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BBEOEHUNE INTRODUCTION

PacTyLume 3atpaTbhl HA OCBOEHME HOBbIX HEDTEra30BbIX Rising costs associated with the development of new
MECTOPOXAEHUI B YCNOBUSIX KONebaHna cnpoca Ha oil and gas fields in the face of fluctuating demand for
Yr1eBOOOPOOp! 3aCTaBIAET HEOQPOMNOIb30BATENA hydrocarbons are forcing subsoil users to develop and
paspabaTbiBaTb 1 BHEOPSTb HOBbIE 3 MEKTUBHbIE implement new efficient technologies that reduce the
TEXHOI0MN, CHPKatoLLME CebeCTOMMOCTb J0DbIHN. cost of production. The remoteness of new fields from
YAaneHHOCTb HOBbIX MECTOPOXAEHUI OT CYLLECTBYHOLLIEN the existing infrastructure, the commissioning of new
VMHPaCTPYKTYPbI, BBOA, B KCMTyaTaLyto HOBbIX production targets and their connection to the existing
0B6BEKTOB PaspadoTKn, X MOOKIHOHEHNE K field facilities system, as well as the harsh climatic
CYLLECTBYIOLLIEN CCTEME ODYCTPOMCTBA MECTOPOXAEHMA,  conditions at play make the management of oil and

a TaKXKe CYPOBbIE KNNMATUYECKME YCITOBUST OCNTOXHAIOT gas assets more and more complicated. This requires
ynpaBnieHne HedpTerazoBbIMM akTBamm. Heobxoammo optimal technological decisions aimed at eliminating
MPUHATME OMTUMAaSIbHBLIX TEXHOMOMMYECKMX PELLEHWN, risks that influence the effectiveness of management
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DIGITAL OILFIELD

HampaBJ/IEHHbIX HA YCTPaHEHWE PUCKOB, BIINSIOLLIMX
Ha 3 PEKTUBHOCTL YNPaBIEHYECKNX PELLEHNIA.
BbluncnntenbHble MHopMaLUMOHHbIE TEXHOIOTN B
HedbTerazogotbIBaKOLLEN OTPACN Pa3BMBaNIUCGL C
Hadata 1980 r. [1]. K koHLy 2000 r. oHM NpeBpaTuInCh
B KOMMJIEKC OTAEMbHbIX MPOrpamMmM no MOAENNPOBAHMIO
nnacta, TPybonpoBOAHOW CETU, MYHKTOB NMOArOTOBKM
HedO TV 1 rasa, pacyeta (PUHAHCOBO-3KOHOMUYECKOM
MOOEeN M akTuBa. OBOJIFOLMS MPOMbBICIOBbBIX LIMPOBbLIX
TEXHOOMIN MPONCX0AMAa OT MPOCTOrO K CIOMXHOMY:
OT U3MEPEHUI, YHETa, aHaIM3a 1 arpervpoBaHns
MPOMbICSIOBbIX JaHHbIX [0 aHA/UTUYECKIX CUCTEM,
peLLaroLLyX 3a4a4M B MacLLTabe MeCTOPOXXAEHNN,
0bbeaVHEHHBIX EAMHON CETLIO cHopa.

C Havana XX Beka 1 Mo HaCTOsLIEE BPEMS MNaBHbIM
hakTopoM obecnedeHnst MPopbIBa C TOUKM 3PEHNS
noncka onTUMasbHbIX PELLEHNIA B 061acTh paspaboTku U
aKCMyaTaumm MECTOPOXAEHWUI CTAHOBUTCS YCKOPEHWE
06paboTKM JaHHbIX N YCTOMYMBOE OOOCHOBAHME
PELLEHNANYTEM MPUMEHEHNST HTENNEKTYaNbHbIX
TexHoormi [2]. Takme KOMMbOTEPHbIE MH(DOPMALOHHBbIE
CUCTEMbI MO3BOSIAKOT 06ECNEUNTL aBTOMATU3ALMIO
cbopa, huneTpaumn, XpaHeHs 1 06paboTKN OaHHbIX,
onucaTtb OU3NYECKME NPOLIECCHI, MPOrHO3MPOBATb
000bI4y Yr1eBOOOPOA0B 1 BU3ya/M3MPOBaTh KITKOYEBLIE
napamMeTpbl A1 yNpaBaeH4YecKmx peLleHuin. OCHOBHbIMIA
3aa4amu NMpu Co3aaHnM Taknx CUCTEM SBNSIOTCS
KOHTPOJIb BOMBLLIOIO MaccrBa HeTEMPOMBICIOBOM
NHdOPMaLMM, Ka4eCcTBeHHas ee 0bpaboTka n
OTOBPaKEHNE B OOCTYNHOM ANst BOCOPUATUS hOPME.

B nepropg ¢ 2003r.BegyLume HedpTerazoBble KOMMaHUM
N NX HAy4YHO-UCCeNoBaTENbCKME LIEHTPbI HA4an
paspabaTbiBaTh LUNPOKNIA CMIEKTP HOBbIX METOOOB
MHOPMALIMOHHOIO YNPaBAEHUST MECTOPOXAEHUSAMM [3].

TexHonornsg HOBOIro NOKOJIEHWS, OCHOBaHHas Ha
BHEOPEHNN KOMMIEKCA annapaTHbIX, TEXHNHECKMX U
MPOrpaMMHbIX CPEACTB B MPOU3BOACTBEHHbIE MPOLECChI
HedTerazogobbIBAIOLLIX MPEANPUATUN, Noy4Ynna
pas3NnyHble Ha3BaHVA U KOHMUIypaLmio 31EMEHTOB,
BXOOSLLMX B ee cucTemy (tabn. 1).

Kapkpast KoMnaHusl oaeT cobCTBEHHOe onpenesieHe
TEXHOIOTNM UCXOOs U3 MOHUMaHUSA HEOBXOOVMbIX B
JAHHBIA MOMEHT METOO0B PELLEHNS MPON3BOACTBEHHbIX
3agad. B nutepaTypHbIX UCTOYHMKaX NPYBOOUTCS
MHOXXECTBO orpeaeneHni, B VX Yicre:

® VHTENNEKTYaSIbHOE MECTOPOXXAEHME — 3TO ANHAMMYECKas
cucTemMa B3aMOCBSI3aHHbIX TEXHOIOMIN 1 BUSHEC-
MPOLIECCOB, OOECMEYNBAIOLLVIX MOBbILLEHNE
SKOHOMUHYECKOW 3PDEKTVBHOCTU BCEX SNEMEHTOB
NPOM3BOACTBA 1 yNpaBieHNst HepbTera3osbiM
aKTVBOM [4, 5];
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decisions. Computer-based information technologies
supporting the oil and gas industry have been on the

rise since the beginning of 1980 [1]. By the end of 2000,
they had evolved into an array of individual software tools
used for modeling reservoirs, piping networks, and oil
and gas treatment facilities, as well as for financial and
economic modeling of assets. The evolution of digital field
technologies proceeded from simple to complex: from
measurements, recording, analysis, and aggregation of
field data to analytical systems that solve problems across
the entire field, being linked together by a unified data
gathering network.

