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B nocnegHue rogbl MOAeNMpPoBaHne 6accenHoB
ceauMeHTaLMn N HedOTerazaoHOCHbIX CUCTEM
CTano HEOTBbEMIIEMOW YaCTbO MPOEKTOB MO
V3YYEHNIO AMHAMUKIM 0BnacTen ookasaHHOM 1
nepcneKTUBHON HedTerasoHocHOCTW. OCHOBHbIE
3aga4u, pellaemMble NporpaMmmamMm MogenmpoBaHns
HepTera3oHOCHbIX 6aCCENHOB, — STO BOCCTAHOBEHNE
NCTOPUM Fre0IONMHECKOro pa3BuTUS permoHa u Bcex
MPOLIECCOB, CONPOBOXAAIOLLMX CTAANN HAKOMIEHNS 1
npeobpa3oBaHns 0caf04HbIX MOPOA, 1 OPraHNYEeCKOro
BeLLeCTBa C NOC/eAyHOLLEN OLEHKOM BOSMOXHOCTU
HOPMNPOBAHNSA 3KOHOMUYECKN MEPCNEKTUBHbIX
3anexen XnNoKnx 1 ra3oobpasaHbix yrneBogopOA0B.
NopobHble MccnegoBaHns, MPOBOAVIMbIE HA

CTaguu NNaHMPOBaHUS reonoropasBefoyHbIX

paboT, CNOCOOCTBYIOT CHUXXEHWNIO PUCKOB MpW
OypPEHNN MOUCKOBbBIX 1 Pa3BEOOYHbIX CKBaXKMH.
PaccmatpurBaemas TeXHONOrMs OCHOBaHa Ha
OVNHaMNYECKOM MOOENNPOBaHNN OCHOBHbIX
TEPMOOMHAMNYECKIX MPOLIECCOB, 00YCNaBMBatOLLIMX
reHepaumnio, MUrpaLmio 1 HakomMeHre yriesonoponos
B HampaBfIEHNM BEKTOPA EONOrMHECKOro BPEMEHN,
T.6., B HANpaBneHNN OT APEBHENLLNX BPEMEH K
HacTosweMy (Hantschel and Kauerauf, 2009; Peters,
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B asin and petroleum system modeling is an
indispensable tool used to examine the dynamics of
sedimentary basins and their associated fluids, in order

to evaluate if past conditions were suitable enough for

the generation of hydrocarbons, which ultimately could
have been preserved there. Basically, modeling helps to
reduce hydrocarbon exploration risk. This technology uses
deterministic computations to forward simulate (i.e., past to
present) the thermal history of a basin and the associated
generation, migration, and accumulation of hydrocarbons
(Hantschel and Kauerauf, 2009; Peters, 2009).
Schlumberger’'s advanced basin and petroleum system
modeling software PetroMod*predicts the extent and timing
of hydrocarbon generation from source rocks, reconstructs
the basin architecture, migration pathways, locations of
potential traps and accumulations, and evaluates the risk
based on various geologic, geochemical, or fluid-flow
assumptions (Peters et al., 2009).

Simulations of petroleum-geologic processes through
time can be computed in 1D, 2D and 3D to evaluate the
geohistory of a well or pseudo-well (1D), a cross section
(2D) and/or multi-layered maps (3D). These computations
require a conceptual model of the basin history (e.g.,
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2009). BbICOKOTEXHOMOMMYHBIA MPOrPaMMHbIN
komnnekc PetroMod* komnaHum «LLintombepxxe»,
npeaHasHa4YeHHbI 05t MOOENMpPOBaHNA
CeAMMeEHTaLMOHHbIX 6acCerNHOB 1 HeTEra30HOCHbIX
CNCTEM, OCYLLECTBNAET MPOrHO3 BPEMEHN

reHepaumm 1 MacluTab Murpadmm yrneBogopoaos

13 HePTerazoMaTEPUHCKINX MOPOL, PEKOHCTPYKLMIO
CTPYKTYpbl 6accerHa, nyTen Murpaummn gaonaos 1
OLIeHKY Hanbonee BEPOATHOrO NMOMOXEHNS B paspese
noTeHLMalbHbIX NTOBYLLEK U ckomnnerun YB Ha
OCHOBaHWM peLleHns cncTtemMbl onddepeHumanbHbixX
ypaBHEHWN, ONMUCHIBAIOLLIMX OCHOBHbIE FE0SI0MMHYECKmE 1
reoxmmmnyeckme npoueccol. (Peters et al., 2009).

MoaenmpoBaHne rEOXMMNHECKMX U FEONOMHECKIX
MPOLIECCOB BO BPEMEHN MOXKET MPOM3BOaMTLCS B 1D
PasMEPHOCTI, ECIN PEYb UOET O BOCCTAHOBIIEHNN
reonorMHECKON UCTOPUN MO CTBOJY CKBaDKWHbI (M MCEBA0-
CKBaXKWHbI), B pa3mMepHOCTV 2D npu paboTe C re0IOMHECKM
npodunem 1 B 3D, ecnmn Ncnofb3yeTcs Habop KapT
reonoMMHECKIMX MPaHuL, MICCreayeMoro pervoHa.

Mopo6Hble pacHeTbl TPEOYIOT HANN4NSA KOHLUENTYabHON
reonoro-crparturpan4eckon MoOgenu passmTus
ceanMEeHTaUMOHHOro baccenHa ¢ naeHTUnKaumen
OCHOBHbIX MEPVOAOB HAKOMNEHNS U 3P03UK (pa3MblBa)
ocagkoB. CTeneHb OeTaNIbHOCTU KOHLENMTYaibHOM
MOAENN oNpefenseTcs 06beMOM Y KaH4ECTBOM
haKTU4ECKMX OaHHbIX MO PErUNOHY, T.€. ANs
Masion3y4EHHbIX TEPPUTOPUI B KAHECTBE Ha4aslbHOro
NPUBNMKEHNSA PEKOMEHOYETCS MCMOb30BaHWe
0606LeHHON (TpeHposol ) 2D nnu 3D reonoro-
cTpaTurpanHeckon Mogenmu ¢ BblAeNeHNEM NiLLb
OCHOBHbIX CTRYKTYPHbIX 9M1EMEHTOB U LIMKIIOB
OCadKOHaKoMnneHns. Ha ocHOBaHUM BXOQHOW
nHpopmaumm ctpoutcsa 2D mnn 3D umdposas
reonormyeckas Moaesnb, CyTb KOTOPOW B COB0OEHNN
NCXOOHOW re0Iorm4ecKom nHTepnpeTauun paspesa.
[axxe ecnu nccnegoBaHnsa NPOBOASTCS B KPAeBbIX
obrnacTsx, roe OTCYTCTBYHOT Kakne-nMbo AaHHble

O HanM4MM B paspese HepTerazoMaTepUHCKINX
OTNIOXXEHWI, NCMO/Ib30BaHWe NpoLeayp
6accenHOBOro MOAENMPOBaHMS BCE PaBHO MOXET
ObITb BECbMa MOME3HbIM AN MPOrHO3a BEPOATHOM
HedhTera3aoHOCHOCTH, T.K. Nofy4aemMas Mogesb
HeTEra3oHOCHOW CUCTEMbI MO3BONSIET NPOBEPUTD
OHOBPEMEHHO HECKOJIbKO MMNOTE3 O COCTaBe U
CBOWCTBax HeOTera3oreHepUpPYHOLLIMX OT/IOXKEHNIA

1 BO3MOXXHOM 0ObeMe CrpoayLMpOBaHHbIX
yrnesogoponos (Peters et al., 2009 ).

MopenmpoBaHe ocagoUHbIX 6acCernHoB 1
HedTEra3oHOCHbBIX CUCTEM SBMAETCH UTEPALIMOHHBIM
MHOFOCTYMeHYaTbIM MPOLECCOM, COCTOSALLIM 13 OBYX
OCHOBHbIX CTaauii: COBCTBEHHO MOCTPOEHNST CETOHHOM
MOAENM 1 ee OAMHAMNHECKOrO BOCCTaHOBEHWSA B
BbIGpaHHOM OvanasoHe reonormyeckon nctopum (Puc.1.),
* Mapka LLntombepxe
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Figure 1. The multiple, interrelated steps of basin and
petroleum system modeling (from Al-Hajeri et al., 2009).

deposition and erosion of the strata). Data availability
determines the complexity of the conceptual models, e.g., in
poorly explored areas a simple sketch of basin stratigraphy
and architecture in two or three dimensions (2D or 3D) is
recommended as a starting point. A 2D model based on a
geologic type section or a 3D model based on subsurface
maps from seismic data might be constructed to capture

a geologic interpretation of the study area. Even in frontier
areas where source rocks have not been identified, basin
and petroleumn systerm modeling is a powerful predictive tool,

ROGTEC | 87



B PA3BEOKA

6onee NogpobHO STOT NPOLIECC onmcaH B paboTax Al-
Hajeri et al. (2009) and Peters et al. (2009)).
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OcHoBHas Liefb AaHHOV Ny6nKaummn, NpeacTaBnsoLLEn
OTKaIMbpoBaHHyto 3D Moaenb HePTErazoHOCHOM
cuncTeMbl CeBEPHOro CKNoHa ANSCKK, - AokasaTb
BO3MOXXHOCTb MPUMEHEHNS pa3paboTaHHOM METOOMKN
NS OLIEHKM MEPCMNEKTUB OCHOBHbIX HEDTEra30HOCHbIX
BaccelHoB Ha TeppuTopun Poccuinckomn degepaLin.
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because of the easy flexibility it provides in examining multiple
hypotheses of source rock richness and thickness and the
volumes and compositions of hydrocarbons that might have
been generated (Peters et al., 2009).

