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Potential of Offshore Areas
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B nocnegHne roapl B CBA3M C UCTOLLEHNEM
pPECYpPCHOM Ba3sbl B CTapbIX HehTea0ObIBAOLLX
parioHax Poccum BO3HMKIA HEOOXOANMOCTb OCBOEHMS
TPYAHOAOCTYMHbIX peroHoB KpaHero Cesepa,
BocToyHon Crnbupm u wenbdos mopen. [NpoBeaeHne
reonoro-pa3eefoyHbix paboT (MTPP) B aTux pervoHax
CB#A3aHO C 6OMbLUNMU TEXHOIOMNHYECKNMM CIOXKHOCTAMM
N BbICOKMMW (.JpI/IHaHCOBbIMI/I 3arparamMin. B cBa3n ¢ aTuMm
BO3HNKaET HEOOXOAMMOCTb CHUXKEHNST PUCKOB BypeHns
HEMPOOYKTUBHBIX CKB2XKMH.

[N yMeHbLLEHWSI Fre0IOrNHECKNX PUCKOB Mpu

BbIOOPE YHaCTKOB, MIAHMPOBAHUN U BbINOHEHN

PP B OAO «HK «PocHedhTb» ¢ 2004 r. npoBoanTcs
MOAEeNMpOBaHne hopMUPOBaHNS YrNeEBOAOPOAHbLIX
cucteM. MogenMpoBaHne BbIMNOMHAETCA HA OCHOBE
nporpaMMHbIX NPOAYKTOB KoMnaHun Beicip Franlab
(BF) — TemisSuite, LOCAS/CERES, Dionisos n Qubes
no ABYM HanpasfieHnsaM: 1) Ha pernoHanbHOM sTane
— ANt OLIEHKN NepcneKkTnB HedhTerazaoHOCHOCTH
CnabonadyyeHHbIX 0CafoYHbIX 6aCCENHOB; 2) Ha
NMONCKOBOW CTaaun — A5 Bblbopa nepBooYepeHbIX
06BbEKTOB 1 MPOrHO3a NNacToBbIX AABNEHN B
3anexax. Bcero ¢ 2004 r. BbINOAHEHO 19 MPOEKTOB MO
pas3nnyHbIM pervoHam Poccum ¢ nocTpoeHnem 6onee
50 2D v 3D mopenen (puc. 1).
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he depletion of the resource base in Russia’s historical

oil producing regions had brought about the necessity
of developing remote areas in the Far North, Eastern Siberia
and offshore regions. Performing geological exploration
works (GEW) in these regions entails technological
challenges and high financial expenditures. In this context,
the risks of drilling nonproductive wells have to be minimized.

Modeling of hydrocarbon systems formation is applied

at Rosneft Oil Company OJSC since 2004 to minimize
geological risks during area selection, planning and
geological exploration works. The modeling is performed
using Beicip Franlab (BF) - TemisSuite, LOCAS/CERES,
Dionisos and Qubes software products in two phases: 1)
at the regional stage - for evaluation of oil and gas bearing
potential of poorly explored sedimentary basins; 2) at the
prospecting stage- for selection of primary assets and
forecasting formation pressure in accumulations. A total
of 19 projects have been performed since 2004 in various
regions of Russia with creation of over fifty 2D and 3D
models (fig. 1).

Fig. 1. Regions and areas for which Rosneft performed
2D and 3D modeling of hydrocarbon systems formation:
1 - “Grey zone”; 2 — Admiralteyskiy swell; 3 — Pechora sea;
4 — Chernyshov ridge; 5 — South Kara basin; 6 — VVancor
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EXPLORATION M