From the early 20th century to the present time, the

two factors that have gained principal importance for
ensuring breakthrough advances in finding optimal field
development and operation solutions are the acceleration
of data processing and the evaluation of sustainable
feasibility of solutions through intelligent technologies [2].
Such computer information systems make it possible to
automate the collection, filtering, storage, and processing
of data, to describe the physical processes at work, to

Komnanusa TexHosnorusa
Company Technology

YMHOE MecTopoXXaeHne

Shell Smart Field
VHTennekTyansHoe MECTOPOXAEHNE
Chevron S
i — field
BP MecTopoxaeHne byayLiero
Field of the future
Petoro YMHble onepauumn

Smart Operations

WHTerprpoBaHHble onepaummn —

Statoil Hydro Integrated Operations

YnpagneHvie B pexumMe peasibHoro

Halliburton BpemeHu — Real Time Operations

YMHbIE CKBa>XXMHbI

Schlumberger Smart Wells

MpaBnnbHbIN APUMDT NN NpaBUIbHOE

o HanpasneHwue — eDrift
Lincbposoe HebTAHOE MeCcTOpOXXaEHNE
DOFF (CERA) 6ynywero — Digital oil field of the future
OnTMM3aums UHTENNEKTyanbHOro
- MECTOPOXAEHVS N YAANEHHOE ynpaBeHve
Qe EEll Intelligent Field Optimisation
and Remote Management/INFORM
VHTerpmpoBaHHas Mogenb ynpasneHus
IAQM, ADCO aKkTMBaMm

Integrated Asset Operation Model

[a3npom HedTb LincbpoBoe mectopoxxkaeHve

Gazprom Neft Digital Field
JNIYKOWN ViHTennekTyansHOe MeCcTopoXXaeHve
LUKOIL Intelligent Field

Tabnuua 1. - Table 1.
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® |INhpOBOE MECTOPOXKAEHNE — 3TO NPOrPaMMHOE
obecreveHne, BKoYaroLlee Habop NPUIOXKEHWIA,
KOTOPbIE NO3BONSAOT ONMChIBATL NOBEASHME
MECTOPOXAEHUST HA KOMMbIOTEPE [6];

® VHTENNEKTyalbHOE MECTOPOXKAEHNE — 3TO
dhopMMpoBaHMEe AOMOHUTESIBHON LIEHHOCTM
HepTerasoBoro akTiBa nyTeM co3aanHus umknia coopa
OaHHbIX, MOOENMPOBaHIS, MPUHATUS PELLEHUIA U UX
WNCMONHeHNs [7];

® VHTENNEKTYasIbHOE MECTOPOXXAEHNE — STO CUCTEMA
OMNepPaTUBHOIO YNpaBieHns HedyTerasoBbIM
MPOMBICIOM, BKJKOHatoLLas Habop B3HeC-NpPOLECCOB,
HanpaB/IEHHbIX Ha OMNTUMM3ALINIO A00bIHM
1 CoKpalleHne (MHAHCOBbIX MOTEPb MyTEM
CBOEBPEMEHHOMO BbISIBNIEHNSI MPOGIEM 1 BbICTPOrO
MPUHATUS PELLEHNIA MHOrONPOMUIBHBIMK FRyNNamm
Ha OCHOBE [aHHbIX, MONYYEHHbIX B PEXMME PEASTbHOMO
BpemeHru [8].

Tem He MeHee TOYHOro OnpPeaeneHnsl, OTPaKAIOLLIErO
CyTb TEXHOMIOMMM, ELLE HE CYLLIECTBYET, TaK Kak

ero vaeanbHas apxUTeKTypa Ao/PKHa 06ecnevnTb
MOSIB/IEHNE NCKYCCTBEHHBIX UHTENNEKTYANIbHbBIX CUCTEM,
YTO MOKa He NPeaCcTaBISETCS BOSMOXHbIM, OHaKo
COBPEMEHHOE Pa3BUTVE NMHDOPMALMOHHBIX TEXHOJIOTUIN U
BbICOKOTEXHOTOMMYHOrO 060PYA0BaHNSA CO3AAET YCOBUS
0N KUOEPHETNHECKOrO YNpaBieHNs OTAEIbHbIMA
3/IEMEHTaMN MECTOPOXAEHNS. B HacTosLLEee Bpems
pPacnpOCTPaHeHNe NOYYNIN Takne CUCTEMBI, Kak
NHTENNEKTyaslbHas CKBaXKMHA, NHTEIEKTYaTbHbIN
HedTeNpPOMBbICES, UHTErPUPOBAHHOE MOOEIMPOBaHNE

N MHTErPUPOBAHHOE MIaHMPOBaHNE paboT.
VIHTennekTyanbHOE MECTOPOXXAEHVE JO/MKHO ObiThb
OCHaLLEeHO MporpaMMHbIM 06ecneYeHeM, OTBEHAOLLIM
HOBeLLMM paspadoTkaMm B cdhepe NHAOPMaLMOHHBLIX
TEXHONOMI.

AP DHEKTNBHOCTL LIMGPOBOrO MECTOPOXAEHNS

KaK COBOKYMHOCTU VHTENNEKTYalbHbIX CUCTEM
00YyCIOBIMBAETCS TECHOW NHTErpaLImen

B MPOW3BOACTBEHHbIE BU3HEC-MPOLIECCHI
NHTENNEKTYalbHOro 060pYyA0BaHUS U aHATUTUHECKNX
NHMOOPMALMOHHBIX MPOOYKTOB, KOTOPbIE MPW BbISBISHUM
OTKJIOHEHW OT HOPMbI AT PEKOMEHOALMN MO
NCKJTOHEHNIO BOSMOXKHOMO pricka. KayecTBo Takmx
peLLeHnn 0becne4nBaeTcst COBMELLIEHVEM ONepaTyBHbIX
[JaHHbIX MO BCEM CUCTEMaM MECTOPOXXOEHNS C
VNHTErPUPOBaHHOW MOAEBIO aKTUBa, JOMONHEHHOW
pacyeTHbIMM BUONOTEKAMM, MO3BONSIOLLMMM MPOBOAUTL
aHaM3 TEXHONOMMYECKOM CUCTEMBI U BblOaBaTb
crneupanmcTam npeasioXeH s rno onTUMn3aLmn n
NOTEHLMaSIbHO BO3MOXXHbIM MOTEPSIM B BYayLLEM
(NpoakTnBHas 3awwmTa). B ycnoBusix oTCyTCTBUSA
LUMDPOBBIX CUCTEM YNPABNEHNST MECTOPOXKOEHNEM
NHhopMaLMS COBUPaeTCs U CMOMb3YETCA NOCNe
BO3HUKHOBEHWSA CODbITUSA, HO B 3TOM Clydae npobnema
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predict hydrocarbon production, and to visualize the

key parameters for management decisions. The main
challenges that come in the way of those designing such
systems are how to control large pools of oil-field data
and to ensure high-quality processing and intelligible
visualization of the same.

From 2003, leading oil and gas companies and their
research centers got busy developing a wide range of new
methods for field information management [3].

The new-gen technology based on integrating a
combination of hardware and software tools into the
production processes of oil and gas companies has been
given various names and has had its elements configured
in a variety of ways (see Table 1).

Each company comes up with its own definition of this
technology based on an understanding of its current
needs for methods of solving production problems. The
literature offers many definitions of this concept, including
the following:

¢ an intelligent field is a dynamic system of interconnected
technologies and business processes that ensure an
increase in the economic efficiency of all the elements of
production and management of oil and gas assets [4, 5];

e adigital field is a software package that comprises a
suite of applications making it possible to describe the
field behavior on a computer [6];

e an intelligent field is a process of generating added
value in oil and gas assets by creating a cycle of
data collection, modeling, decision-making and related
performance [7];

e an intelligent field is a system of oil and gas field
operations management, which includes a set of
business processes aimed at optimizing production
and reducing financial losses by timely identification of
problems and rapid decision-making by multidisciplinary
teams based on data obtained in real time [8].

