OTPACJ/IEBO 3AKOH O MPOMbILLNIEHHOW
NMOJIMTUKE NPAMOI0 AENCTBUA ONS

HEdDTEFA30OBOW OTPACIIN - HEOBXOANMOE
YCJNNIOBUE CO3AAHNA OTEHECTBEHHOU
TEXHOJTOMMN «UNDPOBOE MECTOPOXXAEHUE»

B.B. BeTenuH, ovpekTop VIHCTUTYTa CUCTEMHBIX UCCIIeA0BaHN
Poccmmckon akagemMmm Hayk, akageMmk Pocciinckor akageMmk
Hayk, npoceccop, A.d.-M.H., 4neH Mpe3namyma Poccmnckom akaae-
MWW HayK, YneH blopo OTaeneHns HaHOTEXHONOMMI 1 NHOPMa-
LIMOHHbIX TEXHOMIOrMM Poccnmckon akagemmnm Hayk, 1neH CoBeta
AVPeKTOPOB MHCTUTYTOB PAH, YneH HTC BOEHHO-MPOMBILLIEHHOM
komwmccmm npw Mpaeutenscre Poccuiickon Mepepaumm, HneH HTC
OAO «Poccuinckas Kopnopawms HaHOTEXHOMOTMNY, YneH CoBeTa
reHepasibHbIX 1 FIaBHbIX KOHCTPYKTOPOB, BEAYLLUMX YHEHbIX U Cre-
UManMCToB B 0611aCTV BbICOKOTEXHOMOMMYHbIX CEKTOPOB SKOHOMMKMA
npw MNpencenatene Mpasutenscrea Poccnmnckon Mepepalinm, YneH
Poccmickoro HaumoHanbHoro KoMuTeTa no MHAYCTPUANbHOM U Npu-
KfladHOW MaTeMaTuKe, YneH KOHCYbTaTMBHOMO Hay4YHOro COBETa
HekoMMep4eckor opraHm3aumm «oHg, pa3sutus LieHTpa paspa-
6OTKM 1 KOMMEPLIMANI3ALMM HOBBIX TeXHOMOrnin» («CKonKoBO»)
C.T. BonbnuH, 3aBefyoLniA OTAENI0OM MMAPOANHAMNYECKIX
nccnenoBaHUM M MOAENMPOBAHMS B HEPTEra30BOM OTPaCM
(Hay4Ho-mccnenoBateibCKMii MHCTUTYT CUCTEMHBIX UCCEno-
BaHUM PAH), KaHAWOAT TEXHUYECKMX HaYK;

V. B. Betelin, Director of Scientific Research Institute

for System Studlies of Russian academy

of sciences, academician of Russian academy of sciences, professor,
Doctor of Science (Phys.), member of Presidium of Russian academy of
sciences, member of Bureau Department of nanotechnologies and
information technologies of Russian academy of sciences, member of
Council of directors of Russian academy of sciences, member of
Scientific & technical council of armored & industrial commission at the
Government of Russian Federation, member of Scientific & technical
council of ROSNANO, member of Council of general & chief designers,
leadling scientists & specialists in the field of high-tech sectors of economy
at the Chairman of Government of Russian Federation, member

of Russian national committee for industrial & applied mathematics,
member of consult scientific Council of non-commercial organization
«Fund of development of Centre for design & commercialization

of new technologies» («CkosikoBo»),

Sergey G. Volpin, Head of the Department of well tests and
simulation in the oil and gas industry (Scientific Research Institute
for System Studies of RAS), Candidate of Engineering Sciences

B crathe oTMeuaeTcs, YTO COXpaHeHHE KOHTPOJIS HaJ
CEerMeHTOM MHPOBOTO 9HEPTeTHYECKOTO PhIHKA, IOCTATOYHO-
ro /isi 00€ecneyeHus: yCTORUMBOTO COIMATLHO-9KOHOMUYE-
CKOro pa3BuTusa Poccuu B TpeTbeM ThICSUETETHH, SIBISIETCS
KJII0UEBOii cTpaTernyeckoil npotaemoii. Pemmurs 3Ty npo-
Osnemy Ge3 co3/aHUsi COOCTBEHHBIX CYNEPKOMIbBIOTEPHDBIX
TeXHOJIOTHii 9k3a(I0NCHOTO KJIacca HEBO3MOKHO.

Heo0x011uMbIM YCIOBHEM PElIEHHs] 3TOI CTPATErHYeCKOii
npoO6IeMBbI SBJISIETCS CO3/IaHUE IPUHIMNHUAIEHO HOBOH TeX-
HOJIOTUM KOHTPOJISI U YIIPABJIEHUS TIPOLECCAMU Pa3padOTKu
MecTopo:xKAeHui («uudpoBoe MecTOpoOKAEHHE> ), OCHOBAH-

HOH Ha MCIIOJb30BaHUU MMOCTOSHHO OOHOBJISAEMOIL cynep-
KOMHB]OTepHOﬁ reo.noro-mz[pozmHaanecxoﬁ MO/1€eJId MECTO-
POXKA€HU.

Bemenun B.B. / Viadimir B. Betelin

Boavnun C.I. / Sergey G. Volpin

Cosnanue u BHEJIPEHUE TEXHOJIOTUN «HI/I(l)pOBOC MECTOPOKIAECHHUE» IO3BOJIUT oGecneyuTh U3BICYEHUE JOIMOJTHUTEJIbHO HE MEHEE

10-20 mupa. TonH HeTH U3 TPYTHOM3BIEKAEMbIX 3aMaCOB (LEIUKH He(TH, HU3KOIPOHUIAEMbIE IIACTDI, 0a’KEHOBCKAsl CBUTA).

It is mentioned that the key strategic task for Russia in XXI century consists in providing control of such world energy mar-

ket sector, which would be sufficient for stable social-economic development of the country. This problem cannot be solved with-

out working out Russian exa-flops supercomputer technologies.

An indispensable condition for achieving this goal is to work out in Russia the essentially new technology of monitoring and

controlling field development (“Digital field”). “Digital field” technology is based on the continuous upgrading of supercomput-

er geologic-hydrodynamic field model.

Creation and implementation of “Digital field” technology would result in not less than 10 — 20 bln tones of additional oil pro-

duction from resources whose production is problematic (zones with residual oil within flooded parts of oil field, low permeable

layers, Bazen suite).
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KnioueBble cnosa:

undppoBoe MecTopoXaeHue, NnpeackasaTtenbHoe MoaenuposaHue,
norne AaBneHnI, Nose HacbIWeHHOCTU, rmapoauHaMUYeckas
Mopersb, CynepKoMmnbloTepHble TEXHONOrMmn, MHHOBaLIMOHHas
AeATeNbHOCTb, TEXHONOrM4Yeckas KOHKYPEHTOCNOCOOHOCTD.

I. CynepkomnbioTepHbI€ TEXHOJIOTUU — O/IHH
U3 KJII0YEeBbIX ('l)aKTOpOB KOHKypeHTOCHOCO6HOCTI/I
oTeuyecTBeHHO! HedTErazoBoii oTpacin

Cornacuo Konneniun «2020», ctpaTerndeckoil 1eJ1bIo J10JITo-
CPOYHOTO COIUATTbHO-O9KOHOMUYECKOTO pa3BUTHs Poccuu siBJisieT-
Cs1 IOCTUKEeHUE YPOBHS 9KOHOMUYECKOTO U COIIMAILHOTO PA3BUTHS
Haiel crpansl (a, CJeI0BaTeIbHO, U ee PETHOHOB) KaK Beryteit
MupoBoii fiepskaBbl XX Beka, BXoziAIeH B IITEPKY CTPaH-TUIePOB
MHUPOBOTO PbIHKA. JTO, B YaCTHOCTH, 03HadaeT, 4To K 2020 r. 0cHOB-
HbI€ TI0KA3aTeJN OTeYeCTBEHHBIX KOMIIAHUN PeaJbHOTO CeKTopa
skoHomuku Poccuu, u nipeskiie Bcero ee HeTera3oBoii 0Tpaciiu,
Takue Kak BbIpaboTKa Ha 4eJoBeKa, CPeiHss 3apaboTHas IJiaTa,
4rcI0 pabourX MeCT, KOHTPOJIMPYeMasi 0Jisi MUPOBOTO PhIHKA,
JIOJIZKHBI OBITH COM3MEPUMBI ¢ AHAJIOTUYHBIME TOKA3aTeIsIMU KOM-
TAHUIT-JINIEPOB MUPOBOTO PBIHKA.

B nacrostiee Bpemst B CIIIA unteHCMBHO pa3BUBAIOTCS AJIbTEP-
HATUBHBIE TEXHOJIOTUY I00BIYU YITIEBOAOPOIOB U3 HU3KOKAJIOPHIA-
HOTO CBIPbsl, KAKUM SIBJISTIOTCSI CJIAHIIEBBI Ta3, cjaHIeBast He(Th,
OUTYMHHO3HBIE TIECKHU U T.JI., 8 TAK/KE TEXHOJIOTUHU MOJTyYEHUST TOI-
JIMBA U3 9TOTO ChIPb, BKJIIOUas pa3paboTKy peskiuMoB a(pPEKTUBHO-
TO ¥ MaJIOOTXO/IHOTO TOPEHMSI ITOTO TOTINBA B KAMePaX CrOPAHMUSL.