Basin and petroleum-system modeling is an iterative
process with many interrelated steps, consisting of two
main stages: model building and forward modeling (Fig.
1; see Al-Hajeri et al. (2009) and Peters et al. (2009) for
detailed description of the workflow).

By presenting the calibrated Alaska North Slope 3D
petroleum system model, the main aim of this paper is to
evaluate the applicability of the same simulation technology
on diverse Russian basins. Similar to northern Alaska, the
Siberia petroleum provinces are characterized by some
regions that are largely explored and developed, whereas
other areas are still in the early exploration phase and so
far have not been investigated in detail. As the largest

oil producing province, the West Siberian basin supplies
approximately 70 percent of the oil and 90 percent of

the gas produced in the Russian Federation (EIA, 1997).
However, huge amounts of undiscovered resources likely
remain, and therefore detailed modeling will be essential to
understand the key uncertainties of the petroleum systems
and to explore more efficiently. This is briefly discussed
with respect to the existing Alaska North Slope 3D
petroleumn system model, which reconstructs, quantifies,
and evaluates the individual petroleum systems, burial
history, thermal evolution, migration, accumulation, and
preservation of hydrocarbons (Schenk et al., 2011). The
results of this geological framework provide an assessment
of the remaining potential hydrocarbon resources in this
remote, but prolific province. Based on this modeling
experience we suggest applying the same modeling
principles to Siberian basins located at the central and
western part of Siberian platform. This will i) increase
understanding of existing and hypothetical petroleum
systems, ii) help to assess the remaining potential
hydrocarbon resources on a regional scale, iii) help to
reduce hydrocarbon exploration risk, and iv) provide a
consistent approach to compare and evaluate prospects
using one of the most recent and important developments,
that is local grid refinement.

East and West Siberian Petroleum Provinces

- Geological Complexity and Traditional Exploration
Sedimentary basins across Russian Federation are
characterized by several large hydrocarbon provinces
containing between 2269 and 2325 known oil and gas
fields (Kalamkarov, 2003) (Fig. 2), of which the West
Siberian and the East Siberian basins are the most
prominent. These two hydrocarbon provinces are
characterized by different basin evolutions but both contain
large volumes of hydrocarbons. The East Siberian province
is a Meso-Neoproterozoic Riphean sedimentary basin
(~1650-650 Ma) representing one of the oldest productive

www.rogtecmagazine.com
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B PA3BEOKA

Hanbonee cxoxumm no ycnoBusiM HehTerasoHaKOomMneHms
ABNSOTCS HedhTerazoHOCHbIe MPOBUHLMK Crbupn, roe,
TaK >Xe KaK 1 Ha ceepe ANACKN, ECTb pPalioHbl C Pa3BUTON
HedTerasogobbIBatOLLEN 1 re0I0ropas3BenoYHoN
MPOMBILLIIEHHOCTBIO 1 PaioHbl, Fe OCBOEHWE
MECTOPOXAEHWN HEPTU 1 ra3a TOSIbKO HaYMHAETCA

11 0OBEM HaKOMMEHHbIX JaHHBIX eLle HeBeMvK. Ha
TEppPUTOPUM KpynHernLlero B Poccum 3anagHo-
Cnbupckoro HehTerasoHOCHOMO BaccenHa obbIBaeTCA
nopsigka 70 % Hed 1 90% rasa B cTpaHe (EIA, 1997).
Tem He MeHee, MpeanoaarasTcs, YTO B PEMMOHE U

cenvac NpUCyTCTBYET 60NMbLLON 06 BEM HEAOU3YHEHHbBIX
3anacoB YriieBOAOPOL0B M UMEHHO OeTallbHas

Mogenb baccenHa MOXET 4aTb KoY K MOHUMAaHUIO
MEXaHN3MOB 1X reHepaLm 1 pacnpedeneHns B pa3pese
0Cafo4HOro Yexna, 1 TeM cambiM CMOCOBCTBOBATL
MOBbILLEHMIO 3DEKTUBHOCTU rE0I0rOPasBeAOHHbIX
paboT. CyLLeCTByOLLME HEOMPEOENEHHOCT B

OLIeHKe NoTeHUmana CMBUPCKMX HEPTEra3oHOCHbIX
MPOBVHLINIA KPaTKO U3MOXEHBI B AaHHOW CTaTbe C

LieSblO CPaBHUTENBHOMO aHas!3a C yXKe CyLLECTBYHOLLEN
3D Mopensto HepTera3oHOCHOW CUCTEMbI BaccenHa
CeBepHoro ckoHa Anscku. MNpoLecc MoaenMpoBaHns
BKJTKOHa B Ce651 PEKOHCTPYKLMIO, KONIMHECTBEHHbIN
aHaNM3 1 OLIEHKY OTAeSbHbIX HETerazoreHepaLmOHHbBIX
CUCTEM, BOCCTaHOB/EHME UCTOPUM 3aXOPOHEHNS OCaOKOB,
N3MEHEHNSI TEPMaIbHOO PEXIMMA, MUrPaLIM, HAKOMIEHNS
1N COXPaHEHNsI CKOMIEHWN CreHepupoBanHbiX YB. (Schenk
et al., 2011). lNpoBegeHHasA paboTa Mo BOCCTAHOBIEHNIO
re0sIOrMHYECKOro CTPOEHWS 1 UCTOPUM PasBUTASA

pervoHa no3eonmna 6onee TOHYHO OLEHNTL OCTaBLUMIACS
YrNeBOOOPOOHBIV NMOTEHLMAN 3TOW YAAIEHHOW, HO
MEPCEKTUBHOM MPOBUHLMN. Oninpasic Ha MOJTyHYEHHbIN
OMbIT YCMELLHOrO MOAENMPOBaHNS, Mbl MPe4iaraem
1CMONB30BaTh PadpaboTaHHbIN MOAXOA, K OLEHKe
MepPCNeKTUB HedyTEra3oHOCHbBIX HaCCENHOB, PaCTONOXKEHHbIX
B LIEHTPaJIbHOM 1 3anaaHom YacTsx Crbmnpckon nnatdopMbl.
BbinonHeHne nogobHOro MpoeKTa MOXET CNOCOOCTBOBATD :
i) Bonee rnyboKoMy MOHMAKO CTPOEHWST Y>KE N3BECTHbIX

1 eLLe HepasBeaaHHbIX HedhTEra30HOCHBIX CUCTEM, i)
YTOYHEHMIO OLIEHKW OCTaBLLIErOCS YIIEBOAOPOAHOMO
noTeHLpana B pervioHe 1 BEPOSITHBIX PECYPCOB HEDTN 1 rasa,
iii) CHVPKEHNIO PUCKOB MY MPOBEAEHNM FE0NOropas3BenoqHbIX
paboT, iv) 06eCNEHEHNIO CUCTEMHOMO MOAXOAA K OLEHKE
HOBbIX Y4aCTKOB C VCMOSb30BaHNEM HOBEVLLIEN TEXHONOMN
JIOK&JTbHOIO U3MESTBHEHMS CETKU 1 OETANM3aLMN MOOENN.

BocTouHo-Gnbupckaa n 3anaaxo-Crubupckan
HethTera3oHoCHbIe NPOBUHLWM — CI0XKHOCTU reoJIorMyecKoro
GTpoeHuA U ThaAULNOHHbIE NoAXoAbl K U3YYEHUID

B npepenax ceaMeHTaUMOHHbIX 6aCCenHOB Ha
TeppuTopun Poccuiickon efepalinm BolaensaeTcs
HECKOJTbKO HeTerasaoHOCHbIX MPOBUHLIMIA,
06bEeOVHAOLLIMX OT 2269 00 2325 yr>Ke N3BECTHbIX
MECTOPOXAEHUA HedhT 1 rasa (Kalamkarov, 2003) (Pu1c.2),
cpeay KOTOPbIX HECOMHEHHO CaMbIMM KRYTHbIMM
saBastoTCs 3anaaHo-Cubnpckas n BocTovHo-Crbmpckas
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hydrocarbon provinces in the world (e.g., Everett,

2010). A recent estimate of the hydrocarbon productive
potential of this basin is 29,953 MMBOE (IHS, 2010). The
evolution of this very old and large petroleum province is
characterized by several sedimentary megacycles, which
resulted in accommodation of thick sedimentary deposits
(Frolov et al., 2011). The megacycles are distinguished by
unconformities with accompanying erosion. The youngest
deposits of each megacycle are carbonaceous sediments.
The entire depositional system was subsequently deformed
by a Neoproterozoic orogenic event. The province is
characterized by multiple source and reservoir rocks. Peters
et al. (2007) provide biomarker and isotope evidence for the
genetic oil families in East Siberia, three of which originated
from different organofacies of Precambrian marine marl
source rock. However, direct oil-to-source rock correlations
are lacking and more understanding is needed for the
effect of the complex tectonodeformation history on type

of trap structures (Frolov et al., 2011). Considering such
uncertainties, a dynamic basin and petroleum system
model can provide important information on the timing of
trap formation in relation to the process of hydrocarbon
generation, migration, and accumulation.

