
explained by the difference in the interlayers formation
pressures or by the supercharge effect on the measured
pressures. After log interpretation the oil-water contact is
at TVD -3109m.

4) Pilot borehole of well 14. According to the logging data
interpretation, the OWC was penetrated in the reservoir
at TVD -3102m.

The surveys did not enable an unambiguously
determination of the OWC level but there were
preconditions for its reduction to the TVD level of 3108m
(based on the results of drilling 7PL well). The well log
interpretation data does not precisely define the OWC
level.

Features of the reservoir fluid

The J1 formation oil is classified as extra light (0.806g/
cmd), low-sulfur (0.17 %), and low-resin (2.27 %). As
of early 2019, downhole oil samples were taken from
wells 2R and 4R. The results showed a wide scatter

of initial gas-oil ratio: from 409.9 to 940.8 m3/t (stage
separation). That is why in order to clarify the PVT fluid
parameters, an investigation program was developed to
further study the PVT state of the reservoir system. For
the period of 2019-2020 samples were selected:

e by wireline formation tester - 2 samples;

e by downhole sampler - 11 samples;

e in separator - 3 sets of recombination samples.

The results of laboratory sample tests from wells 7 (depth
sample) and 9 (wellhead sample) confirmed that, most
likely, samples from well 2R were partially degassed (gas-
oil ratio 408.9-445 m3/m?). Tables 1 and 2 present the
results of fluid studies under standard separation.

The completed research program concluded that the
reservoir fluid is in near-critical condition and can be
interpreted as near-critical oil and gas. A near-critical fluid
has formation properties similar to those of both oil and
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1R

Puc. 3: Cxema obocHoBaHvst BHK nnacta HO1
Fig. 3: Scheme of OWC substantiation of reservoir J1

PUAbLTPAUMOHHO-EMKOCTHbIX cBOMCTB (PEC) B gas. As reservoir pressure decreases, the fluid separates
HIDKHEN YacTu nnacTa v NposiBaeHnemM ahdekra intensely into liquid and gas phases in a near 50/50 ratio.
cynepyapmKkmHra (3 dekT n3bbITOYHOrO AaBaeHVs B There will be rich gas several tens of meters higher and
npr3adborHOM 30He 13-3a MeOJIEHHOrO BblPaBHMBAHUS low-density oil a few meters lower in the reservaoir.
OaBNeHNst NOCsie MPOHNKHOBEHKS BypOBOIro pacTBopa

B nnacrT). o pesynbratam nHtepnpetauum MNAC The following facts confirm the oil system:
BOOHEMTAHOM KOHTaKT BCKPbLIT B KosekTope Ha AO e when the composition is loaded into the PVT simulator,
-3105,1 m.

3) MNoTHBLIM CTBOM CKB. 7. o

< Laboratory tests
pesynbTatam nccnenosaHunin [OK B i

Laboratory tests

Parameter of well 2R (2005-
nHTepsane AO —3100,4 = -3107,7 M 2007) of well 7 (2020)

Nosy4YeH rpagueHT, COOTBETCTBYIOLLNN

Discrepancy, %

niaoTHocTh dhntonaa 0,729 cmd, s .
Bubble-point , MP: 25,6 \

[asnerus ke AO —3108 M 3amMeTHO ubble-point pressure, Mra *
OTKJIOHSAIOTCS OT 3aMEPOB B BblILLEIEXKALLX Gas oil ratio, m¥/m? 408,9 846,5 +52
NHTepBasax, npw rNomnbITKe NOCTPOEHNS

Formation volume factor 2,360 3,542 +33
rpagueHTa noslyqatoTCs HepeanncTYHbIE
3HaveHuAd (227 r/ CMS)v HTO Takxe Fluid reservoir density, kg/m? 538 487 (calculated) -1
MOXXET OOBACHATLCS Pa3HNLEN B
NacToOBOM [aB/ieHU MO NPornacTkam Degassed ol density at surface, kg/m 800 812 A5
NnMbo BAMSIHNEM CynepYapiyKMHra Ha
3aMepeHHble gaBnerus. o pesyabTatam Reservoir viscosity, mPas 0.24 N/A )
nHTepnpeTaumn NC BogoHehTAHON
KOHTaKT BCKPbIT B KosnekTope Ha AO Source of data 2 downhole 2 MDT samples
-3109 m. samples

4) MunoTtHbI cTBON CKB. 14. O

Table 1: PVT properties. Standard separation
pesynetatam nHTepnpetauun NG
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BOLAOHEMTSAHOM KOHTaKT BCKPbIT B
konnektope Ha AO -3102 wm.

