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|_| epen KoMnaHmnen CTouT cTpaTerideckas Lesb —
OOCTUKEHME MOAKM 400kl HepTM B 100 MAH.T H.3.
s peannaaumm 3Ton Len HeobxoaMmo HapallBaTb
pecypcHyto 6asy, BBOOUTL B SKCMyaTaLmio HOBble
MECTOPOXAEHWS, a Takke paboTaTb C 6a30BOV A0OLIHEN
Ha OenCTBYOLLEM (DOHOE CKBAXKMH.

B HacTosee Bpemsi B KomnaHnm Ha 95%
MECTOPOXAEHU peann3oBaHa cucTeMa NoAaepKaHNs
nnactoBoro gasnenvs (MIM4). JaHHasa cuctema aBasieTcs
KJTKOYEBOWM MPK pa3paboTke HEPTAHOrO MECTOPOXKOEHNS,
COCTOsIHVE U paboTa KOTOPOM HanpsIMyo B/IMSIET Ha
obecrneyeHre HeoOXoOVMbIX MapPamMeTPoB PaboTkl NIacTa,
PEXMMOB BbITECHEHMS 1, CNEA0OBATENLHO, O00bIYY
HethTn. OgHako, nodtn Bce [JodepHume ObuiecTtsa IMTIH
CTaNKMBaKOTCA C NpobemMamMn aHamaa 1 MHTepnpeTaumm
MPOMbICIOBOM MHGOPMaLMK, B CBA3M OITEBHOCTHIO U
TPYAOEMKOCTbIO MPOLIECCA, U BbITEKAIOLLIM 13 3TOrO, HE
O4EBMOHBIM, pe3ysibTataMm. [109TOMy He Bcerga MMeeTcs
MOHMMaHME B KaKOW 4acTy CUCTEMbI MMeeTCs Npobnema —
B M/1acTe, CKBXXMHE WU MHADPaCTRYKTYPE.

ObpaTMcs K M3BECTHOM hopMyIie, MCMOMb3yeMOW /1
onpegeneHus koadhdurumeHTa nasnedeHns Hedptn (KIH)
(1):

KWH=K XK _ , M
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One of the Company’s highest strategic goals is to
achieve an oil production rate of 100 million tons of
oil equivalent. This goal requires an expanded resource
potential, new oil fields being brought into production and
enhanced production from the current wells.

At the moment, the Company has a reservoir pressure
maintenance system (RPM) in place, in 95% of its fields.
This system is a key element in oil field development while
its health and operation is directly linked to the requisite
reservoir operational factors and drive mechanisms, and,
consequently, oil production. However, nearly all Gazprom
Neft subsidiaries face issues of field data analysis and
interpretation due to the lengthy and exhaustive process
and the outcomes are not always clear. Thus it is not
always apparent which part of the system, i.e. the
formation, oil well or infrastructure, is causing the trouble.

We use a well-known equation for estimating oil recovery
factor (1):

KHMH=K XK _, (1)

Where K__ : Volumetric sweep efficiency

K__: Qil displacement efficiency

BBIT

K . : Ratio of the connected reservoir volume swept by
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roe K kosahuumeHT oxearta;

BBIT ©

K .+ KOS(PUUMEHT BbITECHEHNS;

0X]

K : OTHOLeHMEe 06bema HacTu 3a1exy OXBa4EHHOWM
OPEHNPOBaHMEM NNACTOBbLIX PNONOOB K ee 0OLLEMY
0b6bemy. KoahhurumeHT oxBaTa XxapakTepusyeT
B/ISIHME MPEPLIBUCTOCTU (HepeaoBaHns MPOHULIAEMbIX
1N HEMPOHML@eMbIX TeN) Ha nokasarenu duneTpaLmn

— T.e. CTENEHb YMEHbLLEHNS APEHNPYEMOro obbema
naacra no CPaBHEHWNIO CO CJly4aeM OTCYTCTBUSA B HEM

HenpoHnUaeMbIX Tesl.