3. Timan-Pechora 1. West Siberia
Tﬂvauc-ﬁl'leuqu:-i ¢ JanagHo-Cwbupckan
Y

4. Volga-urals
Bonro-¥pansckan u/

CaxamiH

5. North Caspian
Cepepo-Haamickan

2. East Siberia
BocrouHo-Culupcran

PucyHok 2. Cxema rpaHuL pacnpocTpaHeHnsa OCHOBHbIX
ceaMMEeHTaUMOHHBIX 6aCCENHOB 1 HeDTEra30HOCHbIX
NpPoBMHUMIA Ha TeppuTopun Poccuinckon ®epepaunm (a)
KapTta HedpTAHbIX pernoHoB. (b) O606LeHHbIN pa3pes
BocTo4Ho-Cubumpckoro ceanMeHTaumMoHHoOro 6accenHa B
HanpasfeHun BOCTOK-3anag, OTpa>katoLmin OCHOBHbIE
CTPYKTYpHbIE 3nemMeHTbl bacceinHa (Mogndmnkauma
Bepcun Kanamkaposa, 2003).

Figure 2. Graphic showing main sedimentary basins and
hydrocarbon provinces of Russian Federation (a) Map of
petroleum regions. (b) Generalized east — west geological
cross-section of a part of the East Siberian basin depicting
basin geometry (modified after Kalamkarov, 2003).

The West Siberian hydrocarbon province is the largest
oil and gas producing basin in Russia. Most discovered
hydrocarbon relates to the well understood Mesozoic
petroleum systems (Bazhenov-Neocomian; Togur-
Tyumen; e.qg., Peters et al., 1994; Ulmishek, 2003;
Vyssotski et al., 2005). Hydrocarbon-rich Mesozoic
deposits accumulated after giant basalt emplacements
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HeOTErasoHOCHbIE MPOBUHLIM. 3TW ABa HeERTErasoHOCHbIX
BacceniHa XxapaKTepuaytoTCa pasnYHbIMK YCIOBUSMM
hopMMPOBaHMA, HO B Hedpax 060MX CoAepXaTcs
BonbLUne 06beMbl yriesoaopoaoB. Bo3pacTt BocTouHo-
Cubupckoro baccerHa OUEHMBAETCS Kak Me30-
HeonpPOTEPO30M-pUdenckmni (~1650-650 MUIIMOHOB NET)
1 3TO OenaeT COOTBETCTBYHIOLLYIO eMy HETEra3OHOCHYHO
MPOBUHLMKO OAHOW N3 APEBHENLLNX U3 HblHE N3BECTHbIX

B Mupe (e.9., Everett, 2010). o nocnegHnm ougHKam,
HedbTerasoreHepaLMOoHHbIV MoTeHLman baccenHa
oueHmBaeTca B 29,953 MMBOE (~ 3,792 MmrH. T.) (HS,
2010). VicTopust 3BONIOLMM 3TOMO APEBHErO 1 OOLLMPHOro
PervoHa BKITFOHaET HECKOSBbKO CeAVMEHTaLIMOHHBIX
MerauyKIIoB, KOTOpbIE MPUBENM K POPMUPOBAHNIO
MOLLIHOrO ocafo4Horo Yexna (Frolov et al., 2011).
Merauykrbl UICTOPUYECKN Pa3aensanmch nepepbiBaMmm

B OCaOKOHAKOMIEHNN 1 HETKO UAEHTUDULIMPYIOTCS B
paspese rpaHnLaMy cTpaTurpadnHecKx HECOrnacum u
3PO3NN  HYPKENEXKALLMX OTIIOXKEHNI. Hambonee monoasiMm
B Mpeaenax Kaxkaoro Merauykia sSenstoTcsa kapboHaTHble
oTnoXeHnst. Besa Tonwa ocagkos 6bina aehopmMmnpoBaHa
1 CMATa B CKMaAKN BO BPEMST HEOMPOTEPO30MCKOMN
cknag4aTocTu. B npegenax npoBUHLM BblAENAETCA
HECKOJIbKO HedhTEra30HOCHBIX cUCTEM. B paboTe Peters
et al. (2007) npencrasneHsl BUOMaPKEPbI 1 aHaIN3
N30TOMHOMO cocTara YB Anst HECKOMBbKMX FEHETUHECKMX
rpynn HedbTen ¢ MecTopoxxaeHWin BocTouHom Crnbupu,
TPW rpynnbl HedTel OAHO3HAYHO Db CreHepUPOBaHbI

B npefesnax pasfindHblX opraHodaumii MOPCKX
N3BECTKOBUCTBIX MIMH OOKEMOPUIMCKOrO BO3pacTa.
OpHaKo YeTKMX KOPPENALIMOHHBIX 3aBYCYMOCTEN MeXXay
COCTaBOM HeddTEN N UCXOOHBLIMU HePTEMATEPUHCKMM
nopogamm HaaeHo He 6bINo, MO3TOMY BbINo
PEKOMEHOOBAHO MPOBECTU AOMNONMHUTESNBbHBIE
MCCneaoBaHns Mo MAEHTUMUKALMM BINSAHNSA CITOXHbIX
0edOopPMaLMOHHBIX 1 FEOTEKTOHNHECKIX MPOLIECCOB

Ha (DOPMMPOBAHNE CTPYKTYPHbIX NIOBYLLEK B PEMMOHE
(Frolov et al., 2011). INpuHMMasa BO BHUMaHWE YPOBEHb
CYLLECTBYHOLLMX HEOMPEAENEHHOCTEN, MOXHO
npPeanoioXKnTb, YTO UMEHHO AMHaAMMYecKas MOAENb
BaccerHa 1 CoOnPsXKEHHbIX HEPTEra3oHOCHbIX CUCTEM
MOXXET MOMOYb B ONPEeAeNeHN COOTHOLLIEHNS BO
BPEMEHM MPOLECCOB reHepauun yrineBoOAopoa0B,
HhOopPMMPOBaHUSA CTPYKTYPHbBIX IOBYLLEK 1 BOSMOXXHOM
MUrPaLIMn 1 HAKOMNIEHNS B HUX HeOTW 1 rasa.

3BanagHo-Crbupckas HedpTerasoHoCHas MPOBUHLINSA
ABNSETCH KPYMNHEnLLEN Ha TeppuToprn POCCUNCKOM
depepaunmn. bonbluas HacTb OTKPbITbIX 30ECh CKOMMEHWN
HedT1 1 ra3a NpuypoYeHa K ABYM HedpTera3oHOCHbIM
cucTeMamM Me3030MCKOro Bo3pacTa — (6akeHOBCKO-
HEOKOMCKOW 1 TOMYPCKO-TKFOMEHCKOM ; e.g., Peters

et al., 1994; Ulmishek, 2003; Vyssotski et al., 2005).
HacbILLEHHbIE OPraHUYECKM BELLIECTBOM OCaAKN ME303041
HakanMBanm1cb Mo BCen Tepputopum BaccerHa nocne
OBLLMPHOro pasnmea 6a3asTOBOW f1aBbl MPUMEPHO Ha
rpaH1Le nepmm 1 Tpraca.
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at about the Permian-Triassic boundary. According

to Brink (2009) these basalt flows are associated with
accreted crust suggesting that the basin’s subsidence
cannot be explained by classical stretching models (e.g.,
McKenzie (1978) and Wernicke (1981) and references
cited therein) so that additional analysis and calibration
of the basin’s thermal development and subsidence

rate are required. Nevertheless, despite such complex
geological development, easily assessable hydrocarbon
accumulations associated with these major “younger
Siberian” prospects are largely explored. Apart from
large Cretaceous prospects, the West Siberian basin
hosts smaller and thus “less prospective” Jurassic and
Paleozoic prospects, which are much less understood
(e.g., Karodogin and Nezhdanov, 1988; Ablya et al.,
2008), because in addition to the Mesozoic burial,
Hercynean deformation, pre-Triassic uplift and erosion as
well as early Triassic rifting control these older petroleum
systems. By using petroleum system software these
so-called “less-prospective” prospects now can be
evaluated and quantified in more detalil.

Both Siberian provinces show major differences in

the exploration strategy, as exemplified by the ratio

of number of wells versus seismic data. While in

West Siberia the density of wells clustered around
hydrocarbon accumulations is very high and only
relatively few seismic datasets exist, the situation in East
Siberia is reversed. According to the Energy Information
Administration Report from 1997 (EIA, 1997) individual
reservoir data are available in 70 percent of the fields
across the West Siberian province. For both Siberian
hydrocarbon provinces, the major initial difficulty is
relatively poor integration, management and maintenance
of exploration data (such as seismic and well data) that
subsequently could lead to an incomplete investigation of
petroleum systems and their mechanisms. Consequently,
such polarized and non-integrative exploration resulted

in production oscillations (as described within the same
Energy report). West Siberian intensive production was
interrupted by the two phases of oil production decline
(8.5 to 4.1 million barrels per day) between 1988 and
1994 and a slight decline from 22.6 to 21.9 trillion cubic
feet per year (61.9 to 60.0 billion cubic feet per day)

of gas between 1991 and 1993. Phases of production
decline raised concerns about the potential of the basin
as a long term supplier of oil and gas. However, the sum
of the estimated ultimate recovery (EUR) from discovered
(EIA) and undiscovered resources (Ulmishek 2003)
indicate that significant potential remains in the West
Siberian Basin.

In order to better understand key uncertainties of Siberian
hydrocarbon systems, we illustrate this advanced prediction
technology by presenting the Alaskan North Slope model
computed entirely in PetroMod — Schlumberger’s petroleum
system modeling software.
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[No npegnonoxxeHno Brink (2009), 3T naBOBble MOTOKN
CBsI3aHbl CO CPOCLUMMMCS yHaCTKaM 3EMHON KOpbI
1,CNeaoBaTenibHO, MPOLECC MOrpy»XeHus bacceinHa He
MOXKET BbITb OMMCaH C TOYKN 3PEHMS KITaCCUHECKOM

TEOPUM CTPETHUMHIA ( PaCTSHKEHUA ) IUTOCKEPD!