[MpoBeneHHbIE NCCNEA0BaHUS HE MO3BOININ
0HO3Ha4YHO onpenesmTb ypoBeHb BHK,

Mapametp

Jla6opaTtopHbie
nccnepoBaHus
ckB. 2R (2005-
2007 ronpl)

Jla6opartopHbie
nccnepoBaHus
ckB. 7 (2020 ron)

PacxoxxpeHuve, %

O[HaKO BbIABIEHbI MPEANOCHIIKN K ero Hasrnere HacklueHs HecpTm 25,6 30,7 17
rasom, Mn.

CHXEHNIO A0 ypoBHst AO — 3108 M (no asom, na

pesynsTatam Gyperus cks. 7PL). PUMAC Fagocopeparive, M*/m® 408,9 8465 +62

Ha MeCTopOXaeH He JaeT OAHO3Ha4YHOro O6beMHbIN KO3hoULMEHT 2,360 3,542 +33

onpeneneHns nosioXKeHnA CbJ'IPOl/IJJ,aJ'IbHOFO

MnoTtHocTb chntomaa B NNacToBbIX

KOHTaKTA. YCHIOBMSX, K/MS 538 487 (pacueT) -11
MnoTHocTb gerasvpoBaHHoOro dositonaa
Ocob6eHHOCTHM MJ1IacToBOro costonpga B CTAHAAPTHBIX YCHOBUSX, K/ 800 812 +1,5
HedTb nnacta KO1 knaccuduumpyeTcs Kak 5
A3KOCTb B MNJ1aCTOBbIX YCJ/10BUSAX,
0co60 serkas o naoTHocT (0,806 r/cmd), wavo 0,24 WA )

manocepHucTas (0,17 %), manocmonmcTas
(2,27 %). o cocToAHMIO Ha Ha4aIo

NcTouHnk OaHHbIX

2 rny6GUHHBIX

Npo6bI 2 npo6bl MDT

2019 roga rnyburHHble NPobbl HeTH

Obln 0TOBpPaHbI 13 CkBaXKMH 2R 1 4R.

PesynbTathl nokasanun 60/bLIon pas3dpoc

3HAYEHNN Ha4a/IbHOrO ra3ocoaepP XKaHs

HedbTW: oT 409,9 0o 940,8 M3/T (CTyneHyaTas

cenapauns). B cBasu ¢ aTuM s yTouHeHus PVT-

napameTpoB tomga obina paspaboTaHa Nporpamma

nccnenoBaTenbCKyx paboT no gonaydeHuo PVT

COCTOSIHUA N1aCTOBOW cucTeMbl, 3a nepuog 2019-2020

rogoB 0TOOpPaHo:

e HOBbIX NP06 MeToaoM OlNMK- 2 npobbi;

® IyOVHHbIMY NPOBOOTOOPHMKaMK — 11 Npob;

® Ha cenapartope — 3 KoMmnsekTa Npob Ha
PEKOMOBUHALINIO.

PesynbTathl nabopaTtopHbIX NCCeqoBaHnin Npob no
CKBavKMHam 7 (rybuHHas npoba) n 9 (ycTbeas npoba)
NOATBEPAVIN, YTO, BEPOSITHEE BCErO, MPOobbI MO CKB. 2R
Oblnn YacTnyHo aerasdunpoBatsbl (TC 408,9-445 m3/m3).

B Tabn. 1, 2 npenctaBneHbl pe3ynbTaTbl UCCIeq0BaHNN
dhNtonaoB NpY cTaHaAapPTHOW cenapauyn.

BbinonHeHHas nporpamma nccriegoBaTeslbCKuX padboT
NMo3BOJIAET cAesaTh 3aKJIo4YeHe O TOM, YTO M1acTOBbIN
hnova HAXoOUTCS B OKOJIOKPUTUYECKOM COCTOSHUN U
MOXXET ObITb MHTEPMNPETNPOBAH Kak OKOSIOKPUTUYECKNE
HeTb 1 ra3. OKONOKPUTUYECKMIA hitona — 3TO drona,
obnagatoLl B nnacTe cBONCTBaMM, OIUBKUMU N K

KomnoHeHT/N? cKBaXKUHbI

Tabnuua 1: PVT cBorcTBa. CtaHgapTHasa cenapauiyst

the fluid is defined as black oil. Conversion to a
gas state is difficult and is done only by significant
adjustments to the C+ fraction;

e with the first recombination of surface formation fluid
samples for measured gas-oil ratio an oil system was
obtained (at well 9);

e according to the criteria for identifying the type of
reservoir fluid (Table 3), the samples under study are
mostly defined as oil (57% of the criteria).