[Tockombky 3amachl HU3KOKAJIOPUHHOTO ChIPbs CYIIIECTBEHHO
TIPEBBIIIAIOT 3ATTACHI BBICOKOKAJIOPUITHOTO U UMEIOTCST TPAKTHYECKHI
BO BCEX CTpaHaX, CO3/aHNe TAKMX TEXHOJOIUI HeM30eKHO TIpIBe-
JIET K CYIIECTBEHHOMY COKPAIIEHUIO 00HEMOB TTOTPebIeH s, a, CJie-
JIOBATEJIbHO, U I0OBIYM BEICOKOKAJIOPUITHOTO CHIPbS B [I0JIb3Y HU3-
KOKaJIOPUIHOTO. [[PyrUMu CJIOBAaMU 9TO TIPUBEIET K MACIITAOHOMY
repe/iesly MUPOBOTO dHEPTETHUYECKOTO PBHIHKA, B MOJIb3Y APYTUX
CTpaH, U CyIECTBEHHOMY CHUIKEHUIO JI0JIU 9TOTO PHIHKA, KOHTPO-
JINPYEMO#T TPaJIUITUOHHBIMU TIOCTABIIIKAMI BBICOKOKAJIOPHITHOTO
YIJIEBOJIOPOTHOTO CHIPHs, BKJIIoUast u Poccuio.

Heo0XoaumMbIM yCI0BHEM COXPaHEHUsT KOHTPOJISA HaJl CErMEeH-
TOM MHPOBOTO 9HEPIETHYECKOTO PIHKA, I0CTATOYHOTO /I obeciiede-
HUSI yCTOMYUBOTO CONUATBHO-3KOHOMUYECKOTO PA3BUTUSI CTPAHBI
SIBJISIETCSI TEXHOJOTUYECKHUI MAPUTET OTEUECTBEHHBIX MTPEIITPUSTIIN
nedTera3oBoit oTpaciiu ¢ uaepamMu MupoBoro peiHka. <I{udposoe
MECTOPOKIAEHUE» — ITO OfIHA U3 KJIIOYEBIX TEXHOJIOTHIA, TpeOyio-
MASICST HTUM TIPEATPUATHUSIM JIJIST TOJJIEP/KAHIS TAKOTO TTapUTeTa.
CyTb 9TO#l TEXHOJIOTUN B HENPEPBIBHOM ITUKJIMYECKOM MPOIECCE
HAKOILIEHVST THPOPMAIIUU OT BCEX JIOCTYITHBIX HCTOUHUKOB U MPE/I-
CKazaTeJIbHOM MOJIEIMPOBAHUH, HA 9TOW OCHOBE, M3MEHEHSI KOH-
dburypanuu noJist AaBAEHUS, TOJISI HACHIIEHHOCTH MECTOPOSKIE-
HUS HA Pa3JINYHBIX IIPOCTPAHCTBEHHBIX YPOBHSIX (CKBAKUHA, TPYTI-
ma CKBasKWH, MECTOPOJK/IeHNE) B pe3yJbTaTe JUHAMUYECKIX
BOB/IEHCTBUIT Pa3IMUHBIX TUIIOB (MEXaHIUYECKHE, TETIOBbIE, XUMI-
yeckue). IIpu 5TOM HEMpepbIBHO A0JIKHA PEIIAThCs 1 0OpaTHAS
3a/1aya — yTOUHEHe TTapaMeTPOB ILJIACTa, €r0 CTPOEHUS 1 SHEPre-
TUKH C 1EJIBI0 BEIOOPa, KOHTPOJIA M aHAJIM3a PE3yJIbTaToOB BO3/ei-
CTBUS JIJIsI TIOJIyYeHUsI 3a/[aHHOM KOH(Urypaluu M0JIs TaBJIEHHIA.
To ecTb, B KOHEUHOM cUeTe, 0OecIIeueHe BO3MOKHOCTH JUHAMUYE-
CKOTO TOJJIEPKAHIS TAKOM KOH(DUTYpAIIUK T10JIsl IaBJIEHHI B T1j1a-
CTe Ha BCEX TIPOCTPAHCTBEHHBIX YPOBHSIX, KOTOPasi B KAJK/IbII MOMEHT
BpeMeHN 06ecIIeyrBaeT MaKCUMaJIbHBIN 0ObeM U3BJIeKaeMoii HedT.

IMTouck onTUMabHOI KOH(GUTYPAIIUHU TT0JIsI IaBJIE€HUH 1acta
BKJIOYAET TPU Tala.
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digital field, predictive modeling, pressure distribution,
saturation distribution, hydrodynamic model,
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I. Supercomputer technologies — one of key factors
for securing a competitiveness of home oil and gas
industry

In accordance with «Concept 2020» - the strategic goal of Russia
social-economic development is to achieve such social-economic level
of the country (and regions as well) which will correspond to its posi-
tion as one of Grate Powers in XXI century, one of five leading coun-
tries on the world market. In particular, this means that by 2020 main
indices of home companies in real sector of economy, first of all, in
oil and gas industry (such as per capita output, average wage, num-
ber of workplaces, part of world market under control) should be
compatible with analogous indices values of leading world compa-
nies.

Nowadays the new technologies are developed intensively for
production and processing of low effective hydrocarbons - such
hydrocarbons as shale gas and oil, tight gas and oil, bitumen
sands, etc., including finding out effective and low waste regimes
of fuel burning in combustor chambers. (Effectiveness of hydro-
carbons is measured by ratio of energy amount received from a
fuel to energy amount spent during its production and develop-
ment).

The low effective crude can be found practically in any country,
and its reserves considerably exceed reserves of high effective ones.
So, the future development of above-mentioned technologies will
inevitably result in significant cutting-off high effective crude con-
sumption and production and in growing of low effective crude
relative contribution. In other words, this will results in dramatic
re-division of the world energy market and in considerable short-
ening of world market sector controlled by traditional high effec-
tive crude suppliers, including Russia.

To have technical parity with foreign world market leaders is
an indispensable condition for home oil and gas producing compa-
nies’ ability to control such world energy market sector, which
would be sufficient for stable Russia social-economic development.

«Digital oil field» is one of key technologies needed by home
companies to achieve and support such parity.

The essence of this technology consists in:

« continuous periodical gathering and accumulating of all infor-
mation from all sources available,

« predictive modeling of pressure and saturation distribu-
tion on the field, based on accumulated information, including:

v’ predictive modeling on different spatial levels (well, group
of wells, whole field),

v' predictive modeling for all planned or realized types of for-
mation stimulation during production (mechanical, thermal, chem-
ical).

Meantime the inverse problem should be continuously solved.
This means — to specify formation structure, parameters and ener-
gy status in order to choose, control and analyze the simulation
results and — as a final goal — to obtain the desirable pressure
and saturation distribution. Finally, the aim is to support in
dynamic manner such pressure and saturation distributions in
the formation, which would provide the desirable production
parameters (rate of production, cumulative production, water
cut, recoverable factor, etc.).




Ha nepBom ararie pemraercst oOpatHast 3ajiada — Ha OCHOBAHUU
MEPBUYHBIX [IaHHBIX (JaBjieHue, TemMueparypa, 1e6ut, 06BOjIHEH-
HOCTb U T.JI.), TTOJIy4aeMbIX oT Tesemerpudeckux cuctem (TMC) B
PaboTAIINIMX CKBAKMHAX, BOCCTAHABIUBAETCS CTPYKTYPA 1 XapakK-
TEPUCTUKH TJIACTA B UX OKPECTHOCTU C PAIUYCOM OT JIECATKOB /10
COTEH METPOB.

[lasee, Ha BTOpOM aTarie, pemaercs npsaMas 3a/1a4a — MOJIeJInpy-
eTcs Tekylas KoOHGUrypamus 1moJs JaBJIeHUs MEeCTOPOXK/ICHUS,
onpeessonas Tekylee 3HadeHue jgedura CKBakuH. Jljist aToro ¢
ITOMOIIBIO CYPPOTaTHBIX MOJIeJIell onpeesseTcs KoHpurypams
110J14 IABJIEHUI B OKPECTHOCTU CKBaKUH. V1 TIepBUYHbBIE JIaHHbIE, 1
pesyJibrarhl UX 06paboOTKU COXPAHSIOTCS B 6a3e JaHHBIX MECTO-
poxzenus. Konduryparys noJis 1aBJaeHUi 711 TPYIITbI CKBAKUH
MOJIyYaeTCs IyTeM «CHIMBAHUSA» KOH(MUTYPAIUil TOJIEH OT/Iesb-
HBIX CKBa)KMH, BXOJSIIUX B IPYIITY, PE3YJIbTAT, KOTOPOTO TaKKe
coxpansieTcst B 6aze JJaHHBIX MECTOPOKIEHST. AHAJIOTMYHBIM 00pa-
30M C IIOMOIIBIO CIIOKHON THAPOJAMHAMIYECKOH Mojesin (hOPMUPY-
eTcs KOH(MUrypanus 1oJid IaBjIeHUil Bcero Mectoposkienus. Ha
OCHOBE 3TUX PE3YJILTATOB KOPPEKTUPYIOTCS Fe0JIOTHYECKast U TH/I-
POAMHAMUYECKAS MOJIEIIH T1J1aCTa.