(e.g., McKenzie (1978) n Wemicke (1981) 1 ccbinkn B

JaHHOM paboTe) 1 4719 KOPPEKTHOrO MOAENMPOBaHNSA
TepMoaMHaMUYECKOM OBCTaHOBKM 1 CKOPOCTW MOMPY>KEHIS
BaccelHa ¢ nocneayroLLEN KanmbpoOBKON HEOOXOANMbI
[OoMNoNHUTENBHBIE NabopaTopHble MccneaoBaHns. Ho,
HECMOTPS Ha CTOJb CIIOXKHYHO MCTOPWO FE0NOMMYECKOrO
Pas3BUTIS, TETKOAOCTYMHbIE CKOMMEHMS YrNEBOAOPOA0B 3TUX
«CaMbIX MOJOAbIX» CUOMPCKUX HEQITEra30HOCHBIX CUCTEM
[OCTaTOYHO XOPOLLIO M3yHeHb!. Kpome BbICOKOMPOAYKTVBHbIX
KPYMHbIX 3a/1EXKEN B MESTOBbIX OT/IOXKEHMSX, HA TEPPUTOPM
3anagHo-Crbunpckoro HedpTerasoHOCHOo baccelHa
BCKPbIThI, TaK Ha3blBaEMbIE, «<MalO-NMEPCNEKTUBHbIE» 3ATIEMM
YrNEBOAOPOAOB B FOPCKUX 1 MANEO30MCKIMX OTIOXKEHUSIX,
FeHe3NC KOTOPbIX 3HaYUTENbHO MeHee MOHSATEH (e.J.,
Karodogin and Nezhdanov, 1988; Ablya et al., 2008), Tak

KaK Ha hOPMUPOBAHIE 3arEXXEN B 3TNX BOee OPEBHMX
HedhTera3oHOCHbIX CUCTEMaX OKa3asio BINSHUE HE TOSTbKO
obLLee Norpy»xeHue 6accerHa B ME3030CKOE BPEMST, HO

1 repUMHCKasi CKaaqaTocTb, NoabeM TeppUTopun B Npes-

Case study - Alaskan North Slope

The Alaska North Slope, including the adjacent Beaufort
and Chukchi continental shelves, is one of the remaining
petroleum exploration frontiers, and is estimated to contain
most of the undiscovered oil and gas resources in the North
American Circum-Arctic (Gautier et al., 2009). We presented

a calibrated 3D model of the Alaska North Slope region
that was constructed and analyzed in collaboration with the
U.S. Geological Survey. This study reconstructs, quantifies,
and evaluates the development of the individual petroleum
systems, burial history, and thermal evolution, as well as
migration, accumulation, and preservation of hydrocarbons.

The geologically complex Northern Alaska petroleum
province evolved through the tectonic stages of passive
margin, rift, foreland basin, and foreland fold and thrust
belt. Petroleum was generated from several source rock
units, and many reservoirs show evidence of mixing of
hydrocarbon source types. Rift-related structures and

a regional break-up unconformity are critical trapping
and migration components of the largest oil and gas
accumulations. In addition, stratigraphic traps that
developed during extensional and compressional tectonic
regimes show significant resource potential in Jurassic
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PucyHok 3. O630pHana kapTa pervoHa mogenu 6acceriia CeBepHOro ckioHa ANACKKW C pacronoXeHNneM ceTn
CEeMCMUYECKUX HABNMIOAEHUA U CKBAXKUH, AaHHbIE MO KOTOPbIM BbI/TN MCMOMb30BaHbl MPU pacyeTe CTPYKTYPHbIX
NIaHOB N KapT M30MaxmT, CTaBLUMX OCHOBAHMEM [ANA NMOCTPOEHUA KapkKaca TPEXMEPHON reonornyeckorn Mogenu.

Figure 3. Location of the northern Alaska study area showing the seismic lines and wells used in generating structure

and isopach maps incorporated in the model.
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EXPLORATION M

TPMACOBbIN NEPUOL, 1 Pa3BUTUE PUITOBON CUCTEMbI B
paHHeM Tprace. C MOMOLLIBHO HaCCENHOBOrO MOAEMPOBaHIS
3T «Mas0-NEPCNEKTVIBHBIE» CUCTEMbI U 3ASIEXKN B HUX MOTYT
ObITb celvac bonee AeTanbHO MPoaHaIN3NPOBaHb!

N U3yHeHBb!.

Ha npumepe aByx Cromnpckix HedbTeradoHOCHbIX
MPOBVHLMIA MOXHO HabstoaaThb PasHuLY B Moaxoaax

K MNaHMPOBaHMIO Fe0oropas3BenoUyHbIX paboT, B
YaCTHOCTU, aHaNM3NPYst COOTHOLLIEHNE OOBEMOB
cerncMopasBenoyHbIx PaboT 1 BypeHnd. B To Bpems,

kak B 3anagHo-CUBUPCKOM PErvioHe MOTHOCTb CETKM
pa3BeaOYHbIX CKBaXKWH, CKOHLEHTPMPOBAHHbIX B parioHax
O0Ka3aHHOM HehTEra3oHOCHOCTW, OOCTATOYHO BbICOKA

1 OTHOCUTENBHO HEMHOMO AaHHbIX CENCMOPa3BEOKN,

B BocTouHOM Crbmpn COOTHOLLIEHNE MPaKTUHECKN
obpaTHoe. CornacHo gaHHbiM OT4eTa ynpaBneHus
nHopmaumn B sHepreTuke ( EIA, 1997), ana 70 %
MecTopoXxaeHun 3anagHon Crnbrpu eCTb XapaKTEPUCTUKM
3aNexen No pesynbTaramM BCKPbITUSA BCex MnactoB. [ng
0Berx MPOBUHLMI XapakKTePHbI Ha4abHble TRYAHOCTU

B U3YYEHWN, CBA3aHHbIE CO CNabom MHTErpaLmen n
ynpaBeHem cbopa 1 XpaHeH st reosioropasBeqo-HbIX
MaTepuasioB (TakNX Kak Matepuasibl MoLaaHOM
CeNcMopasBenKM, MONCKOBOIO 1 PasBefoHHOro BypeHist),
4YTO, COOTBETCTBEHHO, BEAET K CHMXKEHNIO YPOBHS
N3Yy4EHHOCTN HE(PTEra30HOCHbBIX CUCTEM 1 MEXAHN3MOB UX
hopmmpoBaHuA. Kak cneacTare CTosb HepaBHOMEPHOM
N3y4EHHOCTW 1 HECOrTaCOBAHHOCTU B MPOBEAEHNN
reoIoropasBefoYHbIX PabOoT, MO AaHHBIM TOMO XKE OTHETA,
BO3HWKAIOT 3HA4UTENbHbIE KONebaHns B ypOBHE A00bIHN.
VIHTEHCVBHBIN NPOLIECC OCBOEHNA MECTOPOXXAEHNN
YrNeBOOOPOOHOrO Chipbst B 3anagHom Crnbupn ncnbitan
OBe hasbl 3HAYNTENBHOMO craga Npoun3BoacTea. Iepsast
haza Habntoganack B nepuog ¢ 1988 no 1994 ropa, korga
cpeaHecyTo4YHasa nobbida HedT ynana ¢ 8.5 0o 4.1 MnH
Bappenen B CyTkn, BTOpas hasa oxapakTepmusoBanacb
He3HaYMTENbHBIM NMafeHneM 06 beMOB 0Dk rasa - C
22.6 no 21.9 Tpn. kyb.chyToB rasa B rog, (61.9 go 60.0
Mnpa.Ky6. dyToB B AeHb) B nepuog ¢ 1991 mo 1993 rr.
CT0Mb OLLYTUMOE NMafeHne YPOBHs 00ObIHM 3aCTaBUIIO
HEKOTOPbIX 3KCMEPTOB 3aCOMHEBATLCA B CMOCOBHOCTU
Poccum coxpanHnTb CTaTyC HaOEXHOro MOCTaBLUMKA
HeddTV 1 ra3a Ha MexxayHapodHbI pbiHOK. OAHaKo OLeHKa
n3enexkaemMblix 3anacos (EUR) 13 oTkpbITeiX (EIA) 1 elle
HeoTKPbITbIX (UImishek 2003) mecTopoxxaeH1min nokasana,
YTO OCTaTOYHbIN YrNeBOAOPOAHbIN NOTEHLMaN 3anagHo-
Cnbupckoro baccerHa eLlge o4eHb BEVIK.

[anee Mbl NPOVNIOCTPVPYEM, KaKUM 06pasoM

MO>XHO CHW3UTb CTemneHb HeoNpeaeNeHHOCTA B

OLieHKe MoTeHUmana HedpTerasoHOCHbBIX CUCTEM
CurBMPCKMX MPOBUHUMK, Ha MPUMEPE MPUMEHEHS
paspaboTaHHOW HaMK METOAVKM ANst MOCTPOEHWA MOOENM
HedbTerasoHOCHoM cructeMbl CeBEPHOrO CKIIOHa ANSICKIA.
Best MeToavka peanusoBaHa Ha 6a3e NporpamMmHoOro
KoMmrnekca komMnaHun «LLintombepxxe» PetroMod.
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through Cenozoic shelf and turbidite sequences.
Regional modeling of the tectonic and sedimentologic
evolution of Northern Alaska through time provides an
opportunity to integrate and analyze many aspects of
petroleum system development. The model encompasses
275,000 m2 (832 x 520 km with a grid spacing of 1 km;
Fig. 3) and includes the Chukchi platform, the Beaufort
continental shelf, and the foothills of the Brooks Range.
The model is based on 48,000 km of newly interpreted
2D seismic and a database of 400 wells that include
calibration and geochemical data. Particular attention
was paid to mapping onlap and truncation relations
developed during passive margin and rifting stages
(Mississippian to Early Cretaceous) in recognition of
their importance as hydrocarbon migration pathways
and traps.