["naBHOW 3agadert Npu paspaboTke SBASETCA NOJIHOE
BOBJIEYEHNE OOBEMOB 3a/1EXKM B MPOLIECC APEHNPOBAHMS.
Ho npw BbICOKOW CTENeHW HEOAHOPOOHOCTU

NN CYLLLECTBEHHOM Pasfiyim B NOLABUXKHOCTA

Hed TN 1 BLITECHAIOLLErO areHTa a(eKTUBHOCTb
3aBOOHEHMS CHIDKAETCH, YTO BbIPKAETCS B CHUKEHUN
koathdpuLmeHTa oxeata. OCHOBHOW MPUYMHOW ABNSIETCS
HEPaBHOMEPHOCTb MPOABVXEHUS PPOHTA 3aKa4BaEMOM
BOAbI MO NNOLLAAM 1 pagpesy nnacta.

K . : OTHOWeHMe obbema HeMTH, BbITECHEHHOW BOAOM
13 obpasLia Nopoap! UM MogeNy naacTa 4o NOAHOMO
0BBOAHEHMS MOTYyHaEMOM NPOOYKLUMN, K HA4aTbHOMY
obbemy HedbTW, cogep kaLLlencs B obpasLe nopodb! n

Mogenn nnacTta.

BenuunHa koathdumeHTa BbITECHEHNS YBA3LIBAETCA
C MHOMMMUK (haKToOpaMm 1 HE ABNSIETCH MOCTOAHHbLIM B
npouecce padpaboTkm KonekTopa. ViccnenoBaHns
MexaH13mMa BbITECHEHWUSI HEDTU BOOOW U3 MOpOoL-
KOJIIEKTOPOB MOKa3bIBaKOT, YTO BEINYMHY
KO3(h(PULIMEHTA BbITECHEHNS ONPEeneNdtoT Takme
NETPOMPUINHECKMNE XaPaKTEPUCTUKN KONNIEKTOPA, Kak
HEOHOPOOHOCTb CTPRYKTYPbI MOPOBOro NPOCTPaHCTEA,
pa3mepbl NOp, YaelbHas NOBEPXHOCTb, BELLIECTBEHHbIV
COCTaB 1 CMa41BaeMOCTb KOMIIEKTOPA, a TakxKe
XapaKTePUCTUKN MIaCTOBbIX XXUOKOCTEN - BA3KOCTb

1 COCTaB HETU, MEXIA3HOE HATHKEHNE HEDTY Ha
rPaHuLLE C BbITECHSIOLLIM areHTOM 1 Temneparypa.

CHWXeHVe BbILIEONMCaHHbIX MokasaTeen onpeaeeHs
KO3 uULMEHTa N3BEYEHNS HEDTW, BCNEACTBME
BO3HUKAOLLMX NPOo6emM, NPUBOOUT K COKPALLEHNIO
6a30BOV OOOLIYM ONEPEXAOLLMMN TEMMAMU U
HEeOOCTVKEHMIO NpoekTHOro KIH.

K ocHOBHbIM NMpobrieMam pas3paboTky 1 yrpaBneHns

3aBOOHEHMEM HEPTAHOrO MECTOPOXAEHMS MOXKHO

OTHECTW:

® HepaBHOMEPHasa KOMMeHcaLMst (Pa3HOCTb NMIacTOBOrO
[aB/IeHNd Mo A4eikam 3aBofHeHVs, Bimdolad Ha K );

° 00BOAHEHVE O0ObIBAKOLLErO (DOHOA ONEPEXAOLLMMN
TeMnamm

® HenpousBOOMUTENbHAS 3aKadka.
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the injected fluid to the total reservoir volume. The volumetric
sweep efficiency describes the relationship between
discontinuity (alternating permeable and non-permeable
formations) and filtration properties, i.e. a reduction in

the producible volume in the formation compared to the
absence of non-permeable zones.

A primary aim during development is to fully involve the
reservoir volume in the production process. However,
when the heterogeneity is high or the difference between
oil mobility and the flooding medium mobility is greater,
the efficiency of the water injection is diminished. This

is evidenced by a drop in volumetric sweep efficiency.
The main reason is caused by uneven injected water
advancing across the formation area and into the depths.

K :lsthe ratio of the oil volume driven by water movement
from a core sample or laboratory formation up to complete
sweeping of the recovered core sample to the initial oil
volume contained in the core sample or laboratory formation.

