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ntegrated simulation is one of the key elements of a digital field. It makes

it possible to integrate separate models of production chain facilities,

assess their mutual effect and create a complex mathematical represen-
tation of ongoing processes. However, generation of graphs and summary
data is just the first step toward efficient field management. It is important
to correctly interpret calculation results in order to understand the essence
of the problem, and timely make proper decisions.

Today, many leading companies involved in development of industry
software — such as Schlumberger, Roxar, Petroleum Experts and oth-
ers — have tools for integrated simulation in their portfolio. These prod-
ucts are platforms for fulfilment of complex mathematical calculations. At
the field development planning stage they make it possible to plan bringing
on stream new wells, select optimal well designs and modes of operation,
design pipelines and oil treatment facilities, pick downhole and compres-
sor equipment and analyze the system’s total throughout capacity. At the
development stage, these systems provide monitoring of well flow rates
and optimization of operating practices of the wells, systems of well prod-
uct transportation and formation pressure sustainment, enable scheduling
of current administrative and technical operations and well interventions,
including well recompletion or or abandonment.

The world’s leading oil and gas producers already apply integrated
simulation methods and their assessments prove the efficiency of such
approach. For example, BP’s official data suggest that the implementation
of the “digital field” program, with integrated simulation as one of its chief
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HTErpUpPOBAHHOE MOLENMPOBAHINE — OfIMH 13 KIHO4EBbIX 3/1EMEHTOB LMApo-

BOr0 MecTopoXzeHus. OHO NO3BONSET CBA3ATb BOEAUHO OTAENbHbIE MOLENN

06bEKTOB LiENno4KM [06bI4M, OLEHUTL VX B3aUMHOE BIIUSHIE 1 CO3[ATb KOM-
MEKCHOe MaTemMaTu4eckoe NpeLCTasneHe NPOMCXOAALLNX NpoLeccoB. Ho nonyye-
HUe rpacpuKoB 1 CBOAHBIX JaHHbIX — MWLLb NEPBbIN LUar K 3)(DEKTUBHOMY Yrpas-
JIEHWIO MECTOPOXAEHNEM. BaXHO NpaBuUibHO UHTEPNPETPOBATL Pe3ymbTaThbl pac-
YETOB, YTOObI MOHATb CYTb MPOGIEMbI 1 CBOEBPEMEHHO MPUHSATL BEPHbIE PELLEHIS.

Ceiyac MHOrve BeflyLiMe KOMMaHUN-pa3paboTynkm otpacnesoro MO (Takue,
Hanpumep, Kak Schlumberger, Roxar, Petroleum Experts n mpyrue) umerr B
CBOEM NopTgene MHCTPYMEHTbI MHTErPUPOBAHHOMO MOJENMPOBAHMA. ITU NPo-
LyKTbl NPEACTABASAOT CO60A NNaTdopmbl AN BbINONHEHNS CNOXHBIX MaTeMa-
TUYECKIX PacyeToB. Ha atane NpoeKTUPOBaHIUS MECTOPOXAEHNIA OHW NO3BONSOT
NaH1pOBaTh BBOA HOBbIX CKBAXIH, N0A6MPATb AN1st HUX ONTUMANbHbIE KOHCTPYK-
LMK 1 CNocoBbI 3KCNyaTaLmun, NPOEKTMPOBaTh TPYOONPOBOAHBIA TPAHCMOPT W
06BLEKTbI CUCTEMbI MOLrOTOBKM, NOAGMPATL CKBXKUHHOE W KOMMPECCOPHOE 060-
PYLOBaHWe, aHanM3MpoBaThb 06LLYHO MPOMYCKHY CMOCOBHOCTb CucTeMbl. Ha
Tane paspaboTku Takue CUCTEMbl 06ECMEYMBAIOT MOHUTOPUHT NPOU3BOLANUTENb-
HOCTIA 1 ONTUMW3ALMIO TEXHONOTNYECKIX PEXXMMOB CKBXKIH, CUCTEM TPaHCMopTa
11 NoAAePXaHus NNacToBOr0 AaBNeHNs, NO3BONAKT NIAHMPOBATL CPOKM NPOBELE-
Hua OTM 1 T'TM, B TOM YiCne NepeBoAa 1 INKBINAALIMIA CKBXKIH.