Nevertheless, a precise definition that would highlight

the essence of this technology does not yet exist, since
its ideal architecture must provide for the emergence of
artificial intelligent systems, which is not yet possible.
However, some modern developments in information
technology and high-tech equipment create the conditions
for exercising cybernetic control over individual elements
of the field. One recent trend is the widespread use of
systems known as the Smart Well, the Smart Oil Field,
Integrated Modeling, Integrated Activity Planning, etc.
The intelligent field should be equipped with software that
conforms to cutting-edge developments in information
technology.

The effectiveness of the digital field, as a combination
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Crparterusa

Strategy

TakTnka

Tactics

Onepauun

Operations

PeLueHve npuHsTO € onosgaHnem
The decision was made too late

30Ha NoKpbITUA LMAOPOBbIX MHGOOPMALIMOHHbIX
TEXHOJIOTM yrNpaB/ieHNs MECTOPOXXOEHNEM
Area covered by the digital information technologies

used for field management

logpl

Mecsubl
Months

Hepenn

Years Weeks

Bo3amoxxHocTn

YNyHLWEHbI
The opportunities
have been missed
OHn Yacbl MuHyTbI
Days Hours Minutes

’i H . H .
Puc. 1. CpoK »u3HW YNPexxaatoLLyx AeNCTBUR MO NPeaoTBPALLEHNIO NMOABIEHS OC/IOXHEHUIA

Fig 1. Lifespans of proactive measures taken to prevent complications

y>Ke CyLLIeCTBYET, a C/leloBaTe/IbHO, MOSBASIETCS PUCK
OCJTOXXHEHMS B paboTe MecTopoxxaeHus (puc. 1) [9].

NMHTErPNPOBAHHAA MOLOEJb
MECTOPO>XOEHUA

TexHoNnorvs «UMdpPoBOro MECTOPOXXOEHUS» CBA3bIBAET
BOEOMHO BCE 3Tarbl MPOMbILLNIEHHOrO OCBOEHMUS aKTuBa.
S0pOM TEXHOIOTUM SBNSIETCS MHTErpupoBaHHas Moae b
mecTopoxaeHus (VIMM), B noeanbHOM BapuaHTe
VIMEOLLIast afTropUTMbI MOSTYyHEHMS 1 06paboTKM

OaHHbIX yaaneHHbIX CUCTEM KOHTPOJS pas3padoTKy
MecTopoxaeHus. VIMM BKItOHaeT maTeMaTU4ecKme
Modenu nnacta, hatonaoB, CKBaXKVH, HA3EMHOM
VMHDPaCTPYKTYPbl MECTOPOXAEHWNS, MOCTPOEHHbIE HA
OCHOBE BCEX MMEILLIMXCSA AaHHBIX MO MECTOPOXAEHNIO.
VIMM no3BONSET MHTEMPUPOBATL MOOEIN CKBXKMH 1
cucTeMbl cbopa ¢ Bonee KpynHbIMUM MOAENsIMU MiacTa v
0B6BEKTOB, a TakKe MPOBOANTL aKTyanMaauuio Moaev B
pexurMe peasibHoro BpemeHn. Ha ocHose VIMM MOXHO
MPOBECTV aBTOMaTU3aLMIO NPOLECCOB KOHTPONS/
MOHUTOPUHIa, MPOrHO3MPOBaHNSA PaboTbl KaxKOoW 13
COCTaBSOLLMX CUCTEM MECTOPOXOEHNS C YCTPaHEHNEM
TPYOOEMKMX BbIMNOSHIAEMbIX BPY4YHYHO NPOLIECCOB.

Lenbto noctpoeHunsa VMIMM saBnsieTca NoBbILLEHWE

3 HEKTUBHOCTY HE TONBKO KavKO0W OTAENbHO B3ATOM
CNCTEMbI, HO 1 BCEro aKTiBa B LIESIOM C YYETOM
B3aUMOBNNSHNA cnucTeM. VIMM gaet BOSMOXXHOCTb
AOEKBATHO OLIEHNTb TEKYLLEE COCTOSHME PabOTbl CUCTEM,
3apaHee yBNOETb BO3MOXXHbIE MPOBAEMbI U MPEaIOKNTb
MEPOMPUATUS MO X MPEAOTBPALLEHNIO.

VIMM HepaspbIBHO CBSA3aHa C MOHATUEM
VHTEMPUPOBAHHOIO MPOEKTUPOBaHMS, KOTOPOE
nosiBuIoCh B 60-e roabl XX Beka 1 npeaHa3Ha4aiocb
r1aBHbIM 0BPA30OM 151 KOMMIEKCHOM OMTUMM3aLMN
MPOLIECCOB aKCMlyaTaumm CKBaXKMH W paboTbl HA3EMHbIX
YCTaHOBOK, HACOCHO ro 0B0PYAOBaHNS 1 OPYIAX
0B6BEKTOB MPU MOAENMPOBaHUN pPa3paboTKX HEPTAHBIX
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of intelligent systems, is due to the close integration

of intelligent equipment and analytical information
products into production business processes, such that,
whenever an abnormality is detected, those integrated
solutions will provide recommmendations for eliminating
possible risk. The quality of such solutions is ensured by
combining operational data for all the field’s systems with
an integrated asset model supplemented by analytical
libraries, which will enable experts to analyze a particular
process system and will issue suggestions on how they
can optimize it and what losses it can sustain in the
future (proactive protection). In the absence of digital
field management systems, information is collected

and used after an event has occurred, i. e. when the
problem already exists, which means that trouble-free field
operations may be at risk, and complications may arise
(see Fig. 1) [9].