The following facts confirm the gas-condensate system:

e according to the results of well production, gas-oil ratio
is logged at 700-800m?%/m? under bottomhole
pressure, significantly higher than the accepted
saturation pressure;

e |aboratory experiments performed in 2020 by contact
condensation (with visual observation of the fluid
phase), one-time degassing and contact-differential
condensation confirmed the presence of a gas
condensate system with gas-condensate ratio (GCR)
960g/m?® (well 7);

e currently the following conclusions can be drawn
based on the laboratory results obtained in 2019-2020:

e reservoir fluid can be identified as near-critical oil and gas;

e it is necessary to update the PVT-model of fluids in

Component/well number

7 0,70 0,36 60,49 9,15 8,00 2,10 3,11 1,20 1,17 1,41 12,31

4R 0,67 0,24 60,99 9,60 8,02 2,14 3,30 1,30 1,27 1,79 10,68

2R 0,32 0,60 50,06 8,29 8,00 2,22 3,68 1,55 1,77 3,69 19,82

9 (HedbTb) — 9 (0il) 0,74 0,55 59,20 9,14 8,07 2,13 3,17 1,24 1,23 1,50 13,03

9 (rasokoHgeHcar) - 9 (NGL) 0,73 1,84 61,56 9,14 7,70 1,95 2,84 1,06 1,03 1,22 10,97

Tabnuua 2: KoMnoHeHTHbIM cocTas dotonaoB — Table 2: Fluids compositional analysis
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Indicat Accepted Reservoir | Transitional or dual- Gas condensate
ndicators value oil phase zone system

Formation gas

DR (rich, poor)
Composition of the standard | Generalized Hydrocarbon Composition
separation gas Indicator = (C1-C2)(C2+C3)-2 1.9 40 255-100 6,0-25,0 >200
Sum of C2+B homologues, % mol. 38,4 >20,0 10,0-30,0 5,0-15,0 <5,0
Composition of the Rich gas ratio (100-C2+B/C1) 45 > 30 10-40 5-15 >5
reservoir fluid
Ethane fraction 9,1 <50 40-60 60-80 >80
C7+ content, % mol. 12,3 >12,5 11-12,5 <12,5 -
Gas-oil ratio, m*/m? 846,5 <600 600-1200 1200-18000 > 18000
Properties of the
reservoir fluid Degassed oil l%e/rrlqsslty at surface, 812 > 830 780-830 <830 _

1 Presented summary criteria were collected and systematized on the basis of known criteria of reservoir fluid type identification (published in the available specialized
sources) by Fedorovsky S.A. — specialist of the Reservoir Systems Research Center and Kuporosov D.N. — Center of Competence for Gas Projects

Table 3: Formation fluid type identification criteria

HedDTU, N K ragy. [pu CHWKEHWW NM1aCTOBOrO OaBfEHUS
B niiacTe NpouCXoauT MHTEHCMBHOE pa3aesieHne Ha
YKUAKYIO U ra3oByto dhasbl B COOTHOLLEHNN B6IM3KOM K
50/50. Npn 3TOM Ha HECKOJIbKO OECATKOB METPOB BblLLE
B nnacTe 370 OyOeT XXUPHbIV ras, Ha HECKOJIbKO METPOB
HKe — nerkasi HedTb.

B nonb3y HehTAHOM CUCTEMBI FOBOPSAT CReaytoLLme

haKxTbI:

® Mpu 3arpyske KOMMOHeHTHOro cocTtasa B PVT-
CUMYIIATOP (PIIOU, XapaKTeEPU3YeTCH Kak YepHas
HedTb. [epeBon B ra30B0E COCTOSIHNE
3aTpyaHUTENEH U OCYLLIECTBASETCH TOJIbKO
3HauUTENBHBIMU KOpPeKTMpoBKa C+ dpakumn;

® Mpy NEPBOVI PEKOMBUHALMM MOBEPXHOCTHBLIX MPO6
naacToBoro dhaomnaa Ha 3aMepPEHHbIN ra3oBbIn
thakTop (FP) bbina nonyyeHa HedpTaHaa cuctemMa
(Ha ckB. 9);

® COrNacHoO KpUTEpUaM NOeHTUMUKaLMU TUna

T n MpuHsATOE MnactoBas MepexopgHas nnu a3okoHOeHcaTHas
VN DaHHbIX Kasarenu
fal ORISHe 3HauveHue HedpTb nByxdpasHasa 3oHa cuctema

the porous-flow model after the results of laboratory
sample tests taken from well 12 with different
operation conditions (using 4, 7, 8, 9.5 mm chokes)
which can give a more accurate understanding of the
fluid phase. When updating the model results of
samples from wells 7 and 9 were taken into account.