The oil displacement efficiency correlates with many
factors and is not constant over the course of a reservoir’s
production. The study of the oil / water displacement
mechanism for the reservoir rock shows that such
petrophysical rock properties as irregular pore space
organization, pore size, specific area, composition and
wetting characteristics of the reservoir rock along with the
reservoir fluid properties, i.e. oil viscosity and composition,
oil / driving medium interfacial tension, and temperature,
all impact oil displacement efficiency.

A decrease in these underlying parameters of oil
displacement efficiency due to the emerging issues results
in an exponential base production shrinkage and missed
oil recovery.

The major challenges to develop and manage water

injection in an ail field include:

e Differences in voidage replacement (reservoir pressure
differential within the water injection pattern, which has
animpactonK_ )

e Higher water injection in the wells

e |nefficient water injection.

The question is then: how to maintain and increase
production by enhancing the water injection system?

An oil field is a complex balanced hydrodynamic system
consisting of the subsurface portion of the well and

its surface infrastructure. Each part of the system in the
Company’s current properties is modeled separately, in order
to eliminate any interaction between them. It may eventually
lead to a bad decision making in development and may have
irreparable consequences for the il field. It is not possible
to manage all systems online simultaneously.
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B [OBblHA

Bo3HMKaeT BOMPOC — Kak COXPaHUTb 1 YBENUYNTD
006bI4y, ONTUMUSNPYS CUCTEMY 3aBOAHEHWSA?

HedhTaHoe MecTopoXxaeHve NpeacTaBaseT Cobow
CJTOXKHYHO PABHOBECHYIO MMAOPOANHAMUYECKYO CUCTEMY,
BKJIO4AIOLLYIO B Ce0s1 MOA3EMHYIO YaCTb, CKBaKMHbI U
Ha3eMHYIO MHDPACTPYKTYPY. Kaxkaas 4acTb CUCTEMbI Ha
TeKyLUMX akTrBax KomMnaHum ModenmpyeTcs OTAebHO,
TEM CaMbIM HE YYUTbIBAKOTCS B3aVIMOB/IUSIHMS CUCTEM
Opyr Ha apyra. YTo MOXKET NMPUBECTU, B KOHEYHOM
pesynbTare, K HenpaBubHOMY MPUHSATUIO PeLLEeHUI

no paspadoTke 1 HeobpaTMbIM NOCAEACTBUAM A5
MECTOPOXOEHNS. HET BOBMOXHOCTV yNpaBasTb B
PEXVME «OHMarH» BCEMW CUCTEMaMM OOHOBPEMEHHO.

[na pelueHns gaHHoOW 3agadyv HeobxoayMo
1NCMONb30BaThb NPOrpamMMHOe obecnedeHme os
NHTErPUPOBaHHOrO ModenmpoBaHna. Lindposas

voaenb MMNO o6veanHseT MJTACT, CKBAXKUHY n
NHOPACTPYKTYPY B eauHyto cuctemy. [Npun nameHeHnn
pexxmMa paboTbl OOHOM YacTu CUCTEMbI MOXKHO
OTCNEANTb N3MEHEHME B PabOoTe OCTalIbHbIX YaCTel.
YunTbiBAETCS NHTEPMEPEHLNSA CKB2XKMH. [1pr momMoLm
OaHHOM MOAENN Mbl CMOXXEM YNPaBNSATb 3aBOAHEHNEM
MOCKBaXKMHHO. Wl MpocnexmBaTh Kaxxayto YaCTb CUCTEMbI
«KHC-BOOOBOAbI-CKBAXXWHA-TJTACT» oo 3a6os
KaXKO0W CKBaXKVHbI, BbISIB/IATL MPOO/IEMbI 1 UCKaTb
OonTUMasbHblE peLleHrs. Moaesib MOMOXKET OnpeaenTb
HeoBXOOVMbIM PaCXOf, 3aKa4ykuM 1 MoaobpaTb YCTHEBOE U
ry6uHHOE 0B60PYOOBAHME ONS KXKOOWM CKBAaXKMHDI.