INTEGRATED FIELD MODEL

The Digital Field technology binds together all the stages
of commercial exploitation of an asset. At the core of this
technology is an Integrated Field Model (IFM), ideally one
possessing algorithms for receiving and processing data
from remote field development control systems. An IFM
will include mathematical models of the reservoir, fluids,
wells, and surface facilities of the field, all constructed
based on the totality of field data available. An IFM
makes it possible to integrate models of the well and its
gathering system with larger models of the reservoir and
field facilities, as well as to update the model in real time.
Based on an IFM, you can automate your surveillance/
monitoring processes and predict the operation situation
for each component of the field’s systems while avoiding
laborious, manually-intensive processes. An IFM is
constructed with a view to increasing the effectiveness of
each individual system as well as of the asset as a whole,
considering the way its systems affect each other. An IFM
provides an opportunity to reasonably assess the current
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MporpammHoe
KomnaHus MecTopoxxgeHue T ENENE YnpaBneH4yeckue peLueHus MpumeyaHvne
Company Field o Management decisions Notes
BypeHune ropn3oHTasbHbIX CKBaXXWH C
60NbLLOW ONIMHON FOPU3OHTASIBHOMO
CTBOA; MCMOMb30BaHNE COBPEMEHHBIX
TEXHOMOMIA 3aKaHYNBaHUSI CKBaXKWH OnNTUMM3aLmMs 0BLLMX
MAO «HK Cesepo- [N19 orpaHnyeHns BbiHOCa necka. KanuTasbHbIX BIOXEHUIA,
Komcomonbckoe, Ha6op MaKpoCoB B ONTUMN3aLMS! U CHXEHIE CTOUMOCTU | \/po i iionie NPNGBLLN Goree
«PocHeTb» 6 nK cpene MS Excel nHpacTpykTypbl. CoBMECTHas! v o
. 06bekT MK, yem Ha 20%
Rosneft Ol Company Severo- Aset of macrosin | OBblua 1 peanuaauna HedTv 1 rasa Optimizing total capital
PJSC Komsomolskoye Field, MS Excel Drilling horizontal wells with long P 'T'Z'ngt otal capia fits b
PK laver horizontal sections; using modern Investments, increasing protits by
had completion technologies to limit sand more than 20%
production. Optimizing the infrastructure
and reducing its cost. Combining
production and sale of oil and gas
OnTuMmsauws rpacdrka 6ypeHms no HocTurHyT nnaHoBbI Npodub
YpeHrorckoe nnacTtam n ctabunmnsaums npouns [06b14n. CKOPPEKTMPOBaHbI
ra3okoHpeHcaTHoe, A06bI4M MyTem BypeHust §0ﬂbl-U0F0 AaTbl BBOAA KOMMPECCOPHOMN
yrcna CKBaXXVH B paHHWI nepuog,
«PocHedpTb» s (Prosper, GAP, rasokoHOeHcaTa B TpybonpoBoaax
Rosneft Oil Company | Urengoiskoye Gas | pesolve), HYSYS,  Optimizing the driling schedule by TPyGonpoBoaos
PJSC gnd ConQensate ECLIPSE reservoir and stabilizing the production Ach|eveq the pllannedl
Field, Achimov gas profile by driling a large number of production profile. Adjusted
formations: Ach, ,, wells in the early period. Identifying the the commissioning date for the
Achb locations of gas condensate pockets in compressor station. Identified
the pipelines problem areas in the pipelines
YMeHbLUEHVE METANNTOEMKOCTU
YMeHbLUeHVe anameTpos Tpyo cuctembl cbopa Ha 40% no
ceTeli cbopa 1 1x obLuero ymucna CpaBHEHWIO TPaaNLMOHHbLIM
3a cyeT co3aaHns napannienbHbIX noAxoA0M K MPOEeKTUPOBaHMIO
. TPaHCMOPTHbIX JINHWIA C (Mpw1 coxpaHeHun NponycKHon
tOxHo-TamGeiickoe INTERSECT BO3MOXHOCThIO MEPeK/TioYeHMs CrMOCOGHOCTY CETH).
MAO «HOBAT3K~ | rasokoHpeHcaTHoe PIPESIM. ECLIPSE | K@HaroB noToka ans oGecrieqenis SkoHomust CAPEX okorno 260
NOVATEK PJSC Yuzhno-Tambeyskoye ’ MOMHOTHI 3arpy3Ku CETH mnH. gonn. CLUA
Gas and Condensate Reducing the diameters and the Reducing the metal consumption
Field total number of pipes comprising the of the gathering system by 40%
gathering network by creating parallel compared to the traditional
transport lines that support switching design approach (while
across flow channels to ensure the maintaining the network’s flow
network is fully loaded capacity). CAPEX savings of
about US$ 260 million

Tabnuua 2. - Table 2.

mecTopoxaeHu [10]. CerogHst OHO a(hHEKTNBHO
[ONoSHAeTCs MHCTpyMeHTamn VIMM — nporpammamu,
06BEAVHAOLIMMM BCE KITKOYEBBIE ONCLIMNNNHBI aKTUBa
(reonorus, paspaboTka, BypeHmE 1 3aKkaHYBaHNE
CKBaYKWH, HehTeaobbiua, 0DYCTPONCTBO, SKOHOMMIKA,
3KOSI0MVIS, aHaNn3 PUCKOB), 419 3hPEKTUBHOMO BU3HEC-
NaHNPOBaHUS 0CBOEHNST MecTopoxxaeHus [11]. VIMM
y>Ke gokazana cBok 3NEKTUBHOCTb MPUMEHEHVS

015 NOOAEPKKU-MPUHATUS PELLEHNIA B POCCUNCKIX
KOMMaHWgx (tabn. 2).

TeMm He MeHee B HaCTOsLLee BpeMsa LLNPOKO
MPUMEHATCA TOJIbKO OTAESIbHblE MHCTPYMEHTDI

operational state of the systems, to foresee possible
issues, and to suggest measures to prevent them.

The concept of IFM is inextricably linked with that of
integrated design, which first emerged in the 1960s, and
whose primary purpose was to ensure comprehensive
optimization of well operation processes while streamlining
the performance of surface installations, pumping
equipment, and other facilities during the modeling

of oil field development [10]. Today, it is effectively
complemented by IFM tools—programs that integrate all
the core disciplines of the asset (geology, development,
drilling and completion, oil production, facilities

reo10ro-rmapoaNHaMmNMYecKoro, HeTENPOMbBICIOBOTO,
3KOHOMWYECKOrO MOAEMPOBAHNSA MECTOPOXKAEHNS.
OHW cTanm HeOTbEMIIEMbIM SNIEMEHTOM MIaHMPOBaHUS
MEPONPUATUI NO pa3paboTke NN oNTUMU3aLmm
PaboTbl HEDTAHBIX U FA30BbIX MECTOPOXAEHNA U
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construction, economics, environmental concerns, risk
analysis) for effective field exploitation planning from the
business point of view [11]. The IFM has already proven
its effectiveness in supporting decision-making in Russian
companies (see Table 2).
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NHCTPYMEHTaMW 0715 pacyeTa TEXHOIOMMYECKMX
nokasaTesien NPOEKTHO-TEXHONMOMMYECKOM
OOKYMEHTaLMN Ha pa3paboTKy MECTOPOXXAEHNN.
OCHOBHbIM HEQOCTATKOM OCTAETCHA OTCYTCTBNE EAMHON
MOAEN MECTOPOXKAEHNS, KOTOpas Obl BK/IKOYa1a BCe
3/1EMEHTbI MHTErPUPOBAHHOIO NAaHMPOBaHNS.

MporpamMmbl Mo reooro-rmapoanuHaMMYECKOMY
mogenmpoBaHuto (I M) XOpOoLLIO ONM1CbIBAKOT OOBEKTHI
pa3paboTKy MaacTa, HO MNPV MOMbITKE KOMMIEKCHOMO
NPVMEHEHWNST 3TUX MPOrPaMM A1 aHaMaa BCEro
MECTOPOXOEHMS BO3HWKAIOT CITOXXHOCTU. 13BECTHO,
HanpvMep, YTO B MPOEKTax paspaboTKn OTAEbHO
B3ATbIX MECTOPOXXAEHUIM OTCYTCTBYET DanaHC Mexay
0B6BEMOM XUOKOCTW, HEOBXOOMMOWM ANs padoTbl
CUCTEMbI MOAAEPXKaHWSA NacToBoro aasnerHus (M0,

N U3/MLLKaMU BOA, HakarnmBaroLLMMINCS B y3ax
CUCTEMbI CO0PA, YTO 3aTPYAHSET NPOEKTMPOBaHWE
0B6BEKTOB HAa3eMHOro obycTponcTea [12]. 310 cBA3aHO
C HECOIrNMacoBaHHOCTLIO MPOEKTOB Pa3paboTKm U
obycTponcTea MectopoxxaeHnsd. OBMeH AaHHbIMM
MeXXay NPOEKTUPYEMbBIMN KOMMOHEHTaMU CUCTEMBI