© 2D mogenupoeaHue
2D modeling

Puc. 1. PernoHsl 1 yyactku, ana kotopbix B OAO «HK
«PocHeTb» BbINonHeHo 2D n 3D mogenvpoBaHue
dhopmmpoBaHUA YrmeBoAOPOAHbIX cucTeMm: 1 — «Cepas
30Ha»; 2 — Aamupantenickmi Merasasi; 3 — [Neqdopckoe
mope; 4 — rpsiaa YepHbioa; 5 — KOxHO-Kapck 6acceriH;
6 — BaHkopckoe mecTopoxaenme; 7 — Ervcen-Xatanrckmm
npornb, 8 — mope Jlanresbix, 9 — HYykoTckoe mope; 10 —
JlncsHekm, KaluesapoBcki, MaragaHckvw 6acceriHbl;

11 - 3ammB LLlenexosa; 12 — anagHo-KamyaTCknii Luesibag;
13 — ActpaxaHoBckii, 3anaaHo-LLIMATOBCKMI y4acTku,
14 — Bocro4Ho-LLimvigToBckmm, KaviraH-BacrokaHCKu,
BeruHekw yqactkm, 15 — Tatapckmi nposas; 16 — HYepHoe
mope; 17 — 3anagHo-KybarHckui rporvb; 18 — CeBepHbIv
Kacrmmi; 19 — TypKMeHCKu Luesibg

MeToauyeckuii noAxoa

Hanbonee BaXKHbIM 419 KOPPEKTHOrO NPOrHO3a
NnepcneKTMB HeTerasaoHOCOCTU SBMSETCS
reosIornyeckoe HarnoHeHne MOAeNV Pa3HOPaHrOBbIX
06beKTOB (0T BaccenHa Ao 3anexm), KOTopoe

BKJIOHYAET OLIEHKY pa3BUTUS B paspese 1 no NaoLaan
HebTerazoMaTepUHCKMX ToL, (HIMT), KOMNekTopoB n
hnomaoynopos, TEMMOBOW UCTOPUM PEMOHA, HANUYNS
1 MPOBOAMMOCTU PAa3PbIBHbIX HAPYLLIEHWU, BENNHMHDI

1 NPOJAOIKUTESNIbHOCTU NEepPepbIBOB, PasMbIBOB 1 Ap.
MonHbI HABOP 3TUX AaHHbIX UMEETCS B JTyuLLEM Cy4ae
Ha 0ObeKTax, HAXOOSALLMXCS Ha MOUCKOBOWV CTaaum

'PP. Ha pervoHansHOM aTane nccnegoBaHnin npu
NoAroToBKE MCXOOHOM MHbopMaummM AN MOAeMPOBaHS
MPOBOANTCS KOMMIEKCHBIV aHaNN3 BCEX NMEHOLLIMXCS
reosIornyeckmnx, reonN3N4ecKmX N reOXMMNHECKINX
OaHHbIX. OCOBEHHO 3TO aKTyaslbHO AA CNabon3y4eHHbIX
0Cafio4HbIX BaccenHoB WenbdoB Mopert Poccun.
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© 2D+3D mogenupoeaHwne
2D+3D modeling

field; 7 — Yenisei-Khatanga trough; 8 — Laptev sea; 9 —
Chukchi sea; 10 — Lisyansk, Kashevarovsk and Magadan
basins; 11 — Shelikhov gulf; 12 - West Kamchatka shelf;
13 — Astrakhan, West Schmidt areas; 14 - East Schmidt,
Kaygan-Vasyukan, Veninsk areas; 15 — Tatar Strait; 16 —
Black sea; 17 — West Kuban trough; 18 — North Kaspian;
19—Turkmen shelf

Technical Approach

The most important issue for correct forecasting of oil
and gas bearing prospects is completeness of geological
data in the model for various range objects (from basin
to accumulation), including evaluation of development of
source rock intervals (SRI), reservoirs and impermeable
seals in section and areally, thermal history of the region,
presence and permeability of faults, extent and duration
of perturbations, erosions etc. A full set of such data is
available for assets in prospecting stage of GEW at best.
At the regional stage of the research during the preparation
of initial modeling information, a complex analysis of all
available geological, geophysical and geochemical data
is performed. This is especially important for frontier
sedimentary basins of Russia’s shelf regions.