Well tests results

Currently 8 wells are in operation at the field. During the
operation the watercut remained at an average level of
0-2% over the year. At the same time, when adjusting to
historical data in the hydrodynamic model, the calculated
indicators deviate from the actual ones.

In order to adjust the porous-flow model, a series of
multivariate calculations were performed to determine the
fluid contact level based on the actual performance of
the operating well stock. Parameters for variation:

e OWC -3105m/-3106m/-3107m/-3108m;

MnacToBbI ra3

(KUpHbINA, cyxon)

CocrTaB rasa cTaHgapTHoOW
cenapaLm OryC3 = (C1-C2)(C2+C3)-2 1,9 2,5-10,0 6,0-25,0 > 20,0
Cymma romonoros C2+B, % mon. 38,4 >20,0 10,0-30,0 5,0-15,0 <5,0
KoadhpunumeHT XxnpHocTn _ _
CocTas nnacTosoro (100-C2+B/C1) 45 >30 10-40 5-15 >5
cbnonga
Lons ataHa 9,1 <50 40-60 60-80 >80
Copep>xanne C7+, % mon. 12,3 >12,5 11-12,5 <12,5 -
[a3ocopepxaHuve, M*/m? 846,5 <600 600-1200 1200-18000 > 18000
CBolicTBa NnacToBoro
dnionpa MnoTHoCTb AerasvipoBaHHoro dronaa 812 > 830 780-830 <830 R
B CTaHOAPTHbIX YCMOBUSIX, KI/M®

1 MNpeAcTaBneHHble CBOAHbIE KPUTEPUIN COOPaHbl 1 CUCTEMATU3MPOBaHbL! Ha OCHOBE M3BECTHBLIX KPUTEPUEB MOEHTUMUKALMM TUMa NIacToBoro diomaa
(ony6nmKoBaHHbIX B OCTYNHOW CrieumanM3upoBaHHon nntepaType) cneuyanictamm LieHTpa nccnenosanms nnactosbix cuctem @epoposckim C.A. n LieHTpa

KOMMETEHLMI NO ra3oBbIM NpoekTam Kynopocosbim [.H.

Tabnuua 3: Kputepum nageHtidukaumm Tmna niactoBoro ponaa
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nnactoBoro dpntongal (tabn. 3), paccMaTprBaemblie
Npo6bl B OOMbLIEN CTENEHW XapaKTEPU3YIOTCA Kak
HedbTb (57% KpuTepues). B NoNb3y ra3oKOHOEHCATHOM
CUCTEMbI FOBOPST cneaytoLLve gakTbl:

® COrnacHo pesynibTaTaM aKCrnyaraLmm CKBaXKH,
rasoBbli akTop perncTpupyeTcsa Ha yposHe 700-800
M3/M® Mpu 3a60MHbIX AABNEHVISIX CYLLECTBEHHO Bbllle
MPUHATOrO AaBfIEHUS HACILLEHWIS;

® 1abopaTopHbIE SKCMEPUMEHTI, BbIMOSIHEHHBIE B
2020 rogy MeToaamm KOHTaKTHOM KoHAeHcaLUmm (C
BU3yasibHbIM HabtoAeHNEM 38 (Da30BbIM COCTOAHMEM
dhonga), 0O4HOKPATHOrO pasrasnpoBaHng 1
KOHTaKTHO-AnddepeHLManbHOM KOHOeHcaLmu,
noaTBEPAUIM HANNYME ra30KOHOEHCATHOW CUCTEMBI C
napameTpammy KOHAEHCaTO-ra3oBoro akropa
(KF®)960 r/me (ckB. 7);

® Ha TEeKYLLMIN MOMEHT, Ha OCHOBE MOJTy4EHHbIX
pes3ynbTaToB 1abopaTopHbIX NCCNEA0BaHNIA,
npoBeeHHbIX B 2019-2020 rogax, MOXXHO caenatb
crenytoLme BbIBOAbI:

— htong, B NNACTOBLIX YCNOBUAX MOXET
NOEHTUDNLMPOBATLCH Kak OKOJIOKPUTUYECKNE HEdPTb
N ras;

— HeobxoamMmMo obHOBUTL PVT-Mogens dhaonaos
B (OUNbTPaLMOHHOM MOLENM MOCAE NOYHYEHNS
pe3ynbTaToB 1abopaTopHbIX NCCNEA0BaHWUIA NPOO,
OTOBOPaHHbIX 13 CKB. 12 Ha pas/inyHbIX pexxmmax
paboThl (Ha wTyuepax 4, 7, 8, 9,5 MM), KOTOpble MOTyT
natb 6osiee TOYHOE NoHMMaHKe (ha3o0BOr0 COCTOSAHNS
dnonaa, Npy 0OHOBAEHUM MOAENN YHECTb
pesybTaThl NPo6 Mo CckB. 7 1 9.

e relative permeability (RP) of the middle and minimum
options (Fig. 4);
e permeability anisotropy 0.01, 0.03, 0.05, 0.08, 0.1.