€CJ/IN U eCTb, TO OCYLLIECTB/ISETCS B BUAE SNEKTPOHHbIX
TabvL, He YYUTbIBAKOLIMX B3ANMOBIUSHMS SNIEMEHTOB
MECTOPOXOEHVS 1 HEONPEOETEHHOCTN UX MapameTpOB.
[PV USMEHEHUN TEXHOSTOMMHECKMX PELLEHUI NN
PEXNMOB 3aKayky 0O6BbEMbI B OAHOW CUCTEME MEHSIOTCS,
HO 3TO HMKaK He OTparkaeTcs Ha APYron, Tak Kak
SNEKTPOHHbIE TabnLbl HE CBA3aHbI C CUCTEMOM.
CyLLEeCTBEHHBIM HEOOCTATKOM TaKOro NpoLiecca SBASeTCS
MOJEMPOBaHNE 3/TEMEHTOB B OAVH €AVHCTBEHHbIN
MOMEHT BPEMEHN, KOTOPOE HEMPUEMSIEMO AN aHasIM3a
CUCTEMbI B OPYror MOMEHT 1 TpebyeT agantaumm K
NCTOPUN Pa3paboTKn. TakuM 0BpasoM, TPAOULMOHHLIN
mMeTof [TOM He MOXET yunTbiBaTb AVHAMUKY
pPas3pPaboTKM MECTOPOXAEHNS (M3MEHeHNe oebuta
CYLLECTBYIOLLEN CKBaXKMHbI B Pe3yNibTaTe OypeHns
HOBbIX CKB2XXWH, YBENNYEHNE A00bIYN HED TN NOCHE
NPOBEAEHUS TE0TOr0-TEXHNYECKX MEPOMPUATIN
(FTM) n gp.). OTcyTcTBre B3anmocessn [TOM ¢
cuctemon cbopa B MaclLTabe MECTOPOXKAEHUST MOXXET
MPUBECTU K 3HAYNTETbHBIM OCIOXKHEHUSM, TaKM Kak
HenpaBW/IbHOE BypeHne MK 3aBbllieHHas/3aHKeHHas
NPON3BOOUTENBHOCTL 0O0PYA0BaHUS.

WHCTPYMEHTbI UHTErPUPOBAHHOMN
MOLOEJIN MECTOPOXOEHUA

[ns Toro 4tobbl UCKIHOYUTL WK CBECTU K MUHUMYMY
OCJIOXKHEHMS B paboTe MECTOPOXXKAEHMS, MOBbICUTH
YCTOMYMBOCTb MPOEKTHOIO PELLIEHNS K MapamMeTpam
HeonpPeaeeHHOCTN HEOBXOOVMO CUHXPOHU3MPOBATL
MPOLIECChI Pa3BUTNSA OOBEKTOB Pa3paboTkm
MECTOPOXOEHNIA U X MHADPACTPYKTYPbI. [JaHHbIN NOAXOA,
MOXET ObITb peann3oBaH ¢ cnonb3oBaHeM VIMM n
TPebyeT POPMMPOBaHUS CNEOYOLLMX KOMMOHEHTOB VIMM
LUMPOBOro MECTOPOXKOEHWIS:

www.rogtecmagazine.com

Today, however, field modeling practice is limited to
individual geo-hydrodynamic, oilfield engineering, and
economic modeling tools, which are used far and wide.
They have become an integral part of planning for oil and
gas field development and performance optimization
activities as well as a toolkit used for the calculation
of process parameters when drafting design and
engineering documents for field development projects.
One major disadvantage here is the lack of a unified
field model, which would include all the elements of
integrated planning.

Geo-hydrodynamic modeling (GHDM) tools are good

at describing a reservoir’'s development targets, but an
attempt to use them comprehensively to analyze the
entire field will cause difficulties. It is known, for example,
that field-specific development projects demonstrate

an imbalance between the fluid volume required for the
operation of the reservoir pressure maintenance (RPM)
system and the excess water accumulated at the nodes
of the gathering system, which makes the design of
surface facilities more complicated [12]. This is due to the
lack of coordination between the development projects
and the facilities construction projects. If ever there is any
data exchange between the system components being
designed, it is maintained in the form of spreadsheets that
do not take into account how individual field elements
affect each other, and how uncertain their parameters are.
When technology solutions or injection modes change,
this will affect the performance figures for one system

but will leave the other one unchanged, because the
spreadsheets are not connected to the system. A material
deficiency of such a process is that the elements are
modeled at one single point in time, which is unacceptable
for analyzing the system at another point and calls for

an adjustment of the inputs for the development history.
Thus, the traditional GHDM method cannot take into
account the dynamics of field development (how the
flow rate changes in an existing well and as a result

of drilling new wells, how oil production increases

after specific well-work activities (“GTM”), etc.). The
lack of interconnection between the GHDM tool and

a field-wide gathering system can lead to significant
complications, such as irregular drilling or overestimated
/ underestimated equipment performance.

INTEGRATED FIELD MODEL TOOLS

In order to eliminate or minimize complications that may
aggravate the field performance and to increase the
sustainability of a design decision against the uncertainties
at work, we must synchronize the processes used

to elaborate the field’s development targets and their
infrastructure. This approach can be implemented using
IFM and requires that the following IFM components be
set up for a digital field:

1) algorithms for collecting, storing, structuring, validating,
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Puc. 2. YnpasneHvie paspaboTKoi 1 aKcrlyaTalmelt LMdpoBOro MECTOPOXKAEHMS Ha OCHOBE VIMM 1 MOZEIN TEXHNKO-OKOHOMUYECKIX

nokasaresien orpaHudeHms [13]

1) anroput™bl cbopa, XpaHeHWs, CTRYKTYPUPOBaHWS,
NPOBEPKM AOCTOBEPHOCTM 1 (DUNbTPaLMM AaHHbIX

0 MECTOPOXOEHUM, MOCTYNAOLLMX U3 PA3NINYHBIX
NCTOYHVIKOB;

2) IHCTPYMEHTbI MOOEMPOBaHNS BCEX 3/IEMEHTOB
VHTEMPUPOBaHHOM CUCTEMbI MecTopOoXXaeHus (I OM,
CKBaXXMHbI, CUCTEMa cbopa, CUCTeEMa NMoaroTOBKY,
3KOHOMUKA);

3) MHTerpaums MeETOA0B NHXEHEPHOMO aHaM3a AaHHbIX
Ha OCHOBE X 006PabOTKKM B MOAENAX C anropuTMamm
NOOAEPXKKN MPUHATUS PELLEHVIS.