Complex approach to study of sedimentary basins includes:

» collection and analysis of accumulated geological and
geophysical data, including well drilling results,
descriptions of natural outcrops, seismic and gravity-
magnetic data, laboratory analytical results;

» creation of a single seismic project, interpretation of new
data or re-interpretation of earlier seismic data;

» creation of a structural model and tectonic zoning of
the region;
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KOMMAEKCHbIN Noaxoq, K U3Yy4eHUo 0CaaoUHbIX

BaccenHoB BKIIKOHaET:

» COOP N aHaNN3 HaKOMIEHHOM re0noro-reon3nyecKon
NHopMaLMK, BKIKOHAIOLLIEN pe3ybTaTbl BypeHms
CKB&XXWH, OMNCaHUS OBHaXKEHWIN ECTECTBEHHbIX
BbIXO0B FOPHbIX MOPO[, CENCMUYECKIME U
rpaBMMarHUTHble MaTepuanbl, peaynbTaTbl
nabopaTopHO-aHaIMTUHECKX NCCNEN0BaHN;

» COo3haHne eauHOro CEMCMUYECKOrO MPOEKTa,
NHTEpNpEeTaLMO HOBbIX 1 NepenHTepnpeTauuio 6onee
PaHHVX CENCMUHECKMX AaHHbIX;

» MOCTPOEHME CTPYKTYPHOM MOLENN U TEKTOHNHYECKOE
PanoHMPOBaHNE PETUOHA,;

»  PEKOHCTRYKLMIO UCTOPUM PasBUTUS PErVOHa,
0BCTaHOBOK OCaAKOHAKOMIEHWS C UCTMOMNb30BaHNEM
cercModaumanbHOro (CUKBEHC-CTpaTurpaddn4ecKkoro)
aHanmnaa.

Ha ocHoBe aToro Kommniekca gaHHbIX B JasibHenLem
OCYLLIECTBNSAETCS MOAEeNMPOBaHme (hopMMpoBaHNs
YrNeBOOOPOAHBIX CUCTEM, MPOBOASTCS
HehTera3oreonorM4eCKoe PanoHMPOBaHNE, OLIEHKA
PECYPCOB W Fe0IOMMHECKUX PUCKOB, PaHXXMpoBaHue
MepCcrneKTVBHBIX OOBEKTOB U MOAroTOBKA PEeKOMEHAaLINNA
no JanbHenwmM HanpaeneHusam PP [1].

Mo wenbdam mopen Poccunmn B OAO «HK «PocHedhTb»
K HacTosILLEMY BPEMEHM COBpaH 3HaYNTESNbHbBIN OOBHEM
cencMmYecknx matepuanos (6onee 250 TbiC. KM), a
TaKkKe CKBaXKMHHBIX AaHHbIX (6onee 20 CKBaXKMH).

[nst 6accenHOBOro aHanMaa 1UCrosib30BaNMCh TakxKe
MHOMO4YMCIEHHbIE (DOHOOBLIE OTHYEThI 1 HAYy4YHble
nyénmkaumm.

[NepenHTepnpeTaumst CENCMUHECKNX MaTeprasioB Ha
OCHOBe MnporpamMmMHoro obecnederHust Open Works
(Landmark) n Kingdom nossosinna cyLecTBEHHO
YTO4YHNTL, a B psage criiydaeB co3aatb npuHUmMnmalibHo
HOBbIE CTPYKTYPHO-TEKTOHNYECKME MOLENN CTPOEHMUS 1
hopMMPOBaHNS 0Caa04HbIX 6ACCENHOB Ha POCCUNCKOM
apKTU4eCKOM Luenbde [2, 3.