[TudpoBoe MecToposkIeHNE IPEAIIONATACT HEIIPEPBIBHOE MOJIe-
JINPOBAHME HOBBIX TEXHOJIOTMYECKHX PEIIeHUH 1 OTlepaTUBHOE TIPH-
HSITUE PEIIeHUH 110 YIIPABJIEHUIO IPOLIECCOM Pa3pabOTKU MECTOPOIK-
JICHUS C 1IeJIbIO TTOBbIeHus HedreoTnaun. [Ipu aToM 10smKHO TIpo-
UCXOJIUTD HETIPEPBIBHOE OGHOBJIEHUE FE0JIOTO-THAPOMHAMUYECKOLT
MOJIEJIN MECTOPOXK/IEHUS C YYETOM HEIPEPBIBHOTO MTOCTYILICHUS
HOBOH MH(OPMAIIUY O TJIACTE ¥ CKBAKMHAX M MPOUCXOAAIINX B
HUX IIPOIIeCccax.

Ha 3akirounTesibHOM, TPEThbeM dTalle OTIPE/IesIIeTCsl KOMILIEKC
JIMHAMUYECKUX BO3/EIICTBIN Ha IJIACT, KOTOPbIE IPe00PasyioT TEKY-
11y10 KOHGUTYPAIIUIO [OJISE B TY, KOTOPast 00eCIieynBaeT 3alaHHbII
1eOUT BCEX ero CKBaKUH.

[Tounck Takoit onTUMaIbHOM KOH(MUTYPAIIH CYIIECTBEHHO OCHO-
BBIBACTCS HA TEXHOJIOTUU MHOTOBAPUAHTHOTO TIPE/ICKA3ATEIIBHOTO
MO/JICJINPOBAHUS OTKJIMKA MECTOPOK/ICHHS Ha IMHAMIYECKIE BO3-
JeHCTBUA Ha IJIACT HA BBIYMCJMUTEJNbHBIX CHCTEMax BBICOKOI 1
CBEPXBBICOKOII TPOM3BOINTEILHOCTH. TaK, HalpuMep, 1o OIleHKaM
CIICIMAJNCTOB, BpeMs pacyera OJIHOTO BapHaHTa TEPMOTa30BOIO
BO3/ICICTBUS HA IJIACT [IJIs1 MECTOPOSKICHUS € 3aracamu okoso 30
MJIH. TOHH cocrasiisier 6osiee 4 000 uacos Ha cynep-OBM mnerad-
JIOTICHOTO KJIACCa, YTO OYEBU/THO CBUIETEIBCTBYET O TOM, UTO CyIIep-
KOMIIBIOTEPHBIE TEXHOJIOTHHU SABJISIOTCS OJHIM U3 KJIIOUEBBIX (haK-
TOPOB KOHKYPEHTOCHOCOOHOCTH OTEYeCTBEHHOI HedTerazoBoii
orpacau. [1, 2]

JloCcTOBEPHOCTD PE3yJIbTATOB MOIEANPOBAHUS OTKJIMKA MECTO-
POKICHUS TIPSMO 3aBUCUT KaK OT YHUCJIA CKBAXKIH, B KOTOPBIX yCTa-
HOBJICHBI TeJIEMETPUYECKIE CHCTEMBbI, TAaK U OT TOUHOCTH U3Mepe-
HUA [TOJIYYEHHBIX C UX HOMOIIBIO IEPBUYHBIX JAHHBIX. TaK, /171
[IPOBE/ICHUS THIPOIMHAMUYECKUX UCCIIC/OBAHUI CKBAKITH pPa3pe-
MIAKOIIAs CIIOCOOHOCTD TEJIEMETPUYECKOI CHCTEMbI IIPU U3Mepe-
HUU JiaBjieHust 10JuKHA ObITh He Xyske 0.01 arm. [lanHble o1 Beex 00y-
CTPOEHHBIX CKBAKUMH TTIOCTYTIAIOT B IIEHTP aHAIM3a U MOJIEJIMPOBA-
HUs, B KOTOPOM IIPOU3BOAMTCS BOCCTAHOBJICHUE CTPYKTYPBI U
XapaKTEePUCTHUK IJIACTA: B OKPECTHOCTH KaXK/0NH CKBaKMHBI - C
MHTEPBAJIOM B MECAIL, /LIS TPYIINbI CKBAXKUH — C MHTEPBAJIOM B /1B

Mec4I1a, U JIJIst BCer0 MeCTOPOK/ICHUS — OJIMH Pa3 B KBapTaJl.

Jlyist ypoBHeii CKBaKUHA U IPYIITIA CKBAYKUH PelieHre TTPSIMOT 1
06paTHoil 3a/1auk J0JKHO 00€CIIeYnBATHCS IPOrPAMMHBIM KOM-
IIJIEKCOM, aHAJIOTUYHBIM NIpoykTaM kKomiannn KAIITTA-HK -
HUPWHI:

Finding of such (say, optimal) pressure and saturation distribu-
tions in the formation consists of three stages.

On the first stage the invers problem is sold — structure and
parameters of the formation are determined in the vicinity of pro-
duction wells; investigated zones have radius from dozens to hun-
dreds meters from each well. This is done on the basis of data (tem-
perature, inflow, water cut, etc.), measured in each production well
by telemetric systems.

Further, on the second stage, the direct problem is sold — com-
puter simulation and calculation of current pressure and saturation

distributions, which determine the current inflow value in each
well. In vicinities of production wells this is done by using simpli-
fied, so called, «surrogate» models. Measured data and results of mod-
eling for each well are kept in the full database of the whole field infor-
mation.

Pressure and saturation distributions for group of wells can be
obtained by seaming distributions in the vicinities of wells belong
to group under consideration. These results are also kept in the
full database of the whole field.

Pressure and saturation distributions for the whole field are
found in an analogous manner but by using the complex hydrody-
namic model instead of surrogate one.

Based on these results geological and hydrodynamic models of
the field could be corrected for further analysis.

The «Digital oilfield» concept supposes that for given field pro-
duction control and decision-making are done continuously, includ-
ing on-line simulation of new technological variants. One of the main
goals on this way might be maximization of recoverability factor.
Mandatory part of the approach is the continuous upgrade of oil-
field geological and hydrodynamic models. This upgrade is based on
a continuous flow of information about parameters and processes in
wells and formation.

On the final, third stage necessary stimulations are deter-
mined in order to transform the existing pressure and saturation dis-

tributions to new ones which could provide the desirable produc-
tion parameters. These new distributions can be considered as opti-
mal ones.

Such optimal distributions finding is based to great extent on
the formation response to certain dynamic stimulations. This
response is determined by multi-variant prediction modeling
which needs computer systems of high and ultra-high calculat-
ing capacity. For example, according to some estimates, if <high
pressure air injection» method is applied on the field with recov-
erable proved reserves about 30 mln tones than simulation of one
variant only needs more than 4000 hours on peta-flops super-com-
puter.

This shows that supercomputer technologies are one of key fac-
tors in securing competitiveness of home oil and gas industry [1, 2].

Formation response modeling reliability depends on the number
of wells equipped with telemetric systems and on the accuracy of
measurements. For example, during well-testing the pressure meas-
urements should be provided with the resolution not worse than 0,
01 atm ().

Data from all wells are transferred to a special Center for analy-
sis and modeling. In this Center the structure and parameters of the
formation are evaluated periodically: in the vicinity of each well -
monthly, for group of wells — every two month, for the whole field
— quarterly.

For levels «well» and «group of wells» direct and inverse
problems should be solved by using software not worse than

HedbrelazolMpombicnoBbit UHXKUHUPUHI  CrneupansHbin Boinyck Ne8: UTOIM-2013



Puc. 1. Obpabomxka u ananus Kpusbix usmene-

HusL Oagienusi u 0eOUMa 6 CKEAINCUNE 60 BDEMEHIL.

Fig. 1. Processing and analysis of pressure
and inflow vs. time in investigated well.

CAIIDUP - pemierivie 06paTHOM 3aaurt — MOAYJIb aHAIM3a JaH-
HBIX THPOJAMHAMUYECKUX UCCAe0BaHNI cKkBaxkuH (puc. 1).
Omnpenensiores GUIABTPAIMOHHBIE CBOMICTBA M CTPOEHUE I171ACTA B
OKPECTHOCTHU MCCIIEYeMOI CKBAKUHBI.