MpY KOMMIEKCHOM MOAENMPOBaHUY HEOOXOANMO
KpOCC-yHKLMOHaIbHOE B3aMOAENCTBIE reonora-
paspaboTymka 1 TexHonora. 'eonor-pa3padboTymk 6epeT
Ha cebs 3agayv ModeIMPOoBaHNs NacTa, BbiaeneHme
nepBOOYEPEOHbIX FYEEK 3aBOOHEHNS, NNAHNPYET
reoIoro-TEXHNYECKME MEPOMPUSATUS HA HAarHETATETbHOM
doHae, 1 NnepenaeT NaHMPyeMblE MEPOMPUSTUS B
Ka4eCcTBe UCXOOHbIX AaHHbIX TeXHOMOory. TexHonor
Ha UMpPOoBO MOOEN MPOBEPSIET BO3MOXXHOCTb
peann3auuy aHHbIX MEPOMNPUATUN, BbINOIHAET NOAO0P
obopynoBaHus (WTyLepos, HKT), nenaet SKOHOMUYECKYIO
OLIEeHKY MpeanaraeMbiX MeponpusaTUA U NepenasT
0bpaboTaHHble pe3ynbTaTtel 0bpaTHO reosory. [Nposens
HECKOJTbKO UTepaLnii B TaKOM CUHEPrETUHECKOM
B3aMMOOENCTBMM, Ha Bbixode nonydaem PE3YJIBTAT:
° MeponpuUsTUS Mo ONTUMU3ALIN PEXXMMOB PaboThbl
cuctembl MNMN4;
® MONyYeHe OONOSHNTENBHOW O00bIYM YrNeBOAOPOOOB;
® YyMEHbLLIEHME XOSJIOCTOW MPOKaYKU;
° NoABOP PEXXMMOB PaboTbl MHDPACTPYKTYPbI A4
HeCcTaUMOHaPHOro 3aBOOHEHNS;
® KOMMJIEKCHOE COMPOBOXXAEHME MO YNPaBIeHUO
3aBOAHEHVIEM.

B kauecTtBe NMNoOTHOro NpoekTa BbibpaHa CyrMmyTckas
rpynna MecTopoXxaeHuin. 3akadka paboyero areHTa
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To address this challenge, we will use an integrated
modeling software. The RPM digital model brings the
formation, oil well, and infrastructure together into a single
system. When the operating conditions in any part of the
system change, the differences in the operation of its
other parts can be tracked. Mutual well interference is
factored in. This model makes it possible to manage
water injection in each individual well and also to

track any portion of the single Cluster Pump Station
(CPS)-Water Lines-oil Well-formation System down to
each well-bottom hole, diagnosing the problems and
identifying their best solutions. The model will assist

in determining an adequate injection flow-rate and
selecting suitable well-head and down-hole equipment
for each well.

During consolidated modeling, the development geologist
and process engineer work together in a cross-functional
team. The development geologist assumes the job

of formation modeling, prioritizing the water injection
patterns, scheduling interventions in the injection wells,
and submitting the planned operations as a data basis to
the process engineer.

Using the digital model, the process engineer evaluates
the feasibility of these interventions, selects equipment
(chokes, string), prepares a cost estimate for the
operations, and returns the compiled results to the
geologist. After a few iterations within such synergistic
collaboration, we obtain the result at the end:

e Activities to improve the RPM system'’s operation

e Increase in hydrocarbon production

e Reduction in useless water injection

e Selection of the infrastructure operating conditions for
cyclic water injection

Comprehensive support for water injection management

The Sugmut Field Cluster was selected for the pilot
project. 4 cluster pump stations (CPS) are used to inject
the injection fluid in the RPM system in the Sugmut Field
Cluster. The KNS-1; 2 pumps are for the north of the field
and the KNS-3A; 3B pumps are for the south of the field.
Furthermore, the latter are connected within a single
high pressure water line system. It was decided to
pilot-test the cluster pump station (CPS)-water lines-oil
well-formation digital model in a separate area within
the RPM system. The KNS-2 RPM system coverage
area was selected as a pilot section. 2 pumps with
throttle control are operated in the pump station. There
are currently 57 injection wells (Fig. 1).