PeKOHCTPYKLMS ICTOPUM Pas3BUTUSA TOMO U MHOIO
pernoHa NPOBOOUTCH C YHETOM BCEW HAKOMIEHHON
reonorM4ecKon HpopMaummn: IUTONOro-ghaumasnbsHOro
COCTaBa OT/IOKEHWUI; PaHEe BbIMOSIHEHHbBIX
naneoreorpauHecKnx PEKOHCTPYKLMIA, XapakTepa 1
MacLITaboB YCTAHOBMEHHBIX B pa3pe3e NMepepbiBOB B
OCafKoHaKonaeHn 1 ap. Ha ocHoBe 37X MaTepuanos
C YHETOM [aHHBIX MO CKBaXKMHAM Ha NMpuieratoLLen cylle
BbINOJIHAETCA CTPATU(PUKALIMA OTPaXKarOLLMX FOPU30OHTOB,
aKTyaIM3npyoTCcsa naneoreorpauyeckme NoCTPOEHNS.
AHaNM3 CTOYHMKOB CHOCA MO3BOSIAET MPOrHO3MPOBATb
BO3MOXXHOE PaCnpOCTPaHeHe, COCTaB 1 CBOMCTBA
KOJNEKTOPOB. B OOMNONMHEHNE K STOMY [N OLIEHKN
pa3BUTUS Pe3ePBYapPOB 1 hNOMOO0YNOPOB B NaHE U

B paspese rno CEeNCMNYECKNM HAaHHbIM BbINOHAETCA
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» reconstruction of regional history and sedimentation
conditions using seismic facies (sequence stratigraphic)
analysis.

This complex data is then used for modeling the formation
of hydrocarbon systems, performance of oil and gas
geological zoning, estimation of resources and geological
risks, ranging the prospective assets and for preparation of
recommendations for further directions of GEW [1].

Up to the present time Rosneft has collected a significant
volume of seismic data for Russian sea shelves (over 250
thousand km), as well as well data (over 20 wells). Also,
numerous reports and scientific publications where used for
basin analysis.

Re-interpretation of seismic data in Open Works (Landmark)
and Kingdom software has contributed some significant
adjustments and in a number of cases, allowed to create
principally new structural tectonic models for formation

and morphology of sedimentary basins in Russian Arctic
shelf [2, 3].

History reconstruction for any given region is done with
consideration of all accumulated geological information:
lithology facial composition of sediments; earlier performed
paleogeographic reconstructions; type of scale of
nondepositional hiatus detected in section and etc.
Stratification of reflecting horizons and actualization of
paleogeographic constructions is performed based on

this data with consideration of adjacent onshore well data.
Analysis of the source area allows possible forecasting of
the reservoirs distribution, composition and properties. In
addition to this, seismic facies and sequence stratigraphic
analysis are performed for the estimation of the reservoir
and the impermeable seals distribution in the plan and in
the section based on the seismic data. This is the first time
such an approach is used for a number of regions (Laptev
sea shelf and the Russian part of the Chukchi sea shelf).

Oil Company Rosneft OJSC created and is constantly
updating a geochemical database with a purpose of
forecasting the development and composition of SRl in the
sedimentary basins of the Arctic shelf. Considering these
materials along with the paleogeographic and lithology
facies reconstructions of the region, the distribution features
of source rock are evaluated.

Modeling Hydrocarbon System Formation

The modeling of hydrocarbon systems formation itself is done
primarily in the TemisSuite software. The cycle consists of 1D,
2D and 3D modeling. Data preparation includes the creation
of structural models, the reconstruction of eroded formation
thicknesses, forecasting of reservoir and impermeable seals
distribution and the source rock in the section and area. The
modeling process includes calibration of the thermal model,
assessment of how the most critical parameters (scale of
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EXPLORATION M

cercmohaumalibHbIv I CUKBEHC-CTpaTUrpadnyeckuii
aHanma. Takom Noaxon ons psiaa pervoHoB (Lenbdbl
Mopst J1anTeBbIX 1 POCCUNCKON HYacTu HyKOTCKOro Mopsi)
NPUMEHEH BMNEPBbLIE.