The overlying Brookian Sequence with a total thickness
of up to 8,000 m was deposited during Cretaceous and
Cenozoic time in a foreland basin filed by longitudinal
progradation from WSW to ENE (Bird, 2001). The
reconstruction of this paleo-geometry—diachronous
deposition, facies variation, and thickness distribution

as well as variations in paleo-basin geometry—was one
key element of this study. These time-transgressive
deposits were reconstructed by using timelines rather than
formations. They were mapped from surface traces and
shelf edges. The effects of multiple Tertiary erosion events
were also taken into account.

Contour maps of original TOC (TOCo) and HI (Hlo) for
source rocks were taken from Peters et al. (2006) and
extrapolated to the limits of the present study. Thermally
immature source rock samples were analyzed using the
new ‘Phase Kinetics’ procedure developed and calibrated
for PVT-controlled prediction of hydrocarbon phases and
properties, such as APl and GOR (di Primio and Horsfield,
2006). The results of the analysis were assigned to the
respective source rocks.

Abundant well data for the Alaska North Slope allowed
calibration of both pressure and temperature in the
subsurface. The pressure was calibrated in two steps (rock
compressibility and permeability). Heat flow was calibrated
against vitrinite reflectance and later cross-checked with
corrected bottom-hole temperature data.

Forward deterministic computations were applied to
simulate the burial history of the rock units and the
generation-migration-accumulation of petroleum within
a 3D cube through time (e.g., Hantschel and Kauerauf,
2009). A key aspect of the 3D Alaska North Slope model
is that it incorporates the time-transgressive deposition
of the Cretaceous-Tertiary Brookian Sequence, the
thickness difference between the foothill region and the
Barrow Arch, and the diachronous pulses of Tertiary
uplift and erosion (Fig. 4).
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MpaKkTyeckuit npumep - Moaenb HethTerasoHoCHOro
6acceifHa CeBepHOro CKnoHa Anacku

CeBepHbI CKNOH ANSICKN 1 COCEAHME C HUM MaTEPUKOBbIE
LenbdoBble 30HbI HyKOTCKOro Mops 1 Mopsa BodopTa
ABMAKOTCS 3NEMEHTaMN OKPANHHOMO CEANMEHTALMOHHOMO
facceinHa, KOTOPbI MO OLEHKaM 3KCMEPTOB COOEPKNT
OOonbLLYIO YacCTb ElLLe Hepa3BeaaHHbIX 3anacoB HedTU

1 ra3da B apKTuieckom cekTope CeBepHO AMEPUKN
(Gautier et al., 2009). Mbl npeacTaBnsiemM Ballemy
BHVMaHWIO OTKaITMOPOBAaHHYIO 1 MPOaHaNM3MPOBAHHYHO
3D mMopenb HedbTerazoHocHoro 6acceiHa CeBepHOro
CKJIoHa AJISICKM, KOTOpast ABUIack PesynbTaToM Hallen
COBMECTHO paboTbl C AMEPUKAHCKUM Fe0NTOMMHECKUM
kommuteToM ( U.S.G.S. ). B x0oae paboTbl Haa NpOeKTOM
Oblna BbINOSHEHA PEKOHCTRYKLNS, KONIMYECTBEHHAA U
Ka4eCTBEHHasA OLEeHKa CTEMNEHW PasBUTUS OTAENbHbIX
HedTera3oHOCHbIX CUCTEM, BOCCTAHOBSIEHA UCTOPUSA
3aXOPOHEHVS OCAKOB, USMEHEHVA TEPMATBHOMO PEXnMa
1 CNPOrHO31POBaHbl BOSMOXXHbIE MyTU MUMPaLK,
CKOMJEHNS N KOHCepBaLmmn creHeprpoBaHHbIX YB.

TeKToHNHECKOE pasBUTE AOCTATOHHO CMIOXHOM MO CBOEMY
FeoIOrNHECKOMY CTPOEHIO HEPTEra30HOCHOW MPOBMHLIMN
CeBepHOro ckJioHa ANSICKIA MPOVICXOAMIIO MOCNEA0BaTENBHO
B 06CTaHOBKAxX MaCCUBHOM OKpauHbl 6acceliHa, 30Hb!
pudTa, PPOHTaNBHOM YacTy BaccenHa ceayMeHTaLn

1 (DPOHTATBHOM CKMaa4aTo-HaaB rOBOM 30HbI.

["eHepauysa yrneBOAOPOAOB MPONCXOAMIA B HECKOSIBKX
HePTEMATEPUHCKNX TOSLLAX, Y CMELLIAHHHBIN TUM HEDTEN

B MPOOYKTVIBHbIX FOPU30OHTax MOATBEPXKAAET HA/NHME B
paspese baccelrHa HECKOMbKIX HETEra3onpPOayLMNPYHOLLIMX
TonL,. Hanbonee KpynHble 3anexxun HedTu 1 rasa
KOHTPONMPYHOTCS CTRYKTYPHBIMI SrieMeHTamMm pudpTa 1
PEMIOHANTBHOM MOBEPXHOCTHIO Pa3MbIBa, OKa3aBLLIMMM
peLLatoLLIEE BMMSHE Ha MPOLIECCH Mrpaumn YB r
hopMMpOBaHMe CTPYKTYPHbIX JIOBYLLEK. KpoMe Toro,
[0CTaTO4HO 60MBLLION MNOTEHLINANBHBIN O6bEM PECYPCOB
YrMeBOAOPOAOB MPUYPOHEH K CTPaTUMPANHECKM
JIOBYLLIKaM, CHOPMMPOBABLLMMCS B PEIY/IbTATE aKTVBUSALIAM
MPOLECCOB  PACTKEHNS U CXATUSA 3EMHON KOpbI,
COOTBETCTBEHHO B FOPCKUX U KAMHOZOMCKUX OTIIOXKEHNAX
daupmin Lwenbta 1 TypOnauToBbIX MOTOKOB.

BoccTaHoBneHve pervoHansHON AMHAMYECKON MOLEN
TEKTOHNHYECKOrO U CEAMMEHTALIMIOHHOIO Pa3BUTUA
bacceliHa CeBepHOro ckioHa AsiCKX NO3BOMNIO
0006LLNTL U MPOaHaNM3NPOBAaTb MHOTME acreKTb!
hopmMmpoBaHnsa HedTerasoHOCHOM cucTembl. [nowaas
MOLENM COCTaBNAeT nopsaka 275,000 kM2 (rpug
pa3mMepHOCTLIO 832 x 520 KM C pacCTOAHNEM MeEXY
y3namu ceTkn 1 kKM, Puc.3), BKItoHast TEpPUTOPUIKO
HyKOTCKOM MnaTtdopMbl, KOHTUHEHTaSbHBIV LLENbd MOpPS
BodopTta n nogHoxbe xpedta bpykca. OcHoBaHneM ons
MOCTPOEHUA MOAENN MOCIY>XUW Pe3ybTaTbl HEAaBHO
3aBepLueHHoM MHTepnpeTaumm > 48,000 NOroHHbIX
KUNOMETPOB 2D CENCMOCBEMKIM 1 MHGOPMaLVMs No 6ornee,
4em 400 CKBaDKMHaM, BKITHOHast AaHHbIE KalIMOPOBKM 1
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PucyHok 4. Pe3ynbTatbl MOAeNnMpoBaHuA npouecca
npornbaHna GPyKCKOro KOMMieKca n cepum TpeTUYHbIX
3p03Ui1 B CEBEPHON YacTn ANACKN Ha HECKONbKMX
BPEMEHHbIX aTanax. ObpaTtuTe BHMMaHMe Ha
nosepxHocTb LCU (HmxHemenoBoe Hecornacue).

Figure 4. Modeled progradation of the Brookian Sequence
and multiple Tertiary erosion across northern Alaska for
selected timeslices. Note position of the LCU (Lower
Cretaceous Unconformity).

The model results indicate that the thermal maturity of Pre-
Brookian deposits were controlled mainly by progradation

of the Brookian Sequence (Fig. 5). The time-transgressive
deposition of the Brookian Sequence in combination with
overall basin geometry also controls hydrocarbon generation
and the direction of migration.

Most migration pathways were directed toward the north with
hydrocarbons accumulating mainly in combination structural-
stratigraphic traps along the Barrow Arch, such as Prudhoe
Bay field. At this super-giant accumulation, North America’s
largest, trap formation on the rift shoulder preceded expulsion,
resulting in a major accumulation. Biomarkers show that
Prudhoe Bay oil is a mixture of oils derived from the Triassic
Shublik Formation and Cretaceous Hue Shale with lesser input
from the Jurassic Kingak Shale (Peters et al., 2008). These
results are consistent with the 3D model (Fig. 6): the Shublik
and Kingak source rocks started to expel hydrocarbons during
the Cretaceous, mainly in the foreland basin, which migrated
northward to the rift shoulder. During Tertiary time burial was
mainly restricted to the eastermost parts of the foreland

basin and the passive margin north of the rift shoulder where
associated titting and subsidence resulted in hydrocarbon
generation from the Hue Shale. These hydrocarbons

were expelled downward into a zone related to the Lower
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reoxXMmMmn4eckoro aHanmsa. Ocoboe BHUMaHME yaensinoch
KapTUPOBaHWMIO 30H NEPEKPLITUS (HaneraHusl) 1 cpesaHns
nnacToB, CHOPMUPOBABLLMXCS Ha TeppuTopun 6accenHa
Ha CTaausix peXxrma nacCcuBHOM OKpaunHbl U puddToreHesa
(B Mepmof, OT MUCCUCUMNAHCKOMO Spyca 40 HYDKHETO
MEnNa), Tak Kak OblNo YCTAHOBAEHO, YTO UMEHHO 3TK

30HbI Urpan peLLatoLLyHO POsb B MPOLIECCE MUrpaumm
YrNeBOAOPOAOB 1 (DOPMUPOBAHMN TOBYLLIEK.