Currently the most uncertainty in adjusting the
hydrodynamic model (HDM) to historical data is the
watercut dynamics in the following wells:

e wells 8 and 9. In these wells watercut in the
hydrodynamic model with OWC -3105m is significantly
higher than the actual;

e well 11. This well was drilled so that the mark «bottom
of the well» is at the TVD of -3105m, corresponding to
the depth of the originally assumed OWC.

The graph above (Fig. 5) shows the actual dynamics of
watercut at the previously listed wells since well startup.

For wells 8 and 9 the watercut at the end of October
2020 was about 1%, for well 11 - 10% (on average for
the period of operation ~ 5%). The results of multivariate
calculations are presented in Table 4.

e at OWC -3105m well 9 did not adjust for the actual
water cut which is 1%;

e at OWC -3106m well 9 adjusts to the actual
measurements only at a minimum relative permeability
and at minimum values of anisotropy;

e at OWC -3107m, well 9 adapts at the minimum
relative permeability, as well as at the average relative
permeability and the minimum value of the anisotropy
coefficient;

Hedotb —BOoga - Oil - Water

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1

0 0.2 0.4

] Bopa - Water
== == BapunanTt UK - IR variant

Puc. 4: Mpadmk OPI1 B cructeme HedbTb-BOAA
Fig. 4: Relative permeability graph in the oil-water system
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seseses MuHUMaNbHbBIV BapmaHT - Minimum option
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PesynbtaTtbl rmopoaMHaMU4YeCcKmMX pacyeToB
Ha TekyLmin MOMEHT Ha MECTOPOXXAEHN BBEOEHDI

B 3KCryataumio 8 CKBaXKMH, B MpoLecce paboTbl
KOTOPbIX 0OBOAHEHHOCTL B TEYEHME roga
coxpaHsiiachb B cpeaHeM Ha ypoBHe 0-2 %, nNpy 9TOM
B rMOPOAMHAMMUYECKOM MOOEM MPY aganTaLumm Ha
NCTOPUYECKME OaHHbIE CTaI0 OTMEYATbCS OTK/TIOHEHWE
pacyeTHbIX Nokasarenen oT hakTUYECKNX.

C uenbko agantaumm GuUNbTPaLMOHHON MOAeNn Obina

nNpoBefeHa Cepyisi MHOrOBapUaHTHbIX PaCYETOB A1

onpeaeneHns ypoBHs itonaanbHOro KOHTakTa

Ha OCHOBE (haKTU4YeCKMX Nnokasartesien paboThbl

SKCMyaTayMoHHOro hoHaa CKBaKMH. [apameTpbl os

BapuraLmn:

e BHK -3105 m/-3106 m/-3107 m/-3108 wm;

e OTHOCUTENbHbIE (ha3oBble NpoHMLaemocT (OPI)
CpenHin BapuaHT 1 MUHUMaTbHbI BapuaHT (puc. 4);

® aHu3oTpONMAa npoHunlaemoctn 0,01, 0,03, 0,05,
0,08, 0,1.

Ha TekyLmin MOMEHT HanbONbLLYKO HEONPEAENEHHOCTb
npwv agantaumn rugpoamHammyeckon mogenv (MAM) Ha
NCTOPUYECKME OaHHble MPeacTaBngeT cobom auHammKa
0BBOAHEHHOCTW MO CAEAYIOLLNM CKBaXKVHAM:

e ckB. 8 1 9. Mo gaHHbIM CKBaXKHaM 0OBOJHEHHOCTb
B rygpoamHamMmmyeckon mogenn ¢ BHK =3105 m
3Ha4YNTENBHO BbilLe hakTuyeckon; ® ckB.11. daHHasa
CKBavKKHa NpobypeHa Taknm obpasom, 4To Touka T3
(3ab0W CKBaXKUHbI) HAXOOUTCHA Ha abCOMOTHOM OTMETKE
—3105 M, COOTBETCTBYIOLLIEN OTMETKE 13HAYaSIbHO
npegnonaraemoro BHK.