TOIIA3 — peruetie 0O6paTHON 3aa4l — MOLYJIb AHAJIM3A U [TPO-
ruosa 106r4u; IIporpaMMHbIIE MOYJIb 03BOJIET 00pabaThiBaTh
JIaHHBIE 110 J0ObIYE CKBAKIH ¥ JAHHBIE O JABJIEHIH, OJTyYeHHbIE
¢ narunkoB tesemerpuu (TMC), ycTaHOBJIEHHBIX Ha IIPUEME
HOTPYKHBIX 9JIEKTPOLIEHTPOOEKHBIX HacocoB (puc. 2). VnTepBai
BpPEMEHU PErvCTPANNU [ABJIEHUsT MOXKET COCTABJSATh MECSIIBI 1
rozbl. [lomyuyaemsle B Tonase pesyJibTaThl XapakTepusyioT CBOi-
CTBa U CTPOEHHE TIJIACTA B MEKCKBAKITHHOM ITPOCTPAHCTBE.

PYBUH - xomiuieKcHbII TPEXMEPHBII TPEX(DA3HBII CUMYJIS-
TOP — TIO3BOJISIET OMEPATUBHO, HO HECKOJIBKO YIIPOIIEHHO PEITaTh
IPSIMYIO 337129y — OTIPE/IEJISTH TT0JIe AABIEHUH, 0JIe HACHIIEHHO-
cTu TIacta HedThIO U APYTHE XaPAKTEPUCTUKU B MPEEax, KaKk
OT/IEJIbHBIX 30H, TaK U BCETO I1JIacTa B 11eJI0M (puc. 3).

AJIMA3 — MojyJib IpeABapuTebHON 00pabOTKY 1 BeIeHMsE
6a3bl JAHHBIX OT JII06OT0 UCTOYHUKA, M 0OeCIIeYeHUs JOCTYIIa, KaK
K UCXOJIHBIM JIAHHBIM, TaK ¥ K Pe3yJIbTaTaM uX 00pabOTKU JApyrumMu
MoyJisivu). [lJist 1ipoBezieHust HOLOOHOTO POJia PACYETOB U BEICHSE
JIOKAJIbHBIX a3 JIaHHBIX, BOOOIIE TOBOPSI, IOCTATOYHO rpaduye-
CKUX pabOYMX CTAHIMU ¥ CEPBEPOB CPEAHEH MPOU3BOAUTENHHO-
CTHU, KOTOPBIE, OIHAKO, IOJIKHBI ObITH UHTErPUPOBAHDI B BBICOKO-
[IPOU3BOAUTEIBHYIO BBIUUCIUTENBHYIO CPELY, 00eCIIeUnBAOILY O
MHOTOBAPUAHTHOE MOJEJUPOBAHNE OTKJIMKA BCETO MECTOPOKIE-
HIISI U BeJleHe T7100a/1bHOI Ga3bl JAHHBIX T€0JIOTHIECKOI U THIPO-
JIMTHAMUYECKOI MOJIe/IN I171acTa.

I1. CynepxomnbiorepHbie Texnosoruu B CIIIA —
pe3yJbrart MHOTOJIETHEel IICJICHal'[paBJIeHHOﬁ nmoja-
JIEPKKH TOCy/IapCcTBa

Komruiekcnast mpo6ieMa co3Manust CyrnepKOMITbIOTEPHBIX TEXHO-

goruii tepa (1012) u neraduioncroro (1015) kiaaccos Oblia B OCHOB-
HoM peirieHa B pamkax [Tporpammbsr ASCI B 1997-2010 rr. OcHoBHas
11eJ1b ATON MPOTPAMMBI — 3aMeHa HATYPHBIX UCTIBITAHWI SIEPHBIX
6oe3apsi/I0B IpejiCKa3aTebHBIM MOJIEJIMPOBaHEM Ha cyrep-OBM
B COBOKYITHOCTH C TIOJTYHATYPHBIMHU dKCTIepuMeHTaMu. B pamkax
nporpammbl ASCI Ha 0cHOBe TOCY/IapCTBEHHOTO (DMHAHCUPOBA-
Hust, Beqytiue koMranuu CIITA paszpaboTaiy TeXHOJIOIUY CO3MaHMUsT
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Puc. 2. Ananus npomvLciosuix dannvlx
Fig. 2. Production data analysis

I
————————
< @l
Puc. 3. ITocmpoenue nonei dasienus u
Heghmenacviennocmu niacma

Fig. 3. Pressure and saturation maps for the
oil-bearing formation

below-mentioned «Kappa Engineering Company» software,

namely:
Saphir

data (see Fig.1); structure and filtration parameters of the forma-

solving of inverse problems — analysis of well-testing

tion are evaluated in the vicinity of well under investigation.
Topaze

production prediction and analysis. It allows processing and analyz-

solving of inverse problems — software module for

ing pressure and inflow data obtained by telemetric systems equipped

by pressure sensors placed on submersible centrifugal pumps (see
Fig. 2). Such measurements might last several month or even years.
As a result, we obtain information about structure and formation
parameters in the interwell space.

Rubis allows solving
direct problem on-line (with simplifications), namely: to evaluate

3-phase 3D hydrodynamic simulator

pressure, saturation and other parameters distributions for the
whole layer (see Fig. 3).

Diamant — software module for pre-processing and database
maintenance - providing access to input data and to results of pro-
cessing and analysis done by other modules. Generally speaking, for
such pre-processing and local databases maintenance it’s enough to
use graphic workstations or servers of average calculating capaci-
ty, but they should be placed into computing environment with ultra-
high calculating capacity. This computing environment should pro-
vide multi-variant modeling of stimulation response and full data-
base maintenance, including geological and hydrodynamic models
for the whole field.

II. Successful development of supercomputer
technologies in USA - result of purposeful multi-
annual Government support

In USA the problem of work out tera- (1012) and peta-flops

(1015) supercomputer technologies was in principle solved under
the «Program ASCI» in 1997 — 2007. Main goal of this program
was to replace in-situ nuclear tests by predictive modeling on
supercomputers in combination with semi-in-situ experiments.
Leading USA companies had worked out technologies for produc-
tion of supercomputers with scalable network architecture, hav-
ing Government financing provided by the «Program ASCI».
Networks may consist of hundreds and thousands commercial and
large-scale produced microprocessors, working in parallel. USA




cynep-OBM ¢ apxuTeKkTypoil MaciTabupyeMoil CeTu AeCATKOB 1
COTEH ThICSY [TAPAJLIEIbHO PAOOTAIOIINX MACCOBBIX KOMMEPUYECKUX
MUKPOIPOIeccopos, a Haronanbhbie maboparopuu CIIIA - Tex-
HOJIOTHU CO3[@HUs MACIITAOUPY€EMbIX IpuioxkeHuil. B reuenue 12
Jiet, Obn co3panbl cyrep-OBM ¢ npousBoguresbHocTbO OT 1
(19971.) o 1000 (2009r.) Tepad.ioric, Ha OCHOBE MACCOBBIX KOMMep-
YEeCKUX BBIYUCIUTEIBHBIX 1 KOMMYHUKAIMOHHBIX Y3JI0B, KOTOPBIE,
COOCTBEHHO U TIOJIOKILIN HAYaI0 (POPMUPOBAHKIO MEPOBOTO PhIHKA
BBICOKOIIPOU3BOJIMTEIBHBIX BBIYMCICHUIT, HA KOTOPOM JI0 HACTOSI-
mero Bpemenu jomuaupytot komrnanuu CIITA. To ects, 32 nckimoue-
nuem Kurtag n Anonun, npoussoaurenu cynep-dBM B apyrux
cTpaHax (B TOM uucie u B Poccui) Ha caMoM JieJie TIPOU3BOIUTEIs -
MU He SIBJISIIOTCSI,  COOUPAIOT VX U3 TOTOBBIX OJIOKOB aMEPUKAHCKIX
KOMITQHUI.

Cuietyer otMeTuTs, 4To ycnex nporpammbl ASCI — a1o pesyiib-
TaT MHOTOJIETHHIA 1IeJIeHATIPaBJICHHON MOUIEPKKHU IIPABUTEIbCTBOM
CIIIA pabot B 06s1acTH BHICOKOTIPOU3BOAMTENbHbIX BHIUNCIIEHUI,
HEOOXOMMOCTD KOTOPOU 0OOCHOBAHA B OTYETE, OATOTOBJIEHHOM B
1982 r. xomuccueit, BO3rJaBisieMOil U3BECTHBIM MAaTEMAaTHKOM
I1. JTakcom. B oT4yeTe KOHCTATUPOBAJIOCH, YTO PHIHOYHbBIE MEXaHU3-
MBI He CIIOCOOHBI 0GECIIEYNTD PA3BUTHE CYIIEPKOMIIBIOTEPHBIX TEX-
HOJIOTHI HA YPOBHE, HEOOXOAUMOM [1Jist 00eCTiedeH s HAIMOHAb-
Hoi 6esonacHoctit. B 1991 roay 8 CIIIA 61 IpuHAT 3aK0H 0 (heje-
PaJIbHOM TI0/I/IePKKe BBICOKOTIPON3BOAUTEIBHBIX BbIYNCICHUI
(Public law 12-194), npusBanHbIil "06eCEYUTh IOCTOSTHHOE U
nernpepbiBHOe JugepctBo CIIIA B 061acTu cO3iaHust 1 UCIIOJIB30-
BAaHUS BBICOKOIPOU3BOAUTEIBHBIX BHIUNCIICHUI"