MepeKpbIBaOLLMIN BPYKCKNIA KOMMNEKC, C OBLLEN
MOLLIHOCTBHO nmopsaka 8,000 M, 6bin chopmmpoBaH

B MEJIOBOE U KaMHO30MCKOE BPEMS B YCIIOBUSAX
PPOHTaNTBHOrO CeAMMEHTALIMOHHOMO 6accenHa,
nocnenoBaTenbHO 3anoJHABLLErOCS MO0CO06Pa3HbIMM
nporpagaLyioHHbIMU OTIOXEHUAMU, OPUEHTUPOBAHHBLIMY
C 3anaga- tro-3anafa Ha BOCTOK-CEBEPO-BOCTOK

(Bird, 2001). OgHO 13 KNKOHEBBIX 330a4, BbINOHEHHbIX
B X0[€ paboTbl Haf, peErvioHaNbHOM MOAENBIO, Obina
PEKOHCTRYKUMS NaNeo-reOMeTpnm AaHHOM TOMLLM,
BKJTHOHaA MPOCNEXMBAHNE MPaHNL, KOHTAKTOB
Pa3HOBO3PACTHbLIX OTIOXKEHWI, Bapuaumn (aumanibHOro
COCTaBa 1 MOLLIHOCTY OT/IOXKEHWI, BapuaLn
reoMeTpuKn Naneo-6accerHa. TpaHCrpecCcuBHbIE LMKITbI
BOCCTaHaBIMBA/IMCb MyTEM MPOCAEXKMBAHMSA MPAHWL,
O[HOBO3PACTHbIX OTNIOXKEHWIA, a He rPaHuL, (DOpMaLIAI.
KapTupoBaHve NpoBoanIOCh B 30HE MEXIY rpaH1LEen
MOBEPXHOCTV 3EMJIM 1 KPOMKOW Lienbda. Kpome Toro,
YUUTBIBAIOCH BIMSHNE HECKOSBKMX LIMKIIOB NMepepbisa U
3PO3UN OCafKOB B TPETUHHOM MepUoae.

B nocTpoeHnn mogenm 6binm Ncrons30BaHb! paHee
MOCTPOEHHbIE KapTbl OOLLIErO COAEP»KAHNS OPraHNHECKOro
BeLlecTBa TOC (TOCo) n BogopoaHoro nHaexca Hi

(Hlo) ( Peters et al (2006), akcTpanonmpoBaHHblie 0

rpaHvL, MoJenn. TepMUHECKM HeQO3perble 0bpasLbl
HedhTera3oMaTepPUHCKIMX Mopom, BbI NpoaHaIM3MPOBaHb|
C nomoLLpto HoBoM MeToavk/ “Phase Kinetics”,
pa3paboTaHHOM 1 OTKANMBPOBAHHOM B COOTBETCTBIM

C 3aKoHaM1 TEPMOAVHAMIKIA 419 MPOrHO3a ha30BOro
COCTOSHNS YrNEBOAOPOAOB, Oblna MpoBeAeHa OLUeHKa
OCHOBHbIX CBOVICTB, TaKNX Kak MIOTHOCTb M ra3oBbin (hakTop
(API'n GOR) (di Primio and Horsfield, 2006). MNosy4eHHble
pesynbTaThl ObUM YBA3AHLI C COOTBETCTBYHOLLVIMM
HepTera3oreHePUPYHOLLIMIMI KOMMIEKCAMM.

OBLWMPHBIV CKBaXKMHHBIA MaTepuan 13 6accenHa
CeBepHoro ckioHa ASICKM MO3BOMMI MPOBECTU TOUHYHO
KaIMOPOBKY 3HAYeHNIn TeMrnepaTtyp 1 AaBNeHW MO BCEMY
paspesy pervoHa. [aBneHne kanmbpoBanoch B ABa sTana
(MO CXMMaeMOCTV M MPOHULZEMOCTU NOPOA). Tennosomn
MOTOK KaJIMBPOBASICS MO MOKa3aTeNsaM OTpadKaTeTbHOM
CNOCOBHOCTV BUTPUHUTA 1 farnee CBEPSSICA CO
CKOPPEKTUPOBAHHBIMY MOKa3aTeNnsIMmn 3ab0nHbIX
TemnepaTyp B CKBaXKMHAX.

llcTOpWS 3aX0OPOHEHNS 0CaaKOB BaccerHa 1 Bce
COMYTCTBYIOLLME (PU3NHECKME MPOLIECChI reHepaLmm-
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Cretaceous (break-up) Unconformity (LCU) along which they
migrated toward the Barrow Arch, resulting in late-stage
contribution of Hue ail in the Prudhoe Bay field.

Debate persists over the reasons for failure of the Mukluk
wildcat well. At the time of driling, the Mukluk prospect was
estimated to contain 1.5 billion bbl of recoverable oil in a
Prudhoe Bay look-alike structural-stratigraphic trap, although
subsurface imaging was uncertain due to difficulty in assessing
seismic velocities through permafrost. Drill cuttings and core
data showed extensive ail stain in the target formation. It was
referred to at the time as the most expensive dry hole in the
world. The Mukluk rocks indicated that oil had once been in
the structure, but had migrated away. A crucial element or
process of the petroleum system was missing. The 3D model
shows that initially petroleumn accumulated, but later spilled

to the southeast toward the Kuparuk River field through a
thin sandstone overlying the break-up unconformity during
Tertiary titting. This example at Mukluk indicates the strength
of the technology of basin and petroleum system modeling in
predicting generation, migration and accumulation, but also
remigration and losses from potential structures.

The 3D petroleum system modeling study of the Alaska
North Slope represents one of the largest regional-scale
computer models of a sedimentary basin to date and is
unique with respect to complexity and details. It provides
excellent opportunities for analysis of both regional and local
geologic features using ‘local grid refinement’ as indicated by
the modeling results of the Mukluk failure. Finally, it provides a
training set that shows how to build a regional model of a very
complex sedimentary basin. Data availability ranged from regions
of early exploration to regions of field development at the prospect
scale (see Fig. 3).

Summary

The Alaskan model shows how petroleum system modeling
can be used to understand and evaluate the impact of
numerous geological uncertainties, to minimize exploration
risk, and to evaluate regions where focused, future investigation
should be conducted. Furthermore, this successful modeling
practice emphasizes applications to the complex Siberian
petroleum province. The dynamic petroleum system modeling
workflow is the optimal solution that provides inexpensive
integration of input datasets (geological, geophysical,
petrophysical, geochemical), allowing subsequent
quantification and prediction of the extent and timing of
petroleum systems. In fact, there are attempts to reconstruct
East Siberian basin development through geological history.
For example, Everett (2010) applied one-dimensional
modeling of a pseudo-well from Kovyktinskoe Field to test
the possibility of in-place source rock position. However,

for more demanding petroleum system modeling and more
reliable prognosis of hydrocarbon routes, type, quality and
volume of accumulations, already interpreted 2D seismic lines,
3D seismic cubes, geochemical and well data need to be
integrated within the PetroMod software and subsequently
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PucyHok 5. PekoHCTpympoBaHHbI Npodnnb naneo reoMmeTpun 6acceriHa Nno HanpasieHWo 3anaa-BoCTOK,
AEeMOHCTPUPYIOLLMIA BNAHME NpornbaHnA BpYKCKOro KoMrnekca Ha 3penocTb HepTeMaTepUHCKNX NOPOA.

Figure 5. Reconstructed paleo-geometry along a west-east cross-section showing the effect of the prograding Brookian

Sequence on maturity.

MUMPaLIMN-HaKOMeHVS YreBo40pPOA0B MOASIMPOBaSIICH
B 3D MacuITabe B HarnpaBfieHn OT CaMblX OPEBHNX
OTNOXEHNIA [0 HACTOSILLErO BpeMenu (e.g., Hantschel and
Kauerauf, 2009). OcHoBononaratoLLen 0COBEHHOCTHHO
TpexmepHon Mogdenn CeBepHOro ckioHa ANScKm
SABNSIETCS BKIIKOHEHME B OOLLYIO MOAeb baccerHa
TPaHCrPEeCCHBHOM NMoceaoBaTebHOCTU OTIOXKEHU Mena
- BPYKCKO-TPETUHHOMO BO3PAacTa, C yHETOM PasHuLbl B
MOLLIHOCTV OTIOXEHNIA MEXAY NEPUKNHABIO 1 CBOOOBOWM
YacTbto Bana, M HECMHXPOHN3MPOBAHHbBIX BO BPEMEHN
rneproaoB BO3AbIMaHus 6accenHa 1 3po3nm B TRETUYHbIN
nepvog (Pvic.4).