Ha rpadrvike BbilLe (puc. 5) npeactasneHa haktu Yeckas
OvHammKa 06BOOHEHHOCTM MO BbILENEPEYNCIEHHBIM
CKBa&XXMHaM C MOMEHTa 3arycka.

1
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Puc. 5: 3amepbl 06BOAHEHHOCT MO CKBaxKMHam 8, 9, 11
Fig. 5: Watercut measurements at wells 8, 9, 11
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e at OWC -3108m watercut in wells 8, 9 corresponds to
the actual watercut.

Due to the fact that well 9 has been in operation for
the longest time in the field (more than 1 year), when
choosing the base level of OWC, its watercut dynamics
were taken into account. For well 11, there is a high
scatter of the measured watercut values. In addition,
there are currently technical problems with measuring
the bottomhole pressure (tool sticking), only one
measurement has been made since start-up.

Summarizing the geological and geophysical drilling
information, it can be concluded that there are the following
preconditions for the reduction of OWC level in the deposit:
e Well 2R. Total oil production from this well during the
trial period from 2004 to 2008 were 113,000 tons with
a total water production of 4,000 tons. Watercut at
the end of trial period was 5%. The hydrodynamic
model watercut adaptation in well 2R was also
performed with some complications: at OWC -3105m
(average RP, anisotropy factor 0,08) the well produced
more water more intensively than it did. However,
the actual dynamics of the watercut is simulated
more precisely at OWC -3108m. It was also previously
stated that in 2019, the well logs were conducted,
according to the results the J1 formation at TVD
-3109m operates with live crude oil with a small
amount of water (according to the wellhead data,
watercut is 5%).

e Pilot borehole 7PL. In the well 7PL, according to
production logging, a formation pressure gradient
corresponding to fluid density 0.729 g/cm?® was
plotted at the interval depth of TVD -3100.4 +
-3107.7m, reservoir testing was also performed and an
oil inflow was obtained at TVD -3105.7m.
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W PA3BEOKA

0O6BoaHeHHOCTbL O®I - Relative permeability watercut
o
N craaxuHe! CpepnHuii BapuaHT — Middle option MuHumaneHbIn BapmaHT — Minimum option
No. of the well
0,01 0,03 0,05 0,08 0,1 0,01 0,03 0,05 0,08 0,1

BHK 8 42,7 46,1 52,3 52,3 52,9 10,5 20,7 26,4 29,7 32,5
=3105m 9 13,3 18,2 20,3 222 2311 5,8 8,3 10,1 11,5 12,2

owc
-3105m 11 16 2,0 22 24 25 0,7 0,9 1,0 11 1,2

BHK 8 0,1 0,3 0,5 0,8 1,0 0,0 0,0 0,0 0,0 0,0
-3106 m

OWGC 9 8,6 11,9 13,8 15,5 16,2 2,7 4,9 5,8 6,8 7.3
-3106 m 1 0,7 0,9 1,1 1,3 1,4 0,2 0,3 0,4 0,5 0,5

BHK 8 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
-3107m

oWG 9 5,0 7,6 8,8 9,9 10,5 0,7 2,2 2,9 3,6 4,0
-3107m 11 0,1 0,3 0,4 0,5 0,5 0,0 0,0 0,1 0,1 0,2

BHK 8 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
-3108 m

9

oWG 04 1,5 2,7 3,7 41 0,0 0,0 0,0 0,0 0,0

-3108 m 11 0,0 0,0 0,0 0,1 0,1 0,0 0,0 0,0 0,0 0,0

Tabnuua 4: PeSyJ'IbTaTbI MHOroBapraHTHbIX PaCHETOB Ha I'I/I,El,pO,D,VIHaMI/I‘-ieCKOIZ Moaenn

Table 4: Results of multivariate calculations in the hydrodynamic model

Mo ckBaXKMHaM 8 1 9 06BOAHEHHOCTb Ha KOHEL, OKTS0PS
2020 ropa coctasuna nopsaka 1 %, No CKBaxknHe

11 - 10% (B cpepHeM 3a nepurop, aKcnayaraumm

~ 5 %). Pe3ynbTatbl MHOrOBapMaHTHbIX pacyeToB
npencTasneHbl B Tabn. 4.