Cyl1ecTBEHHO BaKHO, UTO CyObEKTaMU HPSIMOIT TOCY IaPCTBEH-
HOi1 nojyiep:kku B nporpamme ASCI sBJsnch He KOMIAHUN MaJIo-
ro u cpefnero 6usHeca, a kpynseiinme kommanuu CIHA, Takue
kak HEWLETT-PACKARD, IBM, INTEL ¢ ronoBoii BbIpy4Koii
$120 mupa., $104 mupa., $53 MIPI. COOTBETCTBEHHO, a TaKKe
Hauponasnbtbie taboparopuu. [[pyrumu cJioBaMu, JasKe JJist TUTaH-
toB nHpopmannonnoii nnaycrpun CIIA co3manme CynepKoMITbIo-
TEPHbIX TEXHOJIOTHI COOCTBEHHBIMU CUJIAMUL, B YCJIOBUSIX PhIHKA, (€3
YUaCTUsI FOCYAPCTBA OBLIO CBSI3aHO € HENPUEMJIEMBIMU 1T HUX
PHCKaMH, YTO, COOCTBEHHO, KOHCTATUPOBAJIOCH B OTYETE KOMUCCUH
IT. Jlakca eme B 1982 1.

C uesibto coxpanenust auaupyomux nosuruii CIIA B obaactu
CO3/IAHUS U UCTIOJIB30BAHUS CYTEPKOMITHIOTEPHBIX TEXHOJIOTHIT B
2009 1. 1paBUTENILCTBO CTPaHbI (haKTHYECKU MHUIIMNPOBAJIO PeaJin-
3aIUI0 IPOTPAMMBI PAGOT [0 CO3IAHUIO TEXHOJIOTUIT HK3a(DIIONCHBIX
BBIYUCJIEHUIT KaK OCHOBBI aHepretuyeckoil 6ezonacuoctu CIIA B
21 Beke. [Ipsimoe rocyzapeTBeHHOe (PUHAHCUPOBAHUE HTUX PAOOT
BeJIeTCs, B 4aCTHOCTH, B paMkax 3akoHa (H.R. 2272) «Amepuka
KOHKYPHUPYET», [IPU 9TOM OCHOBHBIMU CYOBEKTAMU TIOAEPKKI
ABJIAIOTCSA KPYIHbIE KoMITaHnu 1 Bezyiue ynusepeutersl CITA. [3]

II1. CocTosiHue fieJ1 ¢ CynepKOMIbIOTePHBIMU
TexHoJoTusAMU B Poccun

CynepKOMITbIOTEPHBIE TEXHOJIOTHN — 3TO B3aUMOYBsI3aHHAsI
TpHuaja, BKIUaias cynep-IBM ¢ nporpaMMHBIMU CHCTEMAMU
MPE/ICKA3ATENHHOTO MOJIEJIMPOBAHUS, U TEXHOJIOTHN UCTIOb30BAHUST
3TOTO MPOrPAMMHO-ATIIAPATHOTO KOMILJIEKCA B TPOIECCE CO3/IaHUS
Hosoro uszenus. B Poccun 1o 2009 roza, 3a HCKII0YEHEM aTOM-
HOIT OTpacJin, roCyIapCTBEHHAsI TTO/IIEPIKKA PA3BUTHST TEXHOJIOTU
KOMITBIOTEPHBIX UCTIBITAHWI 11151 IPOMBIIIIEHHOCTH, HAyKK 1 0Opa-
30BaHUsT PaKTUUECKU CBOMIIOCH K CO3/IAHUIO TOJIBKO OJIHO# yacTu
TPHUA/Ibl, a UMEHHO — CYIEPKOMITbIoTEpPa. [0CYyIapCTBO BBIAEISIO
cpezicTBa b0 Ha 3aKYIIKY <110/ KJtou» cyrep-OBM mnpousBojcrsa

National laboratories had worked out technologies for creation of
scalable software applications. Supercomputers were created
with calculating capacity of 1 tera-flops (1997) and 1000 tera-flops
(2009) in 12 years by using commercial and large-scale produced
computing and communication modules. This was the start of high
performance computing (HPC) world market, on which USA
companies predominate until now. The producers of supercomput-
ers in other countries (excluding China and Japan but including
Russia) are, in fact, not real producers but they only assemble
supercomputers using finished modules from USA companies.
It should be emphasized that in USA the success of «Program
ASCI» and in high-performance computing as a whole was a result

of purposeful multiannual Government support. The necessity of such
efforts was substantiated in a report prepared in 1982 by a special
commission headed by well-known mathematician P. Lacks. In
report it was pointed out that market mechanisms only are not
capable to provide growth of supercomputer technologies up to
the level mandatory for national security. A special USA support law
in HPC (Public law 12-194) was put in force in 1991. The aim of
this law was «to provide a stable and continuous USA leadership in
development and application of HPC».

It is very important, that entitles to governmental support (in
accordance to «Program ASCI») were not small and middle-
size USA companies but largest ones such as HULETT-
PACKARD, IBM, INTEL with annual proceeds of $120 bln,
$104 bln, $53 bln correspondingly and National laboratories as
well. In other words, as already it was stated in P. Lacks report
in 1982, the supercomputer technologies development by com-
pany own forces and without Government participation was
unacceptably risky deal for any company on the market, even for
USA information industry giants.

In order to keep USA top position in development and applica-
tion of HPC in 2009 the USA Government initiated special program
for development of exa-flops calculations as a basement of nation-
al energy security in XXI century. In particular, the direct
Government finance is stipulated by the law H.R. 2272 «America
do compete» and main entitles for such support are major compa-
nies and leading USA universities [3].

III. Situation with supercomputer technologies

in Russia

Supercomputer technology consists of coupled triade — super-
computer itself, software with special systems for predictive mod-
eling, and methods of applying previous two components for devel-
opment of new products. In Russia until 2009 Government support
of computer applications in industry, science and education practi-
cally was provided for developing first component of this triade -
supercomputer (except nuclear industry). The Government allocat-
ed money or for buying American finished computers «turnkey» or
for buying American component parts and assemble supercomput-
ers by Russian specialists.

Development of applied software and methodology of its appli-
cations for such supercomputers was financed as a part of budgets
of research institutes, colleges and industrial enterprises. As a result,
only laboratory or, at best, experimental prototypes of applied soft-
ware and methodology of its applications were created; they can’t
be used without developer participation and, moreover, didn’t have
mandatory commercial properties.

Prototypes of home competitive software for predictive model-
ing and a number of supercomputers of different calculating capac-
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aMEPUKAHCKIX KOMIIAHUIT, 160 HA 3aKYIIKY Y STUX KOMIIAHUI KOM-
IJICKTYIOIUX 1, CO3/IaHUS HA UX OCHOBE, cytiep-OBM cuiamu ote-
YEeCTBEHHBIX CIIEIIMAINCTOB.

[IpukiazHoe nporpammuoe obecriederue aTux cynep-OBM u
TEXHOJIOTUS €r0 TPUMEHEHUST CO3ABAIUCh B PAMKaX OIO/KETOB
MHCTUTYTOB, BY 30B 1 IPOMBIIIJIEHHBIX PEIPUATUN. B pe3yiib-
Tare ObLIM CO3[MaHBI TOJIBKO JaOOPATOPHBIE WJIU, B JIyUIIEM CJIy-
yae, IKCIIePUMEHTAIbHbIE 00PA3Ibl MPUKJIAJHBIX [TPOrPAMMHBIX
CUCTEM U TEXHOJIOTUI UX IPIMEHEHMS, HEOTUY KIaeMble OT pa3pa-
6OTYKMKOB U He 00JIazIatoIIIie HeOOXOAUMbIMIE HPOLYKTOBBIMIU CBOM-
CTBAMHU.

B 2010-2012 rr. B pamkax mpoekra «PazBurue cynepkomIiboTe-
POB 1 IPUJI-TEXHOJIOTHIT» Koorepatueil 6osiee 30 TPOMbBIILIEHHBIX
npeanpusaTuii, THCTUTYTOB M BY 308, 1ipu rosiosuoit poau 'K
«POCATOM» (PDOAI-BHUMNIOD) 6b1iiu cO3/1aHbI OIIBITHBIE
06pasibl 0TEYECTBEHHOIO KOHKYPEHTOCIIOCOOHOTO IPOrPAMMHOTO
obecrieyeHust PeICKa3aTebHOIO MOJIEIMPOBAHUS, & TAKKe Psijl
cynep-9BM pasimynoii npousBoauteabHocT. OTHAKO ATOT Ypes-
BBIYAITHO YCIIENIHBII TIPOEKT He ObLI IpoJioHrupoBat Hu B 2013 1,
unB 2014 .