[Mon, pa3paboTKom anropUTMOB 0DPadOTKN AaHHbIX
noapa3yMeBaeTcs CO3AaHNe KaHaoB CBsi3v C
TeNEMETPUHECKMM HEPTENPOMBIC/IOBLIMU CUCTEMAMM,
XVMUKO-aHaTUTUHECKMI STabopaTopusmMin, GypoBLIMM
YCTaHOBKaMM 1 ARYIMIMU UCTOYHUKaMM HdopMaLmm

Ha MECTOPOXAEHUN B PEXKMME PEAIbHOIO BPEMEHM.
VIHCTPYMEHT MOLAEMPOBAHNS UHTEMPUPOBAHHOW CUCTEMBI
MECTOPOXXAEHVS 3TO CNeLmMaIM3MpOBaHHOE NPOrpPaMMHOe
obecneyeHne, KOTOPOE NCMOSIB3YETCS CreLvaMcTamm-
aKcnepTamm B 0061aCTh reononin, BypeHns, pa3padoTku,
obycTponcTBa 1 0obblbM B Hay4HO- TEXHUHECKOM

LleHTpe koMnaHun. Ha ocHoBe OHNaH-aaHHbIX 1
cneumananpoBaHHOMO MPOMPaMMHOIr0 0BecneHeHs
cneunanmnctbl cognatoT VIMM 1 aganmypytoT ee K MCTopun
paspaboTku. [danee 06HOBAEHHbIE anemMeHTbl VIMM
[OOMOSHAOTCS BLBNOTEKAMM aNTTOPUTMOB 0DPaBOTKM
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and filtering field data from various sources;

2) tools for modeling all elements of the integrated field
system (GHDM, wells, gathering system, treatment
system, economics);

3) integration of engineering data analysis methods based
on their processing in models with decision support
algorithms.

The development of data processing algorithms means
setting up communication channels to and from oil-field
telemetry systems, chemical analysis laboratories, drilling
rigs, and other information sources present in the field,
and maintaining real-time communications in them. An
integrated field system modeling tool means a specialized
software package that is used by experts specializing in
geology, drilling, development, facilities, and production at the
company’s Research and Engineering Center. Those experts
use the online data and specialized software available to
them to create an IFM and adjust it for the development
history. Next, the updated IFM elements, enhanced with
libraries of information processing algorithms, are used to
help experts in the ail field by following their work in real time
and making suggestions on how to optimize the operating
process parameters of the field systems based on technical
and economic constraint indicators.

IFM tools make it possible to evaluate an asset’s growth
prospects and Rol potential at different points in time.

www.rogtecmagazine.com
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Fig 2. Managing the development and operation of a digital field based on an IFM and a technical and economic constraint indicators model [13]

VMHOPMaLIM 1 B PEXKNME PETBHOIO BPEMEHW BblAAKOT
cneuyanmcTam Ha HehTEMPOMBICTIE MPEANIOXKEHNS MO
OMTYMM3ALIM TEXHONOMMHECKOIO peXKnMa paboTbl CUCTEM
MECTOPOXKAEHVSA HA OCHOBE TEXHUKO-SKOHOMUYECKIX
rokasaTenen orpaHNYeHs.

VHcTpymeHTb! VIMM gatoT BO3MOXKHOCTL OLEHVBATL
NEPCEKTVBbI Pa3BUTUSA aKTUBa 1 «BO3BPaTa MHBECTULIA»
B pasHble MOMeHTbI Bpemerun. [aHHas dyHkupms MIMM
CTaHOBUTCSt 0COBEHHO BOCTPEOOBaHA B YC/IOBUSIX BbICOKOW
BOMATUIBHOCTU LiEHbI Ha HE(Tb. TakM 06pasom,
PE3YNLTATOM BIIOXEHUN B NOCTpoeHme VIMM B cryqae

ee peam3aummn Kak gapa LMdpoBOro MECTOROXKAEHNS
CTaHOBUTCS 0BeCrneqeHme NPO3PaYHOCTI 1 CKOPOCTH
MPUHATUS PELLIEHNIA B XOAE MPOLIECCOB A00bMM HedTw.

s Toro utobbl sapo VIMM upnpoBOro MeCTopOXXaeHNS
3apaboTasio HeOBXOOMMO MPOBECTY TEXHOOMMYECKYHO
TpaHCcdhOopMaLIMIO CYLLIECTBYIOLLMX METOA0B paboThbI
COTPYOHWKOB: OT TEXHUYECKMX CNEUNASINCTOB,
paboTatoLLMX HEMOCPEACTBEHHO Ha MPOMbICE, A0
3KCMEPTOBAHATNTUKOB B HAYYHO-TEXHUYECKOM LIEHTPE
KoMMnaHun. Kpome MoaepHm3aLmm pabourx npoLeccoB,
HeOobX0AMMO YAeNUTbL 0COB0E BHYMaHME MOTUBALLAN
COTPYOHMKOB Ha OCHOBE KJIKOUEBBIX MOKasaTesen

3 PEKTUBHOCTY PabOThbl MECTOPOXAEHNS. VIHTerpaums
KJIOHEBbIX Nokazartenen 3dHEKTUBHOCTU C MOAESbIO
TEXHUKO-3KOHOMUNYECKIX OrPaHYEHNA pexxmnma n
aHaIUTUHECKUMW MHCTPYMeHTamMn VIMM nogroToBku
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This IFM function is becoming especially popular in the
face of high volatility in oil prices. An investment in
IFM construction (if the IFM is correctly implemented
as the core of a digital field) will, thus, help secure
transparency and faster decision-making during oil
production processes.

If we want the IFM core of the digital field to work, we
should transform the technique of how our employees,
from technical specialists working directly in the

field to analysts at the company’s Research and
Engineering Center, do their work. In addition to
modernizing workflows, special attention must be
paid to employee motivation based on the field’s

key performance indicators. By integrating those

key performance indicators with a technical and
economic constraints model to control our operation
modes and with analytical IFM tools to help prepare
management decisions, we will be able to reduce the
risks of financial losses. If an employee takes a personal
interest in achieving the digital field’s key performance
indicators, this will speed up their proactive responses
that will prevent complications from occurring. With
such a system, the IFM becomes a tool for reducing
the geological and technological uncertainty of the
field parameters, and the constraints model with

key performance indicators motivates employees to
thoroughly study the field and search for methods to

increase oil production at the lowest cost (see Fig. 2).
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YNPaBAEHYECKMX PELLIEHUIN BYOET CHIDKATb PUCKM
rHaAHCOBLIX NOTEPb. JTM4Has 3aMHTEPECOBAHHOCTb
COTPYOHMKA B OOCTUXKEHNW KITKOHEBBIX MOKa3aTenen

3 DEKTUBHOCTY LIMDPOBOrO MECTOPOXAEHNS NPUBEAET
K YCKOPEHMIO MOArOTOBKM YNPEXAAKLLErO OENCTBUS

Mo HegoMNyLLEHWIO MOSIBIEHNST OCIOXHEHNS. [1pn Takomn
cucteme VIMM CTaHOBUTCH MHCTPYMEHTOM CHYDKEHMUS
re0I0ro-TEXHONOMMHYECKOM HEONMPEAEEHHOCTU
rnapamMeTpPOB MECTOPOXXAEHUS, a MOAESb OrPaHNYEHNI

C KJTH0YEBBIMM MoKazaTensaMu 9hPEKTVNBHOCTY paboTb!
MOTUBUPYET COTPYOHMKOB K JOCKOHAIbHOMY U3Y4YEHUIO
MECTOPOXAEHNS 1 MOUCKY METOAOB YBENMYEHNSA A0DbIHM
HedTW C HAMEHbLLIMK 3aTpaTtami (puc. 2).

MOLOEJ1b OrPAHUYEHUA

Mogenb OrpaHnyYeHni, U TEXHUKO-3KOHOMUYECKas
MOAENb NnokasaTenen orpaHNYeH, CoeayHEHHas NMo
TOYKaMm orpanHuyeHys ¢ VIMM, No3BONSIET peann3oBaTb
Manbl, CPEOHNA 1 OIVHHBIN LUKSIbl YIPaBAEHUS aKTVBOM
(tabn. 3).