PesynbTaThl MOAENMPOBaHNS NOKa3ann, YTo CTerneHb
TepMasIbHOM 3pefioCTy A0-DPYKCKUX OTNOXKEHUI
KOHTPOSIMPOBANack, B OCHOBHOM, CKOPOCTLIO MPOrnbéaHns
OpyKekon Tonm (Prc. 5). Takoke CyLLECTBEHHOE BISHME Ha
reHepaLyito Y MAMPaLMIKO YITIEBOAOPOA0B Oka3an COBCTBEHHO
MPOLIECChI HAKOMNEHNS TPAHCTPECCUBHOMO BPYKCKOMO
KOMMEKCA N UBMEHEHWE OBLLIEN reOMETPUN BaccerHa.
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used as input data to create dynamic models in 2D and/or 3D
environments. The choice of 2D or 3D depends on available
data and particular exploration and/or production interest.
The modeling can be applied at a single well or throughout an
entire hydrocarbon province.

The Alaskan case study shows how a calibrated PetroMod
dynamic model helps to (i) more accurately reconstruct the
regional source rock burials, (i) constrain regional temperature
and pressure conditions including maturity predictions, (iii)
determine migration paths and distances or to evaluate

the quality of trap seal and (iv) determine of volume of
trapped hydrocarbons. Such calculations in the software

will reduce risk and help to evaluate the impact of well-
known uncertainties associated with the Siberian petroleum
system: hydrocarbon maturity variations, migration paths,
reservoir rock distribution, in-reservoir alteration (e.g., Gratzer
etal,, 2011), seal quality, the exact prognosis of deposition
chronology, and/or biodegradation level (Everett, 2010).

The Siberian PetroMod dynamic model consequently provides
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B PA3BEOKA

OcHOBHast MUrpaLms YrneBOAOPOA0B Npovcxoamna B
CEBEPHOM HarpaBeHWN, YTO MPUBENO K (hOPMMPOBaHMIO
OONbLLEN YaCTV 3aNexXen, BKIKYas MECTOPOXXOEHNE
Mpapo Bel, B noByLLKax KOMOVHUPOBAHHOMO CTPYKTYPHO-
cTpaTUrpan4eckoro Tina BAoJib aHTUKIIMHaNM (CBOAA)
Bappoy. Ha kpynHenuem B CeBepHOM AMeprke
mMecTopoxaeHun Mpano bern npouecc dhopmmnpoBaHUs
JIOBYLLIKM Ha BOpTy puddTa NpeaLecTBoBa Haqasy
BbDK/MaHWNSI CreHepPUPOBaHHbIX Yr1eBOA0POA0B

13 HebTeMaTEPUHCKIMX MOPOA, YTO M MPUBENO K
HOPMUNPOBAHMIO STOM CBEPXTUFAHTCKOW 3anexxu. AHanm3
BroMapKepoB NMokasal, YTo HETW Ha MECTOPOXKAEHM
SBMAKOTCS CMEChHO YrNIEBOAOPOAOB, CreHePUPOBaHHbIX,

B OCHOBHOM, B Mpeaenax CBUThI LLYDVK TP1acoBOro
BO3pacTa 1 CnaHLeBon TonLLm Xbko MENOBOro BO3pacTa

C HEBOSBLLION MPUMECHIO HEPTEN CBUTBI KUHIaK KOPCKOro
Bo3pacTa (Peters et al., 2008). daHHbI BbIBOL, XOPOLLO
cornacyetcs ¢ pesynstatamum 3D MofenvposaHng (P1c.6):
BbITECHEHWE YrNEBOA0POA0B M3 CBUT LLYONK U KUHIaK
Ha4as10Cb B MENOBOW Mepuof, NPerMyLLECTBEHHO B

30He pa3BUTUA PPOHTaNBHOIro BacceliHa, MOCTENEHHO
CMELLaBLLIENCS B CEBEPHOM HamnpaseHn K 6opTy

pudTa. B TRETUYHBIN NEPUOL 3aXOPOHEHE OCaaKOB
MPOVCXOANINO, rMaBHbIM 0B6PA30OM, TOMBKO B Camom
BOCTOYHOW YacTu (OPOHTanbHOro baccenHa 1 Ha
NacCyBHOWM OKpanHe 6opTa pudiTa, fae CoONPOBOXKAABLUNNA
3TOT MNPOLECC HAKITOH 1 MOMPY>XKEHME OCaAKOB MPUBENN

K reHepauum yrneBoAOPOAOB B CraHLax CBUTbI Xbto. ST
YrNeBOAOPOAb! 3aTEM BbPKMMaNCh BH3 MO MPOCTUPAHNIO
MacToB B 30HY, OMPaHNYEHHYHO MOBEPXHOCTHIO HYDKHE-
MeIoBOro nepepsbisa (Hecornacue LCU), BOob KOTOPOW
OHW MUFPUPOBAaIT B HANpaBieHnn K aHTUKnHan bappoy,
YTO W MPUBENO B AaNIbHENLLEM K MPUMELLIMBAHIO HedDTEN
CBUTbI XbtO K HeDTAM MecTopoxaeHus [Npano ben.

o cux nop npoaoomkaroTes aedatbl BOKPYr

Heya4HON MOVCKOBOW CKBaXKMHbI MyKITyK. B nepuos
OYPEHVST CKBaXKMHbI N3BEKAEMbIE 3anackl HEPTN Ha
ncenegyemon nnowaan oleHnBanncb B 1.5 mnpa,
Bappenen 1 NpeanoNoXXUTENBHO NOKaM30BaIMCh B
CTPYKTYPHO-CTPpaTUrparHECKON NOBYLLIKE, aHaNOrMHHOM
MecTopoXaeHuo Npano ben, xoTa npolecc
CencMopasBeaoHHbIX PaboT ObiN CUMBHO 3aTPYAHEH
rnoMexamu B 3anmcut BOSTHOBbIX AaHHbIX MPY MPOXOXAEHNN
4Yepes TOSLLIM BEHHOMEPSSbIX MOPOL, U YETKNX PEIYNLTATOB
VHTEPNPeTaUmm He Bb1no noaydeHo. Ob6pasLibl 6ypoBOro
LnamMa 1 0TobpaHHOro 13 CKBaXKMHbBI KepHa MOKa3bIBaUI/
HaNM4ME MHTEHCUBHBIX HEDTEMPOSBNEHWI B LIENTEBOM
VHTepBasie paspesa. B cBoe Bpems 5Ta CKBaXXMHA
cHMTanachb CaMom AOPOrom «CyXom» CKBaXKNHOM B

M1pe. AHan3 Nopom, CKBaxKMHbI MyKITyK mokasall, YTo
KOra-To HePTb NPUCYTCBOBasIa B CTPYKTYPE, HO 3aTeEM
MUrpupoBasia danblile. B HedhTerazoHOCHOM cnucteme
OTCYTCTBOBaJT OCHOBOMOAratoLLMIN 3M1EMEHT UM
npouecc. [NoctpoeHHas Hamm 3D Modens noaTBepamna,
YTO M3HAYaIbHO HE(Tb HaKaNIMBaaCh B JTIOBYLLKE,

HO 3aTeM MepeTeKsIa Ha Foro-BOCTOK B HaMpaBieHN
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time — cost effectiveness, allowing much better commercial
viability of exploration. Most importantly, a calibrated 3D
Siberian model will assure more accurate assessments

of future well locations across the province and will save
exploration costs. Such a regional study can easily be
managed by combining all capabilities of 1D, 2D, and 3D
modeling in one project. The project contains all exploration
data, which can easily be updated by integration of new well
and seismic data and their interpretation; i.e., PetroMod is not only
a dedicated modeling software, but also an indispensable tool for
effective exploration data management on a regional scale.

3w

Prudhoe Bay B/E

PucyHok 6. Paspes B HanpaBneHu1 3anag-BoOCTOK
Yepes Moaenb pa3BUTUA MecTopoxkaeHuA MNpaao bel B
KanHO30MCKyto 3py. MNpumelunBaHne HedTeN U3 CBUTHI
XblO CBA3@HO CO CABUIOM B BOCTOYHOM HamnpasneHnm
30HbI NMOrpy>keHnA 6accenHa n B pesynbTaTe HaKonneHuA
1 npornbaHmA MOLLHOTO BPYKCKOrO KOMMEeKca.

Figure 6. Modeled Cenozoic development of the Prudhoe
Bay field along a west-east profile. Contribution of Hue oil
is related to eastward-shifted subsidence as result of the
prograding Brookian Sequence.
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B PA3BEOKA

METOPOXXaAeHMS Kynapyk-PrBep no TOHKOMY CIOK
MEeCHaHNKOB, NEPEKPLIBAOLLMX MPaHVLY Pa3MblBa,
NPEOnoNOXXNTENBHO B Mepro, OOLLErO HaKoHa
BacceiHa B TPETUHHBIV Nepurog. MprMep CKBaXKMHbI
MyKyK NMokasblBaeT, HACKONbKO 3PEKTUBHOM MOXKET
ObITb TEXHOMOMMST 6ACCENHOBOrO MOAENMPOBAHNS U
MOJENMPOBaHVA HeETEra30HOCHBIX CUCTEM HE TOJbKO B
MPOLIECCE MPOrHo3a reHepaLyvi, MArpaLmm, HaKoMIEeHNS
yrNeBoOOOPOAOB, HO B MAEHTUMUKALMM BOSMOXHbBIX
MEPETOKOB 1 NoTepb YB 13 NoTeHLManbHO NepCneKkTUBHBIX
CTPYKTYP.