Kak ciieficTBre, 0CHOBHASI MACCa TIOTEHIUAILHBIX TOTpeduTe el
BBICOKOIIPOU3BOIUTEIbHBIX BHIUMCIEHUN 1 B HAYKE, U B 00pa30Ba-
HUU, U B IPOMBIIIJIEHHOCTH UCIOJIB3YET /IS IPOBEICHUS PACYETOB
JOCTYIIHBIE HA KOMMEPUYECKOM PhIHKE 3apyOesKHbIe TIPOrPAMMHbBIE
[AKeThl, KOTOPbIE PACCUUTAHbI NGO HA KJAcTePbl ¢ HEGOJIbIIUM
yucsiom rporieccopos (10-30), 1ubo Ha 1lepCOHABHBIIT KOMITBIOTED
C OJTHIM MHOTOS1/IEPHBIM MUKPOIIPOIIECCOPOM.

Jl71s1 TocTpOeHU rUIPOAMHAMIYECKOI Mo/1esn HeTera3oBo-
IO MECTOPOJKIEHUSI IOCJIeIHUE ABA/IATH JIeT HanboJIee MUPOKO
HCIIOJTb3YI0TCs B HedrerazoBoii otpacyu Poccun ruppoanuamu-
yeckue cumyssitopel ECLIPSE dupwmbr Schlumberger u VIP
dupmbr Landmark (CIIIA), Tempest More dpupmbsr ROXAR
(Hopserust) u STAR dupmsr Compute Modeling Group Ltd
(Kanaza). Kak 1 B MallnHOCTPOEHMI, OCHOBHAsSI Macca notpebu-
TeJiel UCIOJIb3yeT BEPCUU 3TUX MTPOTPAMMHBIX cucTeM, QyHK-
MOHUPYIOUIMX TOJbKO HA IEPCOHATBHOM KOMIIBIOTEPE C OTHUM
MHOTOS/IEPHBIM MUKpoIpolieccopoM. [Ipeske Bcero, moromy 4ro,
[IPU UMEIOLIEMCS YPOBHE IOCTOBEPHOCTU ¥ TOUHOCTH MCXO/HBIX
JAHHBIX, UCIOJIb30BaHKe (GoJiee MOIIHBIX U CYIIECTBEHHO OoJiee
JIOPOTUX MAPaJLIe/IbHbIX BEPCHUIl HE IaeT CKOJIb-HUOY/Ib 3aMEeTHbBIX
npeumyiects. To eCcTb B yCJIOBUAX HEJOCTATOUHOTO KOJTUYECTBA
CKBaKMH, OCHAI[EHHBIX TEJIEMETPUYECKUMU crcTeMaMu, obec-
MEYNBAIIUX U3MEPEHUE KIIOUEBBIX IAPAMETPOB ¢ TPedyeMoil
TOYHOCTHIO, U CPENCTB JOKAJHHOTO aHAMN3A JAHHBIX TUTIA
KATITA-MTHKVNHUWPUHI, npumenene MOLUTHBIX TTapaJlesb-
HBIX CUCTEM TUAPOAMHAMIYECKOTO MOIETMPOBANUS BCETO MIACTA
HU TEXHUYECKHU, HI AKOHOMUYECKHU He OIPABIAHO.

B 211X yCI0BUSAX BPEMsI pacueTa OIHOTO BAPUAHTA HAYIHBIX U
[IPOMBIIIJIEHHBIX 33/[a4 TIPY TPAAUIMOHHBIX COCO0aX pa3pabor-
KH COCTABJISET JIJIsI MECTOPOsKIEH s ¢ 30 CKBasKUHAMH 5 CYTOK, &
1 mecropoxkierns ¢ 1000 ckBaxkunamu 90 cyTok. AHasiornyHble
BpeMeHa B CJIydae UCI0JIb30BAHNST METO/IOB MOBbIITEHNST He(hTeOT -
qu cocTaBagioT yxke 60 cytrok (50 ckBakun) u 36 Mecsien
(1000 ckBaskuH) COOTBETCTBEHHO. J[pyrumMu cjoBamu, B Cylie-
CTBYIOIIHX YCJOBUIX He TPEICTABISIETCST BO3MOMKHDBIM OCYTIECTB-
JIITh TUIPOMHAMUYECKOE MOJIEJIUPOBAHNE C TOYHOCTBIO U CKO-
POCTBI0, HEOOXOIMMBIMU JIJIs1 OIIEPATHBHOTO yIIPpaBJIeHMst pa3paboT-
KO HeDTSHBIX MECTOPOXKAEHNN ¢ KOJUYECTBOM CKBAKHH Ha
oxHoM o0bexTe 0osee 100; paccunTHIBATD € TOMOIIBIO TUAPO/IH-
HAMUYECKOTO MOJIETMPOBAHNUST MECTOIIOJIOKEHUE TIETUKOB HedTH,
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ity — were created in 2010 — 2012 within the frames of Russian
Program «Development of supercomputers and grid- technolo-
gies». This was done by cooperation of 30 institutes, colleges and
industrial enterprises, with leadership of Governmental Corporation
«Rosatom» (namely, Russian Federal Nuclear Center- All-Russian
Institute of Experimental Physics). Unfortunately, financing of
this very successful project wasn’t prolonged neither in 2013, nor
in 2014.

As a consequence, major part of potential Russian HPC con-
sumers — in science, education, industry — use foreign software des-
tined for clusters or with small number of processors, or comput-
ers with one multi-core microprocessor.

The corresponding software is widely used in Russian oil
and gas industry in last 20 years, mainly: ECLIPSE
(Shlumberger, USA), VIP (Landmark, USA), TEMPEST
MORE (Roxar, Norway), STAR (Compute Modeling Group
Ltd., Canada). As in engineering, most part of HPC Russian con-
sumers use, as a rule, versions of mentioned software destined
for one PC with one multi-core microprocessor. Application of
more capable (and considerably more expensive) software with
parallel computing doesn’t give any essential advantage due to
low accuracy and reliability of measured input data. In other
words, if:

v the number of wells equipped with telemetric systems is
rather small,

v’ telemetric systems can’t provide the mandatory accuracy
and reliability,

v’ there is lack of analytic software like <KAPPA ENGINEER-
ING»,

than for production engineer it doesn’t worth to use high-capa-
ble parallel computing systems for hydrodynamic simulation. This
is not reasonable neither from technical, not from economical point
of view.

If we use such low capable computers for simulation of the devel-
opment of oil field with 50 wells exploited by traditional methods
than run time of one simulation variant is about 5 days, for field with
1000 wells — 90 days. If on this field tertiary recovery methods are
applied, than corresponding run times become 60 days (50 wells) and
increase up to 36 month in case of 1000 wells. In other words, with
such low capable computers it seems to be impossible to solve
following problems:

* to provide simulation with accuracy and counting rate manda-
tory for on-line control of field development — on oil fields with more
than 100 wells,

* to determine the location of zones with residual oil within
flooded parts of oil field,

* to design (not to speak of control) new development meth-
ods of oil resources whose production is problematic with accurate
evaluation of all production characteristics for the whole field —
on oil fields with more than 30 wells.

From above said it is clear that Russian oil industry doesn’t
possess the technology «Digital field». This is one of main reasons
for Russian oil and gas producing companies to be behind world mar-
ket leaders in such key parameter as annual proceeds. Actually, in
2013, according to the annual list of world companies with turnover
more than $100 bln, annual proceeds of EXXON (USA) was $420
bln, PETRCHINA (China) — $308.9 bln, GASPROM - $144 bln,
LUKOIL - 115.8bln.

Such technological lag of Russian oil and gas producing compa-
nies is a direct consequence of some principal propositions con-




He BOBJIEYEHHBIX B Pa3pabOTKy Ha YK€ 3aBOJHEHHbBIX HeDTSIHBIX
MECTOPOK/ICHUSX; a TAK JKe TIPOEKTUPOBATH (HE TOBOPS YIKE O Pery-
JIMPOBAHUN ) IPUMEHEHNE MHHOBAIIUOHHBIX METO0B Pa3paboTKI
TPYZIHOM3BJIEKAEMbBIX 3a11ACOB HE(TH C TOUHBIM PACYETOM TT0KA3a-
TeJiell pa3paboTKY 10 BceMy 0OBEKTY PU KOJUYECTBE CKBAKUH HA
oGbexre 6oiee 30.

W3 BBIIIEN3JI0KEHHOTO ClenyeT, 4To HedTerazoBasg oTpacib
Poccun ne pacriosaraer texnosorusamu «Iudposoe mectopoxie-
HUE», 4TO SBJSIETCS OZIHON U3 OCHOBHBIX TPUYNH 32AMETHOTO OTCTa-
BaHUsI POCCUNCKUX HehTEra30BbIX KOMIAHUI OT JIUJEPOB MUPO-
BOTO PHIHKA 10 TAKOMY KJIIOUEBOMY II0KA3aTe0 Kak 00beM roJ0-
BOU BbIpy4YKH. /[eficTBUTENBHO, IO TAHHBIM, TTPUBEJIEHHBIM B
CIICKEe MUPOBBIX KOMIIaHui ¢ obopoTom Gosee — $100 mupz. 3a
2013 rox, o6bem Boipyuku kommanuu EXXON (CIIIA) cocra-
Bua — $420 mapa., komnanuu PETROCHINA (Kuraii)-
$308.9muipa., komnanuu TASITPOM — $144 muipa., KoMnasuu
JYKOMJI — $115.8 mipa.