e npu BHK —=3105 M CKBaXKMHbI 1 9 HE aganTUpyroTCS
Ha (haKTNYEeCKYO 0BBOOHEHHOCTL, KOTOpas
coctasngeT 1%;

e npy BHK =3106 M ckBaxkmMHa 9 aganTupyeTcs Ha
hakTn4eckme 3amepbl TONIbKO MPU MUHUMaTTbHbIX
ODI 1 NpU MUHUMAaTbHbBIX 3HAYEHWSX
KO3 PULIMEHTOB aHU30TPOMNUK;

e npu BHK -3107 M ckBaxkvHa 9 aganTtupyeTcs npu
MUHUMasbHBIX ODI, a Takke npu cpegrux ODI n
MUHUMaJIbHOM 3Ha4YeHUM KOahduLmMeHTa
AHU30TPONUK;

e npu BHK -3108 M 06BOOHEHHOCTb MO CKBaXKMHAM 8,
9 COOTBETCTBYET (haKTUYECKOW.

B cBs3m ¢ TeM 4TO CKBaXKMHA 9 aKcnyatupyeTcs
OOJIbLUE BCEX HA MECTOPOXOEHWM (SKCMTyaTaums
6onee 1 roga), To Npu BbIbOpPEe 6a30BOrO BapuaHTa
BHK yynTbiBanace B nepByto o4epeb ee AnHammka
0bBogHeHHOCTW. Mo ckBaxkuHe 11 HabntogaeTcsa
BbICOKWIN Pa3bpoc 3aMepeHHbIX 3HAYEHI
0OBOAHEHHOCTU, KPOME TOr0, B HACTOSILLIEE BpeMs
CYLLIECTBYIOT TEXHUYECKME 3a4a4M 3aMepOB 3abO0ONHOro
OaBneHus (Henmpoxod Npmnbopa), C MOMeHTa 3arnycka

BbIMOJIHEH TOJIbKO O4VH 3aMep.
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Taking into account the results of actual watercut
measurements conducted by well logging, production
and reservoir testing, OWC -3108m was selected as the
basis for calculation of forecast production profiles.

Conclusions

e Drilling results confirmed the presence of a
hydrodynamically isolated block in the north of the
deposit. Low-amplitude disjunctive dislocations coaxial
to the mapped faults in the underlying horizons were
identified to justify the difference in fluid contact levels in
the blocks.

e Multilateral wells were tested and successfully applied in
the Jurassic deposits of the Zapadno-Tarkosalinskoye field.
e Under abnormally high reservoir pressure conditions
formation testing to remove uncertainties of the OWC
level of the J1 reservoir proved ineffective.

e Well log interpretation data does not provide explicit
results to determine the fluid contact level.

e Preliminary conclusions about the level of the fluid
contact at the developed reservoir at TVD -3108m were
made based on the hydrodynamic model. Also, results of
the studies and actual operation of the exploration and
production well stock were used in the analysis.

e Fluid at the developed formation in reservoir conditions
can be identified as near-critical oil and gas (laboratory
studies 2019-2020). However, it is more defined as oil.
To better understand the fluid phase, it is necessary

to update the PVT model and to obtain the results of
the laboratory samples taken at different operation
conditions in well 12.
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EXPLORATION M

CyMMMpyYs MONyYEHHYHO MO pesyfibTaTtamM BypeHns
reosIoro-reonanyeckyto MHoPMaLMIO, MOXHO
chenarb BbIBOA, UTO CYLLECTBYIOT CleaytoLme
NpPeanochiky K CHkeHnto BHK no 3anexu:

e CkBaxuHa 2R. CyMmmapHble 0TOOpbI HEPTU MO
OaHHOW CKBaXKMHe B nepuod, NpobHOM aKkcnayaTaumm
(M3) ¢ 2004 no 2008 roa coctasunn 113 Thic. Npu
CyMMapHbIX oT6opax Boabl 4 Tbic. T. O6BOAHEHHOCTb
Ha KoHeL, nepvoda N3 coctaBmna 5 %. Agantaums
obBoaHeHHocTU B [IM no ckBaxkmnHe 2R Takke Oblna
ConpskeHa ¢ onpeneneHHsIMU TRYOHOCTAMU:
npu BHK -=3105 m (cpegHmne OPI1, koahhuumeHT
aHunzoTponum 0,08) CKBaXKMHA OOBOOHAETCS
WHTEHCUBHEE, YeM Mo hakTy, OAHAKO Hay4LIUM
0bpas3oM akTnyeckasa amHammka 06BOAHEHHOCTH
Bocnpownssogutcs npu BHK —=3108 M. Takke paHee
yKasbiBanoch, 4To B 2019 roay 6bi NpOBEAEHbI
MW, no pesyneTatam KoTopbix niacT KO 1 Ha
AO-3109 M paboTaeT ra3npoBaHHOW HEPTLIO C
HE3HaYUTEbHbIM KOIMYECTBOM BOAbI (MO YCTHEBBIM
OaHHbIM 0B6BOAHEHHOCTb 5%).