Based on the modeling results, the model proves to

be highly accurate against the actual operating results.
The discrepancy between the estimated and actual
parameters is not greater than 5%. However, the model
analysis showed some inconsistency.

www.rogtecmagazine.com
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B [OBblHA

B cuctemy [N CyrMyTCKOro MECTOPOXOEHMS
OCYLLECTBNSETCH HYepesd 4 KyCTOBbIX HACOCHbIX
cTaHuum (KHC). Ha ceBepHon 4YacTyi MECTOPOXKAEHUS
HacocHbIMK arperatamu KHC-1; 2 1 to)kHOM —
KHC-3A; 3b. MNpuyem nocnegHne o6beanHeHbl
€0VHOW CUCTEMOW BbICOKOHAMOPHbIX BOJOBOAOB.
AnpobupoBaHme NOCTPOEHUS LpoBOV Mogenm
«KHC-BOO0OBOAbI-CKBaXKMHA-NNACT>» ObISIO PELLEHO
NPOBECTU Ha HE3aBMCUMOM y4acTke cuctembl MNIMO. B
Ka4yeCTBe MMIOTHOMO y4acTKa BbibpaHa 30Ha oxeaTta
cuctemsbl MMNO KHC-2. B paboTe HAaCOCHOW CTaHLmMn
HaxoOATCs 2 HACOCHbIX arperaTa, PerympoBaHmne
PEXNMOB PaboThbl OCYLLECTBSETCS NOCPECTBOM
apoccennposaHus. JencTByWM HarHeTaTeNbHbIN
doHa - 57 ckBaxkuH (Puc. 1)

Mo pesynbTaTtam MoaenMpoBaHng HabIloAaeTCs
XOPOLLas CXoANMOCTb MOAEN C (PAKTUHECKUM PEXXMMOM
paboThbl. Pacxo)xgeHne pacyeTHbIX 1 (PaKTUYECKMX
nokaaaresen cocTaBnstioT He 6onee 5%. OgHako, Npu
aHanmM3e MoOeNM BbIsiBNIEHbI HECOOTBETCTBUS.
AHanMa No MOAENM BbINOHANCS B HECKOBKO LLAroB:
e Lllar 1: BbinonHeHWe pacyeTa NHTErPUPOBaHHON
MOLENM MO CKBaKMHAM;
e lar 2: OTKNYEHNE CKBaXKMH, BbINOTHEHME
0BbIYHOMO MAOPABINYECKOrO pacHeTa A0 YCTbs CKBADKWH;
e Lllar 3: CpaBHeHVe 1 aHanM3 peaybTaToB.
Ecnun pesynbtaTthbl OEHTWYHbI, TO Npobema B
MHPaACTPYKTYpe. Ecnmn nMmeroTcsa pacxoXXaeHns, To
npobremMa B CKBaKNHE. HeobxoaymMo NpOBECT aHaM3
NCTOPUK PabOoTbl CKB2XKMHDI.

o pe3ynbTatam pacyHeToB MOAENN HA MMIOTHOM y4YacTKe

OblNN BbISIBNEHbI CNEOYHOLLE OTKITOHEHUS:

® HampaBneHWe 1 rpynna KycToB C JaBAEHNEM HKE
PaCYETHOMO MO MPUHMHE HATNUMS LLITYLMPYHOLLIErO Y4acTKa,;

® 2 CKBaXKVMHbI CO CHM>XEHHbIM M1ACTOBbIM OAB/IEHNEM.
[MprHMHON SBASIETCS NPOBEOEHHbIE MEPOMPUSTUS MO
CHVDKEHWIIO 3aKauKy 11 MEPOMPUSTUS MO BblPaBHWBAHNIO
npocunsa NprueMmncTocT. Beneactaume yero
KOMMEHcaLMs Mo S4ENKE cTana HKe HeobXoaMMON;

e 2 CKB&XKVMHbI C HEMPOM3BOAUTENBHOM 3aKa4KoW 1N3-3a
HEerepMeTUYHOCTM SKCNNyaTaLIOHHOW KOMOHHBI;

e 16 CKBa>KVH C NepechInaHHbIM MHTEPBAIOM NepdopaLmn;

e 3 CKBaXKVMHbI C BO3MOXHbIM COIEOT/IOXKEHMEM Ha
cTeHkax HKT.