[MpOoeKT co3gaHnsa TpeXMepHoOU Modenn baccenHa
CeBepHOro cknoHa Ansicku NpeacTaBnsaeT cobom
NPUMEP OOHOW 13 CaMblX KPYMHbIX PervoHasibHbIX
UMPOBBLIX MOAENEN OCaA04YHOrO baccenHa Ha
CEroAHsLLIHUA AeHb, YHUKAIbHOW NO CTEMEHW CIIOXKHOCTU
n getannaaumn. Kak 6bi10 nokasaHo Ha npumMepe
NCCNeaoBaHns Heyaaqm CKBaXKMHbI MyKyK, MOOeSb
NPefoCTaBIAET YHNKAIbHYIO BOSMOXXHOCTb ANA
aHanmM3a PernoHanbHOro 1 TIOKaIbHOrO reosTorM4eCcKoro
CTPOEHMUS C MOMOLLIbKO TEXHOOMUN «[TOKASIBHOIO
N3MEeNbYEHNST CETKN». B X0[e BbINONHEHMA NpoeKTa Oblin
ChopMMNPOBaH YHNKaIbHbIN ODyYaroLLmin HABOP OaHHbIX,
NO3BONSHOLLMIA OCBOUTE TEXHOIOMMIO MOCTPOEHNS
pernoHanbHbIX MOAENen ocafoyHbIX 6accenHoB
CJIOXKHOIO re0NOrM4ecKoro cTpoerHns. CTeneHb
N3YHEHHOCTU TEPPUTOPUM LLUNPOKO BapbUPYEeTCH OT
parioHOB Ha4YaNlbHOM CTaamm MOMCKOBBLIX PaboT Ao
PanNoOHOB MPOBHOWM NPOMBILLNIEHHOM 3KCnyaTaumm Ha
cTagmsx getanbHOW gopasBenku (cMoTtpute Purc.3).

BbiBo/bl

Mopgenb 6accenHa ANsSckm nokasana, Kak MoaeMpoBaHme
HedhTEra3oHOCHOW CUCTEMbI MOXXET ObITb NCMONB30BaHO
0N YYYLEHNS MOHUMaHNS 1 Bofee TOYHOM OLIEHKM
BNSIHMS FEONIOMMYECKIMX HEOMNPEAENEHHOCTEN Ha
NCTOPWIIO (POPMUPOBaHNS paspesa, 419 MUHUMN3ALN
PUCKOB reoIoropasBefoYHOro NpoLecca W NpaBnibHOMO
OonpeaeneHnst PErMOHOB, Hanbornee NEPCNEKTVBHBIX U151
OyaoyLuero MHBeCTMpoBaHns. Kpome Toro, NpuBeaeHHbIN
NpUMEpP YCMNELLHOro MOAENMMPOBaHNST OPVEHTUPOBAH

Ha JabHenLLIee MPUMEHEHNE METOAVKIA B U3YYEHN
CNO>KHOMOCTPOEHHBIX HEPTEra30HOCHBLIX MPOBUHLIAIA
Cubupckoro pervioHa. Metoayka AMHaMU4eCKOro
MOLENMPOBaHNS HEPTErA30HOCHbBIX CUCTEM MPEACTaBNSAET
Cob0M OMTUMabHbIA AKOHOMWYHBIA CMOCO0 NHTErpaLm
BCEX UMEIOLLIMIXCH OaHHBIX (FE0OrMYECKIX, FeOthU3UHECKIX,
NETPOPUINHECKINX U FEOXMMNHECKIX) C MOCTEAYHOLLIEN
KOJSIMHECTBEHHOWM OLIEHKOW U MPOrHO30M HanpaBieHnii
PacnpOCTPaHEHMA 1 BPEMEHM (hOPMUPOBaHVSA CUCTEMBI.
[NonbITKA CMOOENMPOBATL UCTOPUHECKOE Pa3BuUTUE
BocTouHo-Crbupckoro 6acceriHa MpoBOOSTCS Y2KE W Cervac.

Hanpumep, Everett (2010) ncnonssosan ogHOMeEPHoOe
MOJENMPOBaHME MO CTBOJTY MCEBO0-CKBAXKMHbI
KOBbIKTUHCKOrO MECTOPOXAEHNS 415 MPOBEPKN
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MNOTE3bl HANMYNS HedhTEra3oMaTePUHCKMX MOPO[, B
TO4Ke nccnepoBanusa. OgHako, ansa 6onee TWaTebHOro
nccnenoBaHnst HehTEra3oHOCHOM CUCTEMBI 1 Bonee
TOYHOIO MPOrHO3a 1 OLEHKM HanpaBEHNI OBVKEHS,
TVNa, cocTaBa 1 obbema yrneBoaopoaoB, HeobXxoaMMo
cobpaTtb BCe UMEIOLLMECS AaHHble MO nHTepnpeTaumm 2D
1 3D cencmMopasBeaKM, CKBXKUHHYIO 1 FEOXUMUNHECKYHO
MHCopMaUMo OS19 NMOCNeaytoLlen sarpyskm B PetroMod
1 CO3AaHMS MOMHOLUEHHOM anHammyeckomn 2D mnnn 3D
mMoaenu. Beibop mexay 2D 1 3D macLutabom 3aBucuT

OT AOCTYMHOCTM COOTBETCTBYIOLLIMX AAHHBIX 1 HAIMYNS
ONpeneneHHoOM 3aMHTEPECOBAHHOCT CO CTOPOHbI
reosIoroB 1 Pa3paboTuMkoB. MoaenmpoBaHne MOXET ObiTb
NPOBEAEHO KaK MO paspesy OAHOM CKBAXKUHbI, Tak 1 MO
BCEW MPOBVHLIM B LIENOM.

[MprMep NPaKTNHECKOro NPUMEHEHNST METOAVKN Ha
Ansicke nokasal, 4To KanmMbpoBka AMHaMUYECKOWN
Mogenv B PetroMod nomoraer (i) 6onee akkypaTHO
BOCCTaHaB/MBaTb PErMOHASTBHYIO UCTOPUIKO 3aXOPOHEHNS
HedbTerazoMaTepUHCKIMX nopom, (i) KOpPeKTHO 3aaaBaTb
rPaHn4YHbIE YCNOBUS OABAEHUIA 1 TeMnepaTyp, BKIKYas
CTepeHb 3PENoCTU OPraHN4eCcKoro BeLLEeCTBa, (i)
OMPEnendTb HaNpaBNeHNs N PACCTOAHNE MUMPaLAN,
OLEHNBATb KA4eCTBO JTOBYLLEK W MOKPbILLEK U (iV)
paccyMTbIBaTb OOBbEM YrEBOAOPOAO0B, 3aK/TKOHEHHbIN

B NoBYyLLKE. [1oao6Hble pacyeTbl, MPOBEAEHHbIE
NpPOrpamMMHbIMK CPeaCTBaMM, MOMOratOT CHUA3UTL PUCKN
1N OLIEHNTb BIIMSHNE HA CUCTEMY XOPOLLIO M3BECTHbIX
HeonpeneneHHOCTEN, CBsA3aHHbIX ¢ CBNPCKON
HedTerasoHOCHOW CUCTEMOW, TakMX Kak: KoiebaHus

B CTEMEHM 3PeNIOCTU OPraHN4eCcKoro BELLIECTRA,
HeonpeneneHHOCTb NMyTen MUrpaLm, CIOXHOE
pacnpeneneHne Nopoa-KOaNeKTOPOB, UBMEHEHVIS B
CTpOeHnn pe3epsyapa (e.g., Gratzer et al., 2011), ka4ecTBO
JIOBYLLIKW, HE BOSMOXXHOCTb TOYHOIO MPOrHO3a BPeMEHM
0CaOKOHaKOMIEHNsI U (M) CTeneHn bruoderpagaumn
(Everett, 2010). CneocTBremM CO30aHMS OVHAMUHECKOWN
Mogenn 6accenHos Crbupu B PetroMod MOXET cTatb
pa3padoTka 3OPEKTVBHOW (PUHAHCOBO-BPEMEHHOW
cTpaternm peanmsaLim npoeKTa passeiky 4aHHOro
pervoHa. 1, 4to 6onee BaXXHO, OTKaNMbpoBaHHas
pervioHanbHas 3D MOAEeNb MOXXET MNOCNY>KUTb HAAEXKHOM
OCHOBOW A1 60nee TOHHOro 3anoXXeHnst ByayLLmX
CKBaXKVH Ha TEPPUTOPUM MPOBUHLMA 1 MO3BONUT
C3KOHOMUTb KOMMaHUAM 60bLLION 06BbEM (DUHAHCOBbLIX
cpefcTB. [ogobHasd pabota MOXXET ObITb IErko
peanM3oBaHa C MOMOLLbKO KOMBUHUPOBaHWS B OOHOM
NPOEKTE BCEN NNHENKN ModenmposaHma B 1D, 2D, 3D
MacLUTabax. [JaHHbli MPOEKT, MOCTPOEHHbIA HA OCHOBaHWA
BCEX UMEIOLLMXCS PE3YNbTAaTOB MHTEPAPETALMM, MOXKET
ObITb NIErKO OOHOBAEH MPW MOJTYHEHMN HOBbIX PE3YNLTATOB
CEMCMMNYECKMX I CKBaXKMHHBIX UCCNENOBaHWN, T.K.
PetroMod - 3TO He TONMBbKO yHMKabHas NporpaMmMa ais
MOAEMPOBaHNS, HO ELLE W HE 3aMEHVMbIN UHCTPYMEHT
ONs 3PMEKTVBHON OPraHn3aLmn 1 XpaHeHUst BCEX
MaTepranoB reoIoropasBefoHHbIX PaboT.
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