MeTobl MHTErPUPOBAHHOrO MOAENMPOBAHMS YXKE aKTUBHO MPUMEHAIOT Ha
NPaKTUKe BefyLUMe MUPOBbIE HEe(hTEra30f00bIBAIOLLE KOMNAHUN, U UX OLEH-
Kn yoexaanT B aGh(PeKTMBHOCTI TaKoro Noaxoda. Hanpumep, COrnacHo AaH-
HbIM W3 0NY6NKOBAHHOM 0TY4ETHOCTI BP, peanusauns nporpamMmmbl «Lnudposo-
ro MeCTOPOX/EHNs», OHOM M3 BaXKHENLLNX COCTABNSIOLLMX KOTOPOW ABNSET-
CSl MIHTErpUpOBaHHOE MOJENMPOBaHUE, NO3BOMMIA YBENUYUTb CYTOUHbIN 06bEM
[06bl41 HedpTn Ha 2-3%. BHeApeHMe aHanornyHbIX UHCTPYMEHTOB AONOA-
HUTENbHO mpuHecno Shell okono $5 mMnpa goxoda. OugHKa MOTeHLManbHbIX
3(pheKTOB OT BHEAPEHUS NHTErPUPOBAHHOMO MOZAENMPOBAHMS, PACCUUTaHHAs
N0 YCPEeJHEHHbIM pe3yrbTaraMm NpoeKTOB NepeaioBbIX KOMMAHWUI 0Tpacnu, npea-
CTaBfieHa Ha puc. 1.

0JHaKO Hall MHOTONETHWIA ONbIT BHEAPEHUS MOJOBHbIX CUCTEM CBUAETENb-
CTBYET O TOM, YTO MPOYUTATH C NIMCTA MHOMOCTPAHUYHbIE TabnnLb! AP 1 nepe-
HaCbILLEHHbIE UHCDOPMALMEe rpacprKK, UHTEPNPETUPOBATL MONY4EHHBIE Pe3yrb-
TaTbl 1 GbICTPO CAeNaTb NPaBUbHbIE BbIBOAbI HEMPOCTO AAXE KBATU(ULMPOBAH-
HbIM MHXXeHepaM. Kpome TOro, MoZeni HeO6XOAMMO HenpepbIBHO afanTupoBaTh

components, has brought about a 2-3-percent @ Fig. 1 Average results in global application of integrated simulation methods
@ Puc. 1YcpepHeHHbIe pe3ynbTaTbl MUPOBOFO ONbITa NPUMEHEHUs METOf0B MHTErPUPOBAHHOTO

increase of daily oil output. Shell’s implemen-
tation of similar tools has helped the Anglo-
Dutch major rake in an additional $5 billion in
revenue. Assessment of the potential effect

MoaenupoBaHua

stemming from the implementaton o ntgrat-

ed simulation and calculated by the industry
leaders’ average results is shown in Fig. 1.
However, our long-term experience of use of
similar systems shows that it is difficult even
for skilled engineers to comprehend imme-
diately multi-page spreadsheets of numbers
and data-laden diagrams, interpret received
results and quickly make correct conclusions.
Moreover, it’s necessary to provide ceaseless
adjustment of models as new data from pro-
duction systems keep pouring in. And for this
purpose, it is important as much as possible
to automate routine operations on loading and
initial processing of this data. Thus, in order
not to wipe away the value of integrated sim-
ulation, it's necessary to have a powerful and
convenient tool for working with data: on the
one hand, for online collection of initial data to
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be used in calculations, and on the other — for visualization and quick-
look analysis of the calculation results.

Setup of a rapid response expert system is an efficient way of
solving this issue. The basic functionality of this system ensures
monitoring of key indicators characterizing the field status and its
development processes, and also delivery of proactive (anticipato-
ry) signals on potential problems. A more advanced version of the
expert system also includes tools for simulation modeling — capa-
bilities for quick analysis of several various “what if” scenarios and
selection of the optimum method of problem solving or, rather,
problem prevention.

In particular, the AVIST platform — the product of Parma Telecom,
which is part of ITPS Group - is used at the Karakuduk field in
Kazakhstan, operated by LUKOIL Overseas. Automated interfaces
for on-line telemetry data loading from the production systems were
created with the help of this platform, and there was also adjusted
visualization of calculation results by the integrated model and its
separate components, and their publication at the unified manage-
ment portal. Actuality and visualization of data provided by AVIST
facilitate making decisions on optimization of particular elements of
the production chain and the entire field (Fig. 2).