TakrM 06pa3om, Npu aHaN3e NPOMbICIOBbIX AaHHbIX U
NOMOLLW UMDPOBOM MOAEN, MOXXHO BbISBNATL YAaIEHHO
OT MECTOPOXKAEHNST HECOOTBETCTBMSA B paboTe CUCTEMb!
MMd. YcTpaHeHne KOTOPbIX HEOOXOOMMO B MEPBYIO
odepenp.

COBMECTHO C crneupanncTamm padodeit rpynnbl yHKLMK

"eonormna n PaspaboTka (MP) 6bin npoBeaeH aHam3
doHpa ckeakmH CyrmyTckow rpynmbl. BeloeneHa
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Cyrmyrenpa
MBCTOpOMAOSHMG s FomanoRcEDa

Bugrmut Field e MECTODOMASHWA
[ Aomanaoy Field

Puc. 1. MnoTHbIN y4acTok
Fig. 1. Pilot area

The model was examined through a multi-step process:

e Step 1: Integrated model calculation for the wells

e Step 2: Well shut-in and conventional hydraulic analysis
up to the well head

e Step 3: Result comparison and analysis. If the results
are similar, then the issue lies inside the infrastructure. If
there are any discrepancies, then the issue is in the well.
The well operation history needs analysis.

The model calculation for the pilot area revealed the

following discrepancies:

e Direction and cluster group at a pressure below the
design goal due to the choke flow area

e 2 wells had lower reservoir pressure. This was caused
by the activities carried out to reduce water injection
and adjust injectivity; as a consequence, voidage
replacement within the pattern fell below the required level

e 2 wells had inefficient water injection resulting from a
leaking production string

e 16 wells with a packed perforated interval

e 3 well with potential scale build-up on the string walls

In this way, the field data analysis and digital model is
capable of revealing any discrepancies in the RPM system
operation remotely from the field. Their repair should be
considered a priority.

The wells in the Sugmut Field Cluster were analyzed in
collaboration with a task group from the reservoir and
petroleum engineering function. They identified the area
where the system components best facilitate each other’s
operation (Target). They also detected the wells away from
this area. The well position inside the chart helps predict

www.rogtecmagazine.com
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B [OBblHA

onTUMasbHasi 30Ha B3aMMHOW pPaboTbl YacTel CUCTEMbI
(Llenb). A Takke BbISIBNIEHbI CKBaXKMHbI, OTK/TOHSIOLLIECS!
OT AaHHOW 30HbI. ICX0as 13 TOro B Kakyto YacTb rpadvka
OTKJTOHSIKOTCS CKBaXKMHbI, MOXKHO MPEANOSIOKUTL B

KakoW 4acTu crcTemMbl Npobnema — B KHC, BogoBogax,
CKBaXKMHE unn nnacte (Puc. 2).

[NyTem pacyeToB NpoBeaeHa Knaccubrkaumsa KycToB Ha 5
K/1acCcoB. Ha rpauke ropusoHTasnibHas JIMHWA - cpeaHee
YyCTbeBOE AaBneHne (PycT) 41s BCEro aHamM3npyemoro
00beKTa, BepTUKasIbHAs JIMHUS — COOTBETCTBYET
PaBEHCTBY NACTOBOro (Pr) v rmgpocTaTM4eckoro
nasneHuns (Prc). Paamep ny3blpbkOB — rpafaLys KycToB
no Ao6blve 3a NOCAedHNIA MECSILL.

e Knacc 1: O6nacTtb ngeasibHOr0 COOTBETCTBUSA
YCTbEBOrO AAB/IEHVS 3aKa4KM 1 MIaCTOBOrO OAB/IEHVS.
3oHa «Llenb».

e Knacc 2: YCTbeBO€ AaBNeHNE BbILLE CPEOHENO, HU3KOE
nJacToBoe gaBneHue. lNoadupatoTes kaHauaoaTbl Oas
nepesoga B M, npoBeagHe 06paboTok
NpP13aborHOM 30HbI HA HArHETaTESIbHbIX CKBabKMHAaX.
3anatoTcs yCnoBus OnpeaeneHns KaHaMoaToB — no
TeKyLLEMY OeOUTY HEDTV 1 0OBOOHEHHOCTU.