Takoe TEXHOJOTHYECKOE OTCTaBaHUE POCCUICKUX HedTerazo-
BBIX KOMITAHWH SIBJISIETCST IIPSIMBIM CJIE/ICTBUEM PsI/Ta IPUHITTHATb-
HBIX TTOJIOXKEHUH, CHOPMYTHMPOBAHHBIX B I0KyMeHTe « OCHOBHBIE
Hanpasierus noautuku PO B obiacTu pasBUTHS UHHOBAIMOH-
HOI¥1 cuctembl Ha riepuon 10 2020 r.»

OcHoBHas 3a/1a4a TOCYAAPCTBA 3/1eCh - HOPMUPOBAHHUE IKO-
HOMHUYECKUX YCJIOBUIA U OIArONPUSTHON SKOHOMUYECKOU U Ipa-
BOBOH CPe/Ibl ik BeleHus MPEATPUITUIMI THHOBAITTMOHHO
nesTenpbHOCTH. BechbMa pacmmpuTesbHas TPAKTOBKA NHHOBA-
MUOHHOM NeATeTbHOCTH, OIeHKA ee YCIEeNHOCTH 110 BTOPUY-
HbIM, He PBIHOYHBIM IIOKA3aTEJIsIM, JeJal0T Heo0sA3aTeIbHbIM
CO3/laHKe MPOJAYKTA C BBICOKOI H00aBJIEHHON CTOMMOCTBIO,
obecrieunBast, OHAKO MPU 3TOM 3aJlaHHBII YPOBEHb OTYETHBIX
rokasareJeil.

Tak, corsiacHo OCHOBHBIM HAIIPABJIEHMSIM, CHUKEHIE COOCTBEH-
HBIX TIPOU3BOJICTBEHHBIX 3ATPAT MPEIIIPUATHS OTHOCUTCS K MHHO-
BAI[MOHHOM JIEATENbHOCTU: «[TPUMEHEHe NHHOBAIMIT (HOBOBBe-
JIeHUIl)...00eCIeynBAOIIUX 9KOHOMUIO 3aTPAT WU CO3AAOIIIX
YCJIOBUS JIUIST TAKOH 9KOHOMUU». B pe3ysbrate TakKux MHHOBAIINI
YBEJINUUBAETCS IIPUOBLIb MIPEAIIPUS TS, HO He 0OaBJIeHHAasI CTOU-
MOCTD BBITTYCKAeMOTO MPOAYKTA. [IpH 9TOM, KOHEYHO, PACTYT BHYT-
PEHHUE 3aTPaThl HA UCCIIEOBAHUS 1 Pa3pabOTKU, [HOJISI IIPEIIPUS-
TUH, OCYIIECTBISIONINX NHHOBAIMOHHYIO eSITENbHOCTD U TOJIST
UHHOBAIMOHHOM POAYKIK B 0611eM obbeme npopax. To ectp,
OTYETHbIE MTOKA3ATENN TPEATPUITHI U BEIOMCTB, 33[aHHbIE B
OCHOBHBIX HAIIPABJIEHUSIX, CBUETEIBCTBYIOT 00 YCIIENTHOCTH UHHO-
BaI[HOHHOI IESITETHHOCTH.

ITO 0JIHO U3 OOCTOSITENBCTB, KOTOPOE B COUETAaHUU € TPeOOBa-
HueM GUHAHCOBOI KOHKYPEHTOCIIOCOOHOCTH, SIBJISIETCSI OCHOBHOIL
MPUYNHON TOTO, UTO POCCUUCKAST MHHOBAIIMOHHASI CUCTEMA <...0pHU-
eHTUPOBAHA HAa UMUTAIMOHHBII XapaKkTep, a He Ha CO3aHue
HOBBIX TEXHOJIOTHI1». UTO COOCTBEHHO U KOHCTAaTUPOBAHO B IIpe-
ambyse «Crpareruu MHHOBAIMOHHOTO pasButust PD 1o
2020 ronas.

OueBUHO, YTO COKpallleHne COOCTBEHHBIX 3aTPaT Ha IIPO-
M3BOJICTBO, BO-TIEPBbIX, 32 CPABHUTEJNHHO KOPOTKOE BPEMSI 103~
BOJISIET 3AMETHO YBEJIMYUTH IIPUOBLIIb, YTO KPAllHE BAXKHO B yCJIO-
BUsIX (GUHAHCOBON 3KOHOMUKHU. BO-BTOPBIX, CBA3aHO C CyTie-
CTBEHHO MEHBITUMH PUCKAMU 1 3aTPATAMHE, Y€M CO3/IalNe HOBOTO
npoaykra ¢ 6ojiee BbICOKOI 106aBjieHHOI cTouMoCcThIO. UTO,
COGCTBEHHO, ¥ JOKa3bIBAET HEAJIEKBATHOCTD TPAKTOBKU UHHOBA-
[IMOHHOU JIESATEBHOCTH 1 KPUTEPUEB €€ OLEHKU B OOIEMUPOBOIA
paKTUKE.

tained in a document «Main trends of Russian policy in development
of innovation system up to 2020».

Main task of the Government in such development consists
in setting up economic conditions and favorable economic and
law environment for innovation activity of the companies. Not
clear interpretation of the «innovation activity», in conjunc-
tion with evaluation of its success by secondary (not market)
indices provides possibility of achieving good index values in
reports but it makes not obligatory to work out real product with
high added value.

For instance, in accordance to «Main trends» company’s’ produc-
tion costs reduction is treated as element of innovation activity,
namely: «. .. applying innovations . . . providing cost reduction or
setting up conditions for such reduction. . .» Company profit grows
as a result of such innovations but not added value of manufactured
product. Research-and-development costs, part of enterprises with
innovation activity and contribution of innovation products to
company’s sales values — grew in such a case, of course. And so, index
values in reports (set force by «Main trends. . .») give an evidence
of innovation activity success. It’s one of the reasons (in combina-
tion with financial compatibility requirement) for Russian innova-
tion system <. . . to orientate on imitation only but not on working
out new technologies . .. «, as it is mentioned in preamble to «Main
trends. . .»

It is clear, that company’s production costs reduction achieved
in asort time causes company profit grow, what is extremely impor-
tant for financial results of the company. Also, such approach leads
to considerably less risks and expenditures than manufacturing a new
product with high added value.

This proves incorrectness of such «innovation activity» under-
standing and criteria of its appraisal.

Most correct criteria of such appraisal are annual proceeds
of home and foreign companies. For instance, in the list of
world companies with annual proceeds over $100 bln on the top
there are 21 USA companies with sum proceeds of $ 3.55 tril-
lion, on the second place — 5 China corporations with sum pro-
ceeds of $1.075 trillion. Then German, French, Japan, Great
Britain and Italian companies are ranged. In Russia only two
giant companies — «Gasprom» and «Lukoil» — have sum proceeds
of $0.2598 trillion.

This is small compared with sum proceeds of two Chinese oil com-
panies — «Petrochina» and «Sinopec-China» — which are equal to
$0.7266 trillion. So, sum proceeds of Chinese companies are three
times more than Russian ones. More likely this is the result of
Chinese companies’ technological advantage.

Sum annual proceeds of two automobile German companies —
«Volkswagen» and «Daimler» — are equal to $0.4048 bln, but of two
Russian ones — «Avtovaz» and «Kamaz» — about $50 bln only. This
is obvious result of using foreign technologies which are far from
being up to date, of course. Thus it is rather clear that Russian
companies will never be among leaders of world market if they
keep stay within frames of liberal market economy.

This conclusion can be confirmed by provisions analysis of
«Russian innovation development strategy up to 2020». Provisions
are based on interpretation and appraisal criteria of innovation
activity contained in «Main trends. . .»

It is planned to rise up different indices by 2020 to following lev-
els: part of enterprises with innovation activity — 40-50%, part of
innovation products — 20-25%, Russian scientific publications —
3%, etc. But meantime «Russian part on high-tech world markets
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Haubosnee 00beKTUBHDIN KPUTEPHI TaKOI OIIEHKN — TOIOBOI
060pOT OTEUECTBEHHBIX U 3aPYOEKHBIX KOMITAaHU. Tak, Hatpumep,
B CIIUCKE MUPOBBIX KOPIIOPAIUd ¢ TOL0BOI BBIPYUYKOil Gosee
100 mapz. ponnapos 21 komnanus CHIA ¢ cyMMapHO#T BBIDYYKOi
— 3 tpai. 550 MuIpz., Ha BTopoM Mecte Kurait — 5 kopriopariuii ¢ cym-
MapHOi BRIpYYKO# 1 Tps. 75 muapa. poJut. Jlaree koMnanuu
Tepmarinu, Dparin, Anornu, Besmkobpuranuy v Mtami. B nareit
cTpaHe Bcero /iBa ruranra: «lasmpom» u «Jlykoitas» ¢ cymmapHoii
BBIPYUKO#t — 259,8 Mip. /171 cpaBHEHUST CyMMapHast BLIPYUKa IBYX
Hedraupix komnannit Kutas PETROCHINA u SINOPEC-CHINA
—726,6 mup/1.