e [nnoTHeIM cTBON 7PL. B ckBaxxnHe 7PL cornacHo
3amepam K B vHTepBane rnyouH AO -3100,4 +
—3107,7 M NOCTPOEH rpafmeHT nNiacToBOro AaBfieHns,
COOTBETCTBYIOLLMI NAOTHOCTU chrtomaa 0,729 r/cm3,
Takke 6b110 npoeaeHo ONNK v nonyYeH NpUTokK
HedTn Ha AO -3105,7 M.

YuntbiBas pesyibTatbl PakTU4eCKUX 3aMepoB
0OBOAHEHHOCTU, NPOBEAEHHbIX nccnengoBaHun M,
OK-OrNK B naneHelem B ka4ectse 6a30BOro
BapuaHTa Ons pacyeta NporHO3HbIX Npoduien gobbiyn
6b11 BblIopaH BHK —-3108 m.

BbiBogbl

e [o pegynbTatam BypeHus NOATBEPXKAEHO Han4mne
rMAPOONHAMUYECKM M30IMPOBAHHOIO B6/10Ka Ha
ceBepe 3anexu. 19 060CHOBaHWS pa3HuLIbl YPOBHEWN
hntonaaneHbIX KOHTaKTOB B 6/10KaX BblAeseHbI
ManoaMnaUTyHbIE PA3PbIBHbIE HAPYLLIEHWUS!, COOCHbIE
KapTUPYyEMbIM PasfioMaM Ha HYDKENEXaLLMX FOPU30OHTaXx.
e OnpoboBaHa 1 yCrneLHO NpUMeHEHa TEXHOIOMIS
OypeHnsa MHOro3abonHbIx ckBaxkH (M3C) B yCnoBusx
FOPCKMX OTAOXKEHUIN 3anagHo-TapKOCaIMHCKOro
MECTOPOXXAEHNS.

e B ycnosusx ABIM nccnepoBaHusa metogom ONMK ons
CHATUS HeonpeaeneHHocTen No ypoBHo BHK nnacta
KO1 okazanmcb HeS(PMEKTUBHBIMMU.

e PUTNC Ha MecTopoXxaeHUM He OaeT OAHO3HAaYHbIX
pes3ybTaToB MO ONPeaeneHuo MNOMOXEHUS
hnonaansHOro KoHTaKTa.

e [lpenBapuTesibHbIE BbIBOOBI O MOIOMEHUM
dtonaanbHOro KOHTaKTa Ha paccMaTpUBaeMOM
0bbekTe paspaboTkm Ha ypoBHe AO-3108 M

Obl CAenaHbl No pedyibTaTaM UCCNen0BaHNI

1 hakT4Heckom paboTbl PasBegOYHOrO U

www.rogtecmagazine.com

e The results obtained during the study of the field,
as well as the implementation of the main engineering
solutions program and production drilling plan can

be taken into account for the development of similar
fields.
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aKcnsyaTaumoHHOro hoHAa CKBaXKH Ha OCHOBE
rMMOPOANHAMUYECKOM MOOENN.

e dnona Ha paccMaTpmMBaeMomM 06beKTe pa3paboTKK
B M/1ACTOBbIX YC/IOBUSIX MOXET UAEHTUDULIMPOBATHCS
Kak OKOJTIOKpUTHYECKME HEDTb 1 ras (nabopaTopHble
ncenegoBaHng 2019-2020 rogos), ogHaKko B 60MbLLEN
CTeneHn xapakTepusyetcst Kak HedbTb. s 6onee
TOYHOrO MOHMMaHKS (Ha30BOr0 COCTOSHUS dhronaa
HeobXOAMMO MOJTYYUTb PE3YbTaTbl 1abopaTopPHbIX
ncenegoBaHuii NpPob, 0TOBPAaHHbBIX Ha Pa3/INYHbIX
pexmnmax paboTbl CKBaXKMHbI 12, 1 NPON3BECTU
obHoBNeHne PVT-mogenu.

e PesynbTaTbl, NO/yYeHHbIE B XO4€ U3Y4eHUSs
MECTOPOXIEHVIS, a TaKXKe peanvsaLimn nporpaMmbl
OrP 1 akcnnyaTauoHHOro BypeHns, MOryT ObITb
YYTEHbI MpK PadpaboTke MECTOPOXKAEHMI-aHaI0rOB.
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