MapameTpbi
Parameters

CONSTRAINTS MODEL

A constraints model, also known as a technical and
economic constraint indicators model, linked to the IFM at
its constraint points, makes it possible to implement the
short, medium, and long-term asset management cycles
(see Table 3).

Short-term cycle— that configures the IFM, is carried
out daily / weekly at the constraint points attributable
to the wells and the oil gathering and treatment system
by monitoring the flow rate and the process mode
configurations of the production equipment. Medium-
term cycle—manages losses and is carried out weekly /
monthly / quarterly at the constraint points attributable
to the reservoir, the wells, and the oil gathering

and treatment system by planning and conducting
well-work activities (GTO), pilot tests, commercial
production activities, RPI optimizations, and reducing
well downtimes. Long-term cycle—manages the
untapped potential of the asset and is carried out

LUvkn / Cycle

HanmeHoBaHne
DencTBusa umkna

MOZENN OrpaHNYeHnn KoHdurypaums
Activity specific to the Configuration
respective constraints

model cycle

YnpaBneHus notepsiMmn
Loss management

manbiii / short-term cpepHui / medium-term BNVHHBIA / long-term

YnpaBneHue HepackpbITbIM NOTEHLMAIOM
Untapped potential management

BpemeHHble pamku E>xenHeBHO/exeHenensHo

E>xeHepnenbHo/exemecsiyHo/

E>xxekBapTanbHo/exerogHo/1 pas B 3 roga

Focus areas for Increasing utilization

reduction of
constraints

eXeKBapTa/lbHO
i Daily / weekl rl nnuall nce in r
Time frame aily / weekly Weekly / monthly / quarterly Quarterly / annually / once in 3 years
Hanpasne+ins YBenuyeHne Ncrosib3oBaHNs
CoKpaLLeHus
orpaHEHN VBENMYEHNE NCHOL30BAHMS 1 gocTynHocTU. CHUXeHVE MoBbILWEeHVEe [OCTYNHOCTN.

HeonpenaeneHHoCcTn
Increasing utilization and availability.
Reducing uncertainty

CHWXeHVe HeonpeaeneHHOCT
Increasing availability. Reducing uncertainty

Touka orpaHnyeHust
KonnekTopa
Reservoir constraint
point

He npumeHnmo
Not applicable

M, ONK, N3, ontumnzauus M4
Well-work activities (GTM), pilot tests,
commercial production, RPM optimizations

MpoekTnpoBaHne HoBOWN/
COBEpPLUEHCTBOBaHNE CTapol CUCTEMBI
pa3paboTku, BypeHre HOBbIX CKBaXKVH,

6ypeHve 60KOBbIX CTBOMOB, MPUMEHEHVE
METOLO0B yBeNMyeHusi HedTeoTaaum
Designing a new development system or
improving the old one, driling new wells,
drilling sidetracks, applying enhanced oil
recovery techniques

Touka orpaHnyeHus
Ha CKBa>KMHax 1 B
cucteme cbopa
Constraint point at
the wells and in the
gathering system

HacTpoiika TexHonorm4eckoro
pexnmMa, KOHTposb gebuta
Process mode setup, flow rate
monitoring

CokpalleHre NPOoCTOeB CKBaXKMWH,
ONTMM3aLUS MEXaHN3MPOBaHHOM [06bIYN
Reducing well downtime, optimizing artificial
lift performance

MoBTOpHOE BypeHue, NepeBof, CKBaXKUH
Ha MexaHV31poBaHHYo JOObIYY,
NOBTOPHOE 3aKaH4YvBaHue
Re-drilling, conversion of wells to artificial
lift applications, re-completion

Touka orpaHn4yeHns B
cucTemMe NoaroToBKU
Constraint point in the
treatment system

KoHTposb paboyero cocTosiHus
obopynoBaHus
Monitoring the working condition
of the equipment

CokpalLieHne HeHy>XHbIX MPOCToeB
TeXHN4eckoe o6Cy>XmBaHve
Reducing unnecessary downtime,
performing maintenance

CTpouUTENLCTBO HOBbIX COOPYXXEHWIA
MOAEepHU3aLMsa CTapbIX
Constructing new facilities,
upgrading old ones

Tabnuua 3. - Table 3.
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Manbih unkn — koHdurypupyeT VIMM, nposoauTcs
EXXEeHEBHO/EeXXeHeETbHO MO TOYKaM OrPaHUYEHS
Ha CKBaXXMHaX, B cucTeMe cbopa 1 NOArOTOBKM
Hed T NyTEM KOHTPOA AebuTa 1 KOHUrypaumm
TEXHOTOMMHYECKOrO pexxMa paboThl SKCMTyaTaLOHHOMO
obopynoBaHus. CpeaHui UMK — ynpaenseT
noTePsSIMU 1 MPOBOAUTCH EXXEHEAETBHO/EXEMECAYHO/
EXEKBAPTAIBHO MO TOYKaM OrPaHUYeHNs Ha KOJINEKTOPE,
CKBaXXMHaX, B cucTeme cbopa 1 MOArOTOBKN HeDTU
nyTeM NAaHMpoBaHWs 1 npoeeaeHns ' TM, onbITHO-
MPOMbIC0BbIX UCMbITaHnia (OI), NPOMBILLNEHHOM
akenayatauum (M13), ontummsauum M0 n cokpalleHns
BPEMEHU MPOCTOS CKBXKMH. [MMHHbBIA LMK — yNpaBiseT
HEePaCKPbITbIM MOTEHLMAIOM aKTuBa I MPOBOANTCS
EXEeKBapTaIbHO/EXe rof, HO OAVH pas B 3 roaa rno
TOYKaM OrpaHNYeHrsl Ha KOINIEKTOPE, CKBaXKMHAX,
B cucTeme cbopa 1 MOArOTOBKN HEDTU NyTeM
MPOEKTUPOBAHNS HOBOW CUCTEMbI Pa3paboTKn, BypeHns
HOBbIX CKB&XXVH, MOBTOPHOMO BypeHus, nepesoa
CKB&XKVH Ha MEXaHN3UPOBaHHYIO 006bIYY, MOBTOPHOIO
3aKaH4Y1BaHWs, CTPOUTEIbCTBA HOBbIX COOPY>KEHUIN U
PEKOHCTPYKUMW/MOAEPHN3ALM CTapbIX.
YacTb cpeaHero 1 MoMHbINA ASIMHHBI UMK MPUHATAS
PELLEHNIN MO ynpaBneHuo akteom B NMAO
«[a3npoM HedTb» PeasIN3yeTCs KOHLEMTYasTbHbIM
MPOEKTUPOBAHNEM rE0IOTUN U Pa3paboTKK
MECTOPOXAeHUM Ha aTanax «OueHka» 1 «Bbibop»
[14]. KntoyeBbIM 9N1EMEHTOM AAHHOM CUCTEMBI
ABMIFAETCS UHTErpaTop, KOTOPbIN 06BbEONHAET MOLYN:
MPOEKTNPOBaHUS bypeHnsa ckaxknH (WellPlanning);
peLLeHNs ONTUMU3ALMOHHBIX 3a4a4 No NNacTy,
CKBaXKMHaM, HaseMHoMy obycTponcTay (ECLIPSE,
PIPESIM, HYSYS); kocT-uHxnHmpuHra (Merak PEEP).
VIHTerpaTop NO3BOISET ONTUMU3MPOBATL MOUCK PELLEHUN
B 0611aCTV pas3padoTky 1 OBYCTPONCTBA MECTOPOXKAEHNI
Ha CTPaTErM4eCKoOM 1 TaKTUHECKOM YPOBHSIX MPUHATYSA
PELLEHUI MO YNPAaBIEHNIO aKTUBOM.