With the help of AVIST, LUKOIL Overseas experts daily analyze
well operation in real-time mode, simulate operating practices tak-
ing into account interaction of system elements (starts and switch-
es) and formation pressure dynamics, perform multiple calculations
of the time for recompleting producer wells into injector wells, iden-
tify “bottlenecks” in the gathering and transportation system, select
downhole pumping equipment, and make short-term forecasts. As a
result, it becomes possible to form the optimum sequence of actions
aimed at maximizing the cumulative output at the field, reduce the
time required to identify loss-occurring zones, and, thanks to proac-
tive monitoring of production equipment operation, the efficiency of
scheduled preventive maintenance increases.

The first results achieved via this approach were unveiled in 2014
at Schlumberger Information Solutions’ annual forum, showcasing
a2012-2014 pilot project at Karakuduk field with a $17 million fore-
cast (and partially achieved already) effect from integrated simulation,
while spending $3.7 million on the project.

Thus, the integrated simulation platform, supplemented by the
AVIST data integration and visualization tools, provided substantial
support to LUKOIL Overseas in making decisions that aim to address
the issues of problem prevention and proactive response, reduc-
tion of capital and operating expenses and the most efficient use of
resources.
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Aggregation and formation

@ Fig. 2 Role and position of the AVIST
platform (a Parma-Telecom (ITPS Group)
product) in the process of the “digital
field” construction

@ Puc. 2 Ponb 1 mecto nnatdpopmbl
AVIST (pa3pa6otka komnanuu «llapma-
Tenekom» (ITPS Group)) B nocTpoeHun
«LN(POBOro MeCTOPOKACHUA»

Visualization and
managerial decision making

C Y4ETOM AaHHBIX, NOCTYNAIOLLMX U3 NPOU3BOA-
CTBEHHbIX CUCTEM. A Ans 3TOT0 BaXHO MaKcu-
ManbHO aBTOMATU3MPOBATL PYTUHHbIE ONepa-
LK 10 3arpysKe 1 NepBu4HOIA 06paboTKe 3TNX
[JaHHbIX. Takum 06pa3om, 4T06bl HE CBECTU «Ha
HET» LIEHHOCTb VHTErpUPOBAHHOI0 MOAENU-
POBAHNS, HY)XXEH MOLUHbINA 1 YOOGHbBIA UHCTPY-
MEHT [ins paboTbl C JaHHbIMU: C OAHOM CTOPO-
Hbl, AN C60PA UCXOAHbIX JaHHbIX [N pacye-
TOB B PEXMME OHIAIMH, a C APYroi — ANS BU3yann3aLmm 1 0nepaTuBHOr0 aHanmuaa
pesynbTaToB pacyeToB.

9hpeKTUBHBLIM CNOCOBOM PeLIEHNs 3TON 3afaqyn SBNSETCA CO3AaHNE IKC-
NePTHOM CUCTeMbl 6bICTPOr0 pearnpoBaHms. bazosas (DYHKLMOHABHOCTb TaKoM
cuCTeMbl 06€CMeYMBaeT MOHUTOPUHI KIHO4EBbIX UHANKATOPOB, XapaKTepuayto-
LLNX COCTOSHINE MECTOPOXK/EHIS 1 MPOLIECChI €ro pa3paboTku, a TaKKe Bblgady
NPOAKTUBHBIX (YNPEXLAIOLLMX) CUTHANOB O NOTEHUMATbHBIX Npo6remax. B 6onee
«MPOABUHYTOM» BapUaHTe 3KCMePTHas CUCTEMA COLEPXKMT eLLUe 1 MHCTPYMEHTa-
PUiA NS UIMUTALMOHHOTO MOAENMPOBAHUS — BO3MOXHOCTM BbICTPO NpOaHANM-
31POBATb HECKOMBbKO Pa3NN4HbIX CLEHAPUEB «4TO ECAN>» 1 BbIOPATh ONTUMAIIb-
HbI CNOCO6 YCTPAHEHMA UK, BEpHee, NPeaoTBPaLLEHNA Npobem.