To ecTb BbIpyYKa KMTAMCKUX HEPTIHUKOB MIOUTU B TPU pasa
BBIIIIE, U, CKOPEE BCETO, ATO PE3YJIBTAT TEXHOJIOTUUECKOTO TPEUMY-
mecrBa. Obuias BoIpPyYKa ABYX aBTOMOOGUMIBHBIX KOMIIAHUIA
Tepmann VOLKSWAGEN u DAIMLER cocrasasier 404,8 muipi.,
a nByx poccuiickux — ABTOBA3a u KAMA3a — okouio 50 mMupz.
JIOJUL. DTO U eCTh HATJISIIHBII PE3YJIBTaT UCIIOIb30BAHUS 3apyOesK-
HBIX TEXHOJIOTHII 1 000PYIOBAHUS, U, KOHEYHO, JIAJIEKO HE CaMbIX
coBpeMeHHbBIX. TakuM 06pasoM, JI0CTATOYHO OUEBUJHO, UTO OCTABa-
dCh B paMKaX JuGepajbHON PHIHOYHON H9KOHOMUKHU, POCCUICKUE
KOMIAHUHU HUKOTIA He OYAYT JugepaMu MUPOBOTO PbIHKA.
[MoxrBepsketne aTomy — «CTpaTerist ”HHOBAITMOHHOTO Pa3BUTHUS
PO 10 2020 rozmas, B 0CHOBE KOTOPOil TPAKTOBKA MHHOBAI[MOHHON
NIesTeIbHOCTH U ee oneHku, — 13 OCHOBHBIX HAIPABJIEHU.
[Tnanupyercs, uto xk 2020 1. 10715 MHHOBAIIMOHHBIX TIPETPUSTHI
yBesmautes 10 40-50%, MHHOBAIMOHHOM TpoayKiuu — 10 20-25%,
poccuiickux mybnukaruii — 10 3% u T.1. OZHAKO [IPU 3TOM: <K
2020 r. oo Poccuy Ha MUPOBBIX PbIHKAX BBICOKOTEXHOJIOTHY-
HO PO KIUY TIAHUPYETCS YBETIMIUTD 10 2%», UTO B § pa3 MeHb-
me, uem Ob110 y Kurast 8 2008 roxy, u B 6 pa3 menbiue, yem y CIITA
B TOM JKe TOJLY.

BecbMa paciupuTesbHas U pacIipiBIaTasi TPAKTOBKA HHHOBA-
IIUOHHON fiessTeTbHOCTH B OCHOBHBIX HAITPABJIEHISIX, OI[EHKA ee
YCIEITHOCTH 110 BTOPUYHBIM He PBIHOTHBIM TTOKA3ATEISIM, 1eTaeT
HeoOsI3aTeIbHBIM CO3IaHue MPOAYKTa € BBICOKOH M00aBAEHHOI
CTOMMOCTBIO, TPOJIAXKA KOTOPOTO HA PHIHKE U TPUHOCUT OCHOBHYIO
JIOJTI0 TIPUOBLIM, 0becednBaloNeil Kak MOKPBITHE PACXOJ0B Ha
€ro CO3jlaHue, TaK U 3aTPaThl HA PazpabOTKy TAKOTO MPOAYKTA
CJIEMLYIOTIETO TIOKOIeHus. [[pyriMu ¢JI0BaMI rOCyIapCTBO OTBEYA-
€T TOJIPKO 3 CO3JJaHue YCIOBUI /IJIsT HHHOBAI[HOHHO /eI TeTbHO-
CTH MPEATPUATHUI, a 32 CO3/IAHIE B 9TUX YCIOBUIX MPOIYKTOB C
BbBICOKOIi 100aBJIEHHON CTOMMOCTBIO OTBEYAIOT TOJBKO IPE/I-
npusitus. [Ipuuem «KpaeyroJabHbIM KaMHEM» 9TUX YCIOBUH [T
OPENNPUATHII SABJSETCS] KOHKYPEHIMsSI HA MUPOBOM PbIHKE C
KPYIHBIMH 3aPy0e3KHbIMH KOMIAHUSIMH, UMEIOIMMH FOCYIaPCT-
BEHHYIO MOJ/IEPKKY.

Heobxoanma pazpaboTka aJbTepHATUBHO TIPOMBIIIIECHHON
MOJINTUKH, B PAMKAaX KOTOPOIl TOCYZIapDCTBO HECET OTBETCTBEH-
HOCTH 32 HOPMUPOBAHIE TAKIX IKOHOMUYECKUX YCIOBUI, KOTO-
poie obecrieynBaan Obl TEXHOJIOIMYECKYI0 KOHKYPEHTOCIOCO6-
HOCTB CTPAHbI HA MUPOBOM PBIHKE U, KAK CJIEICTBHE, CO3/aHNE
[POMBILLIEHHBIMU TIPEAIPUSTUSIME TIPOJYKTOB C BHICOKOH 1106aB-
JIEHHOU CTOMMOCTHIO. B CyIIECTBYIONNX YCIOBUSIX 9TO MOTYT
ObITH OTPACJEBbIE 3AKOHbI IPSIMOTO JIEUCTBUSI, TUIIA 3AKOHA O
«CKOJIKOBO», 1o natejiennble He Ha CO3/[aHUe YCJIOBUHN JIJIs1
MHHOBAIMOHHO eATEeTbHOCTH MAJbIX U CPEAHUX TIPEATIPUsI-
THI, @ HA CO3/laHKe KJII0UeBbIX TEXHOJOTHH /It He(Tera3oBoit
OTpAC/Iu, IHEPTETHYECKOTO MAITUHOCTPOEHUST, ABUAIIMH U T.]L.,
obecrneynBalouX UX KOHKYPEHTOCIOCOOHOCTh HA MUPOBOM
poiake.
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is planned to rise up to 2%», what is 8 times less than Chinese part
in 2008 and 6 times less than USA part that year.

Not clear and even vague interpretation of the «innovation
activity» in «Main trends. . .» evaluation of its success by second-
ary (not market) indices make not obligatory to work out real
product with high added value. But a sale of this very product makes
main profit which allows company to reimburse the expenditures on
product manufacture and expenses on new product generation
development.

In other words, Government is only responsible for setting
up the conditions for innovation activity of enterprises. But only
enterprises bear responsibility for working out products with
high added value under these conditions. And cornerstone of these
conditions is the competition on the world market with major for-
eign companies having Government support.

It is necessary to work out the alternative industrial policy accord-
ing to which the Government should bear the responsibility for set-
ting up economic conditions which will:

» provide the technological compatibility of home companies
on the world market

» stimulate companies to manufacture products with high
added value.

In existing circumstances as an alternative it might be laws of
direct force, like law about «Skolkovo», but aimed not for set-
ting up conditions for promoting small and middle-size companies
innovation activity but for stimulation major companies to work
out key high- tech technologies in oil and gas, power engineer-
ing, aviation industry, etc.

Such key technologies should be of such type that would be
able to provide compatibility of these industry branches on the
world market. O

Jlureparypa:

1. Berennn B.B., Bokcepman A.A., Koctiokos B.E.,
Cagenbes B.A. TIpoGJieMbl yipaBiieHus mpolieccamu Hed-
TeoT/laull Ha OCHOBE MOJEJNPOBaHU Ha cynep-OBM.
HE®TETA30IIPOMbBICJ/IOBLIN MHXMHWPUHT
03 kB 2010 r., cTp. 14-18.

2. Berenwn B.B. OTevyecTBenmble CyliepKOMITBIOTEPHBIE TEX-
HOJIOTUH HK3a(IIOTICHOTO KJIacca — HEOOXOANMOE YCIIOBHE
obecIieueHnst TEXHOJIOTMIECKON KOHKYPEHTOCIIOCOOHO-
ctu Poccun B XXI Beke. [TIPOTPAMMHDIE ITPO/IY K-
TbhbI I CUCTEMDbI Ne4(104) 2013 r.cTp.4-9.

3. Bemmmxos E.IL, Beresnn B.B., Kymmnupenko A.LL [Ipombii-

JIEHHOCTh, MHHOBAINK, 06pa3oBaHie U Hayka B Poccum.
Mocksa, HAYKA, 2010 1., 139 cTp.

Literature:

1. Betelin V.B., Bokserman A.A., et all. «<Problems in control-
ling oil recoverability by using supercomputer modeling»,
«QOil and gas engineering», 3quater of 2010, pp. 14 — 18.

2. Betelin V.B. «Creation and application of home-made super-
computer exa-flops technologies - an indispensable condi-
tion for compatibility of Russia in XXI century», «Software
products and systems», #4 (104), 2013, pp. 4 -9.

3. Velichov E.P, Betelin V.B, Kuchnerenko A.G. «Industry,
innovations, education and science in Russia», M.,
«Nauka», 2010, 139 p.