YCTOM4YMBOCTb U PE3YNbTATUBHOCTb MPUMEHEHNSA

VIMM nosiBnsgeTcs B C/ay4Yae CXOOMMOCTY Pe3ybTaToB
MOOEIMPOBaHNA 1 MPOMbIC/IOBbLIX JaHHbIX. B
YCNOBUSX, KOTAa UCXOAHOW MHopMaLmn ans
pacyeToB Ha cTagmsx NpoekTa «OueHka» 1 «Bblibop»
HEAOCTATO4YHO, HEOBXOOMMO YCKOPUTb UTEPALIMOHHBIN
LMKJT KOHLUEMTYaTbHOO MPOEKTUPOBaHNS re0orn

1 pas3padboTKN MeCTopoXXaeHU. OOHaKO YCKOpeHue
npoLecca NPUBEAET K NOTePe NHDOPMaLIMK MO TOYKaMm
orpaHunyeHua VIMM. B aTom cnyyae, ecnv NOOKI0UUTb

Mogenb n
aHanms

Model and
analysis

OonTummzaums
Optimization

C60p OaHHbIX

Data collection

quarterly / annually / once in 3 years at the constraint
points attributable to the reservoir, the wells, and

the oil gathering and treatment system my designing

a new development system, drilling new wells, re-
drilling, converting wells to artificial lift applications,
re-completion, building new facilities and redeveloping/
upgrading new ones.

In Gazprom Neft PJSC, parts of the medium-term cycle
and the entire long-term cycle for asset management
decision-making are implemented via conceptual
field-geology and field-development design at the
Assessment and Selection stages [14]. A key element
of this system is the integrator, which integrates
modules with the following functions: well planning
(WellPlanning); solving optimization problems for

the reservoir, wells, and surface facilities (ECLIPSE,
PIPESIM, HYSYS); cost engineering (Merak PEEP). The
integrator makes it possible to optimize the search for
solutions in field development and facilities construction
at the strategic and tactical levels of asset management
decision-making.

The sustainability and effectiveness of IFM application
are made visible if the simulation results and the field
data converge. Where the source information available
for calculations at the Assessment and Selection stages
of the project is not sufficient, the iteration cycle of the
conceptual field-geology and field-development design
process must be accelerated. However, the acceleration
of the process will result in information losses at IFM
constraint points. In this case, if you link the constraints
model to the conceptual design process, the process
management methodology will remain unchanged

(see Fig. 3), but such an approach will enable you to
make constraint point-specific adjustments to the IFM
integrator settings at any stages of the Assessment

and Selection stages. Here, the integrator will not only
act as integration software linking together individual
conceptual design tool modules but will also become a
tool for managing constraints in an asset.

Each stage of constraint points management will be
implemented with a cycle frequency aimed at boosting oil
production, increasing oil recovery rates, improving NPV
and P, reducing operating costs and uncertainties, and
minimizing risks. Shorter cycle times will speed up the
decision-making process.

YnpasneHuve
MoTEeHLMasiom

Potential
management

YnpasneHuve
norepsMun

Loss management

Otyet no KPI
KPI report

Puc. 3. Linkn npoexkTupoBaHnsi reosiornn 1 paspaboTK MECTOPOXAEHWI (YNPaBIEHNS TOYKOW OrpaHNYEHNSt MO KOJSIIEKTOPY)

B MOOe N orpaHquHMM

Fig 3. Field geology and field development design cycle (reservoir-specific constraint point control cycle) in the constraints model
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B LOPOBOE MECTOPOXIEHNE

MOZEJIb OrPaHNYEHNS K MPOLECCY KOHLEMTYaIbHOro
MPOEKTUPOBAHNS, METOLAOMOMS YNpaBeHVs! MPOLECCOM
OCTaHETCS HEM3MEHHOM (pKC. 3), HO TakoW NoaXoq,
NO3BONUT Ha NMOOLIX aTanax ctagnin «OueHka» 1 «Bblibop»
BHOCUTb KOPPEKTUPOBKM MO TOHYKAMOMPaHUYEHNS
nHTerparopatopa VIMM. B TakoMm cnydae nHTerpatop

— 5TO He TO/BKO NMPorpamMMHoe obecnedeHne, ans
06bEAVHEHNS MOAYIEN MHCTRYMEHTOB KOHLIEMTYaIbHOrO
MPOEKTUNPOBAHMUS, HO U MHCTPYMEHT ynpaBieHs
OrpaHNYeHNSIMU B aKTVBE.

KapkapI aTan ynpaBieHus To4KaMy OrpaHnyeHns dyaoeT
PeanM30BbIBATLCS C HAaCTOTOM LIMK/A, HanpaBieHHOM Ha
MOBbILLEHNE 00ObIYM HETN, YBENNHEHNE KO3 DULIMEHTA
n3BnedvenHns HehTn, nosbieHe NPV 1 Pl, cokpallerme
onepauyvoHHbIX 3aTpaT 1 HEONPEAEEHHOCTEN,
MUHAMM3AUMIO PUCKOB. COKpaLLeHe BPEMEHN LKA
MPVBEOET K YCKOPEHNIO MPOLIECCa MOATOTOBKN PELLEHNIA.

SAKJTIOYEHUE

Bsanmocssab VIMM 1 Lykia ynpaBneHuin To4Kamm
OrpaHN4eHNiA B MOAENN OFPaHNYeHNI ABNSETCS
METOLOIOTMEN MONCKA YCTONYMBOIO PELLEHNS NO
YMPaBAEHMIO aKTUBOM B HEMPEPBIBHOM PEXMME.
[aHHasa MeTogonorns CUHXPOHU3MPYET NPOLECCHI
nosy4eHns, 06paboTK 1 aHanM3a MHopMaLym Nno
ob6beKTam pa3paboTKu 1 PasBUTUS UHAPPACTPYKTYPSI
MECTOPOXOEHWUI, 1 Ba3UPYETCS HA YCKOPEHUM LIMKTIOB
MOJTYHEHNST UCXOOHBIX AaHHbIX MO TOYKaM OrpaHNHeHM
3a CHET NMPUMEHEHVIA MPOrPaMMHO-annapaTHbIX CPEACTB
1N anropUTMOB B NMPOM3BOACTBEHHbIX MPOLECCax

MAO «["asnpom HedbTb». B pesynbTtate nprumMeHeHus
YCKOPEHHOIO 1 CTPYKTYPUPOBAHHOIO MO TOYKaM
orpaHudeHnn VIMM npouecca NOAAER > KKN MPUHSATAS
peLLeHNA B BUOE MOLENN OrpaHNYeHNA NOBbILLIAETCS
3KOHOMUYECKas LIEHHOCTb aKTuBa.
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CONCLUSION

The relationship between the IFM and the constraint
points management cycle in the constraints model is a
continuous-action methodology for finding sustainable asset
management solutions. This methodology synchronizes
the processes of obtaining, processing, and analyzing
information on field-development and infrastructure-
building targets and is based on an acceleration of cycles
of constraint point-specific input data acquisition through
the use of software and hardware tools and algorithms in
Gazprom Neft’s production processes. Applying such an
accelerated decision-making process, structured using the
IFM constraint points, in the form of a constraints model
results in increased economic value of the asset.
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