C uenbto NporHo3sa passuTtna 1 coctasa HIMT

B 0Cad04HbIX HaccerHax apKTUYecKoro Lwenbda

B OAO «HK «PocHehTb» cosgaHa 1 MOCTOAHHO
0BbHOBNAETCS reoxmmMmmyeckasn 6asa gaHHbix. C
YHETOM 3TUX MaTEPUNAIoB, a TakXKe BbIMOMHEHHbIX
naneoreorpan4ecKnX 1 NMTON0ro-aumanbHbIX
PEKOHCTPYKLMIM PErOHA OLEHMBAETCS XapaKTep
pacnpocTpaHeHNst HedbTerazoMaTepPUHCKNX MOPOL.

Mozaenuposanue thopmupoBaHua yrnesoAopoaHbIX CUCTEM
CobcTBEHHO MOoAeNMpoBaHne hopMUPOBaHNS
YrNeBOAOPOAHbBIX CUCTEM BbINOHAETCA
NperMyLLECTBEHHO B MakeTe TemisSuite. Linkn

coctouT 13 1D, 2D 1 3D mogenupoBaHug. oarotoBka
OaHHbIX BKIIKOYaET co30aHne CTPYKTYPHOM MOLENN,
BOCCTaHOBJIEHME TOSLLMH SPOANPOBaHHbBIX

OTNOXKEHWM, MPOrHO3 PaCnPOCTPAHERHVS KONIEKTOPOB,

MoAroToBKa NCXOAHDLIX AAHHbIX
CTpyKTypHas Mmoaens
JlnTonorudeckas mogesns
PacnpocTpaHeHre HehTeMaTepPUHCKX MOpOo.,
BoccTaHoBeHVE TOSLLM SPOANPOBAHHBIX MOPOL
[NPOBOAMMOCTb Pa3/ioMOB BO BPEMEHN

1D mogenupoBaHue
KannbpoBka TenI0BOW MOAENN BPEMEHM

2D mopienupoBanne
OLeHKa BPeEMEHW Havana reHepaumm 1 Murpaumn
YrNeBOOOPOL0B
BbloeneHmne 30H Hedpte- 1 razoreHepaumm
[pOrHO3 He@TEra30HOCHOCTM Paspesaa
['porHO3 ha3oBOro cocTasa YriieBO40POA0B B JIOBYLLKAX
OLI,eHKa BINNAHNA NEPEPLbIBOB, 0a3MbIBOB 1 Pa3/10MOB Ha
hOPMNPOBAHME N COXPAHHOCTb 3asIEXKEN
YrNeBOLOPOLOB

3D moaenupoBanue
BbloeneHne o4aroB reHepaLyn yrnesoaopoaos
BbloeneHve 30H OpeHnpoBaHns TOBYLLIEK 1 MyTEN
MurpaLmm dpaonaa
OLieHka 0bbemMa CreHepupPOBaHHbIX Yr1EBOAOPOA0B
OueHKa pecypCcoB YreBOAOPOAOB B NIOBYLLKAX

Puc. 2. bnok-cxema nocnenoBaTenibHOCTU
MoaenupoBaHna OopMUPOBaHNA YINEBOAOPOAHbIX
cuctem TennosaA UCTopuA.
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erosion processes and faulting) influence the formation and
preservation of formations and forecasting of the reservoir
saturation with carbohydrates (fig. 2).

Preparation of Initial Data
Structural model
Lithological model
Distribution of source rock
Reconstruction of eroded rock thickness
Conductivity of faults in time

1D Modeling

Callibration of thermal time model

2D Modeling
Estimaton of time when hydrocarbons generation and
migration began
Identification of oil- and gas- generation zones

Forecast of oil and gas bearing capacity of the section
Forecast of phase compoisiton of hydrocarbons in traps

Assesment of impacts from hiatuses, scourings and
faulting on formation and preservation of hydrocarbons

3D Modeling
Identification of hydrocarbon generation centers
Selection of trap drainage zones and fluid migration paths
Esimating volume of generated hydrocarbons
Estimation of hydrocarbon resources in traps

Fig. 2. Block scheme showing sequence of modeling for
hydrocarbon system formation.