B yacTHocTu, Ha MecTopoxaeHun «Kapakymyk» B KazaxcraHe, onepatopom
koToporo ssnsetcst «/1YKOI Oepcua», ncnonbayetcs nnatdopma AVIST, co6-
cTBeHHas paspabotka «Mapma-Tenekom» (ITPS Group). C ee NOMOLLbIO CO3[aHbI
ABTOMATU3MPOBAHHbIE MHTEPEICHI Ay ONepaTUBHON 3arpysKit JaHHbIX TeNeme-
TPUW 13 NPOU3BOACTBEHHBIX CUCTEM, @ TAKXE HACTPOEHA BU3yann3auus pesysb-
TaTOB PACYETOB MO UHTErPUPOBAHHON MOAENM 1 ee OTAESbHBIM KOMMOHEHTaM U
nyenuKauns ux Ha eguHOM nopTane ynpasneHus. AKTyanbHOCTb W HarNsAHOCTb
JaHHbIX, npegocTaBnsaembix AVIST, n03BONSIOT NPUHUMATb PELLEHNS MO ONTUMU-
3auUun OTZENbHBIX 31EMEHTOB NPOU3BOLCTBEHHON LIENOYKM 11 BCEro MECTOPOX/e-
HUMA B LIENOM (puc. 2).

C nomotubto AVIST akcnepts! «JIYKOIJT OBepcus» exenHeBHO aHanusu-
pytoT paboTy CKBaXWH B PEXIME PEanbHOr0 BPEMEHM, MOAENMPYIOT TEXHO-
NOTNYECKNE PEXIMbI C Y4ETOM B3aUMOBIIUSAHUI 31EMEHTOB CUCTEMbI (MYCKOB
11 NePEeKTHYeHN) 1 QUHAMUKKM NIACTOBOrO AABNEHUS, NPOBOAAT MHOTOBapU-
AHTHbIE pacyeTbl CPOKOB NepeBoja J06bIBAIOLLMX CKBXMH B HArHeTaTeNbHbIN
(POHL, BbIABNIAOT «y3KIe MecTa» B CUCTEME COOPA M TPAHCMOPTa, No46upaoT
THO, cTpOAT KPaTKOCPOYHbIE MPOrHO3bl. B pesynbTate dhopmupyeTcs onTu-
MasnbHas NOCne0BaTeNbHOCTb MEPONPUATUI AN MaKCUMU3ALMA HAKOMEH-
HOW J06bI4M MO MECTOPOXAEHIIO, COKPALLIAKOTCS CPOKI BbISBNEHNS 06N1acTei
noTepb, a 6narofaps NPOAKTUBHOMY MOHWUTOPUHTY PaboTbl NPOU3BOACTBEH-
HOro 060pyZ0BaHNS NOBbILIAETCA 3PEKTUBHOCTb MIAHOBO-NPeAYNpesu-
TeNbHbIX PEMOHTOB.

MepBble pesynbTaTbl TakOro NoaxoAa Obinn npeactasneHsl B 2014 rogy Ha
exeroaHom ¢opyme Schlumberger Information Solutions — Ha nunoTHOM npo-
eKTe, peanudyemom B 2012—2014 rogax, NporHo3npyemblii (1 yXxe 4acTu4HO
JOCTUTHYTBIN) 3(DAIEKT OT BHELPEHUS UHTErPUPOBAHHOMO MOLENNPOBAHMS Ha
MeCTOpOXAEHMN «Kapakyayk» cocTasun $17 MaH npu 3atpatax $3,7 MiH.

Takum 06pa3om, nnargopma UHTErpyUpPoOBaHHOTO MOZAENNPOBAHUA, LONOM-
HEHHas MHCTPYMEHTAMM UHTErpaLmm 11 Bu3yanuaauumn aaHHbix AVIST, ctana ans
«JIYKOV OBepcu3» MOLLHOI NOSAEPIKKOIN B NPUHATAM PELLEHNIA, OPUEHTUPO-
BaHHbIX Ha NpeaynpexzeHne npo6aem 1 NPoaKTUBHOE pearnpoBaHue, CoKpa-
LLEHNEe KanuTanbHbIX U ONepaLyoHHbIX 3aTpaT U MaKCUManbHO 3¢ (eKTUBHOE
CNOMb30BaHNE PECYPCOB.
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