e Knacc 3: YCTbeBOe HKe CpeaHero, niactoBoe
HU3Koe. OnpenensaoTcs KyCTbl MO KOTOPbIM
HeobxoayMO yBenu4eHne PycT, oLeHnBaeTCs
OOMNONHUTENBHAA OobObIHa HETU.

e Knacc 4: YcTbeBoe AaBfeHne HKe cpeaHero,
NnacToBOE BbiLLE MapocTaTMieckoro. MNoodrparoTcs
KaHaouaaThl Nog ONTUMN3aUMIO HacoCa, OLIEHMBAETCA
OOMNONHUTENBHAA A00blYa HEDTY OT OOCTUIKEHNS
LENIEBOIO Y MUHMATTBHOMO 3a60MHOMO AaBneHud (P3ab).

e Knacc 1: Bbicokoe yCTbeBOe AaBneHue npy Na1acToBOM
OaBneHnn Bbille rapocTaTudeckoro. OnpenenstoTcs
KYCTbl MO KOTOPbIM HEOOXOAMMO COKPALLEHNE 3aKauK.

Vicxoas na gaHHom knaccudmkaumm 6blam
chopMmpoBaHbl MEPOMPUATUASA MO OrPaHUYEHNIO
3aKkayku 1 nepesoay ckBaxkuH B MM Ha nnaoTHOM
yyacTtke. K knaccy 2 oTHocaTcs KycThbl 2, 3, 15, 16,
19, 30Ha KyCTOB «HedoKa4aHa», paccMaTpmBatoTCA
KaHonoatsl onga nepesona B MM, K knaccy 5 -
kycTbl 11, 13, 6, 4, 22, 23, N0 KOTOPLIM HEOOXOONMO
orpaHn4nTb 3akadky (Puc. 3).

Mo CyrmyTCKOM rpynne MeCTOPOXAEHNIA, MPU YCA0BUN
nepeBoaa BCEX CKBAXKMH B «LIe/b», AONOJHUTENbHAS
nobblva HedpTn 3a 25 neT coctaBuT 6,8 MJIH. TOHH.

Pa3paboTaHHble Ha MOAENN ONTUMU3ALIMOHHbBIE
MEPOMPUATUS HE TPEDYIOT 3HAYMTENBHbBIX KanUTaNbHbIX
BJIOXKEHUM, X MOXXHO OCYLLIECTBUTL B pamMKax MjiaHOBOM
onepaLyioHHON OeATeNbHOCTY NPEAnPUATAS:

° Noabop LWTYLIEPOB;

® nepeBopn ckBaxkuH B MIMN0;
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where the issues will arise: cluster pump station, water
lines, oil well or formation (Fig. 2).

The clusters were divided through calculation into 5
classes. The horizontal line on the chart is an average
well-head pressure (PycT) for the item under analysis

as a whole while the vertical line represents a perfect
match between the reservoir (Pnn) and hydrostatic head
pressure (Prc). The bubble size corresponds to the cluster
production ranking in the last month.
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Fig. 2. The TARGET chart

e Class 1: The area where well-head injection pressure
perfectly matches the reservoir pressure. The Target area

e Class 2: Well-head pressure is above average,
while reservoir pressure is low. The candidate wells
for the pressure maintenance program and bottom-hole
treatment in the injection wells are to be selected. This
provides conditions for the selection of candidate wells
based on current oil rate and water cut.

e Class 3: Well-head pressure is below average, and
reservoir pressure is low. The clusters for raising Pyct
are to be identified, and an oil production increment is
to be assessed.

e Class 4: Well-head pressure is above average while
reservoir pressure exceeds hydrostatic head pressure.
The candidate wells for pump improvement are to be
selected, and an oil production increment from attaining
the target and minimum bottom hole pressure (P3a0) is
to be assessed.

e Class 5: Well-head pressure is high at a reservoir
pressure above hydrostatic head pressure. The clusters
for water injection reduction are to be identified.

This classification formed the core for water injection
restriction operations and initiating pressure
maintenance program in the wells inside the pilot area.
Clusters 2, 3, 15, 16, and 19 fall under class 2 where
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Puc. 3. Cxema NnIoTHOro y4acTKa C rpaH1UaMmy MepornpusTi

® MPOBEAEHME NHTEHCUMDMKALMM O0DbIHM HEDTY;

® BbIBO[, 13 3KCMJTyaTalum CKBaXKMH C
HEMPOWN3BOOUTESIbHOM 3aKa4KOoW;

® pErynMpoBaHne PeXNMOB PaboTbl HACOCHbIX
arperatos KHC

OuEeHEH 3KOHOMNYECKMI SDMEKT OT peann3aumm
MeponpuaTun. C y4eToM 3aTpaT Ha TPaHCMOPTUPOBKY,
NoArOTOBKY, SNIEKTPOSHEPIIO B NepBble 5 NET roA0BOM
NPV coctaBnseT nopsiaxka 500 MNH. pybaen n K

KOHLLy paCHeTHOro Neproda CHKAETCH K MUHUMYMY.
HakonneHHbin NPV 3a 25 net — 9.5 mnpa. pybnen.

BbiBoObI:
¢ [ToCTpoOeHa KOMMIeKcHas Moae b.

® Ha ocHoBe Mofen Bbinn paspaboTaHbl MEPOMNPUATUS

HanpaB/IEHHbIE HA ONTUMN3aLMIO PaboThbI

0bopyOoBaHMs 1 NepepacnpeneeHme KoMneHcaumm

no s4erKaM 3aBOOHEHVIA 1 BbITECHEHWE paHee

HeOpPEeHNPYEMON HeTW:

® M3MEHEHVe MIacToOBOrO AABAEHNS B I
NOPOOVHaMNYECKOM MOLE N NacTa;

® O4NCTKa NPU3aboMHOWM 30HbI NacTa Ha 16
CKBaXXVHAX;

°  yBEJIMYEHNE MPUEMUCTOCTU CKBEXKNH METOAAMM
06paboTkM NPU3abOHOM 30HbI;

° pEeryMpoBaHve pPexxMa HaCOCHbIX arperaTos.

e [py peann3daumn MEPOMPUSATUN UMEETCH MOTEHLMAT
NOYYUTb OOMNOSNHUTENBHO 6,8 MH.T HETW MO
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Fig. 3. Pilot area layout showing the operation scope

the cluster area is under-injected, and the candidate
wells for the pressure maintenance program are to be
considered. Clusters 11, 13, 6, 4, 22, and 23 are listed
as class 5 where water injection is to be restricted.

If all wells in the Sugmut Field Cluster shift to the Target,
an additional oil production of 6.8 million tons would be
add over 25 years.

The model generated enhancements do not require any
considerable capital investment and may be implemented
within the company’s normal routine:

Choke selection

Including wells for pressure maintenance

Well simulation

Well decommissioning if water injection is inefficient

e Optimizing pump operation in the CPS

We have assessed the financial benefits from the
efforts. Given the shipping, preparation, and power
costs in the first 5 years, an annual NPV is around 500
million rubles, declining to a minimum at the end of the
calculation period. The cumulative 25-year NPV is 9.5
billion rubles.

Conclusion
¢ \We have generated a comprehensive model.

e Based on the model, we have developed strategies

aimed at optimizing equipment operation and
adequately balancing voidage within the water injection
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B [OBblHA

CyrmMyTCKOM rpynne MECTOPOXAEHWA, TEM CamMbIM
obecne4wnmM NpupocT AodbHn Ha 20%.

e [lpennaraem TMpaXMpOBaTb METOAVKY B KoMnaHuu.
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ABTOpbI CTaTb:
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,D,el'lapTal\/leHTa KOHLEMNTYaJTbHOIo NPOoeKTnpoBaHA,

Xamupynnun PuHaneg Jamuposud, OO0 «TCK>,
reHepasibHbIN AVPEKTOR

Matepran nobesHo npenocTasneH komnanven NAO
«[a3npom HedTb» 1 >xypHanoMm «PROHedTH».

e
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pattern, thus driving the earlier trapped oil into the well:
Reservoir pressure change in the fluid flow simulation
Bottom-hole formation treatment in 16 wells
Well response increase through bottom hole
treatment
Pump operation improvement

e The implemented strategies will make it feasible to
increase oil production by 6.8 million tons from the
Sugmut Field Cluster, thereby increasing production
by 20%.

¢ \We therefore propose spreading this method across
the Company.
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