The scarcely available data for the sedimentary basins of
the shelf creates a number of problems mainly related to
the numerous uncertainties. This is why the authors perform
multi-version modeling of the hydrocarbon accumulations
formation and evaluate the model’s sensitivity to changes
of certain parameters. Usually, pessimistic, optimistic and
most probable scenarios are assessed. Without a doubt,
most uncertainties may only be resolved after drilling
appraisal or prospecting wells.

Let us review some of the problems and approaches to
their resolution showcasing various basins of the shelf.

Stratification and completeness of the section.
Ambiguities of the stratification and the completeness of
the sedimentary section is typical for the least explored
sedimentary basins in The Eastern Arctic [3-10]. The
reason for this is the absence of deep wells on the shelf
and the impossibility of definite reflection identification to
the wells drilled in the American sector of Chukchi sea
and along Laptev sea coast.
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hnromaoynopoB 1 HeTerazaoMaTeEPUHCKNX MOPOL

B paspese 1 no nnowagu. [Npy MogenpoBaHmn
MPOBOAATCH KanMbpoBKa TEMIOBOW MOAENM, OLIEHKA
BANSIHMSA Hanbofee KpUTUYHBbIX MapamMeTpoB (MacluTaba
3PO3MOHHbBIX MPOLLECCOB 1 PasfioMOB) Ha (hopMUPOBaHNE
N COXPaHHOCTb 3a/1EXKEN, BbIMOHAETCS MPOrHO3
YrneBoLopOA0OHACHILLEHNSA PE3epBYapoOB (puC. 2).

Huskasa cTeneHb M3Yy4eHHOCTU 0Caao4HbIX 6acCenHOB
Lwenbda obycnoBnmneaeT psag Npobnem, ces3aHHbIX
rNaBHbIM 00PA30M C HAMHMEM MHOXXECTBA
HeonpeaeneHHoCTeN. B ¢BsA3M ¢ 3TM aBTopamm
MPOBOAATCHA MHOrOBapVaHTHOE MOAENMPOBaHNE
hOPMUPOBAHUS CKOMIEHUI YrNEBOAOPOAOB 1 OLEHKA
YyBCTBUTENBHOCTM MOAENM K UBMEHEHWIO TOTO WU MHOMO
napameTpa. OBbI4HO OLEHMBAOTCSA MECCUMUCTUYHbIN,
OMNTUMUCTUYHBIN N HAMBONEee BEPOSATHbLIN BapUaHThbl.
BesycnosHO, 60bLUas HYacTb HEONPEAENEHHOCTEN MOXXET
ObITb CHATa TONMBKO MOCcNe ByPEHNS NapaMeTPUHECKINX
NN MOVICKOBbBIX CKBaXKMH.

PaccmoTpum Ha npuMepe pasnnyHbIX baccenHoB
Lenbga HekoTopble NPOBeMbI 1 MoAXodb! K 1X
PELLEHNIO.

Ctpatuchukauma v NosIHOTa paspesa.
HeoaHO3Ha4YHOCTL CTpaTUdmKaLmm 1 NoaHOThLI paspesa
0Cafo4HOro Yexna xapakrepHa onsg HammeHee n3yYeHHbIX
0cafo4HbIX 6accermHOB BOCTOYHOM APKTUKM [3-10].
Bbi3BaHO 3TO OTCYTCTBMEM FYDOKMX CKBXKWH Ha
Lenbge 1 HeBO3MOXKHOCTBIO OAHO3HAYHOM MPUBA3KN
OTPaKAOLLMX CENCMNYECKIX FTOPU3OHTOB K CKBaXKMHAM,
NPOBOYPEHHBIM B aMEPUKAHCKOM CEKTOPE HyKOTCKOro
MOPS 1 Ha Nobepexxbe Mops J1anTeBbIX.

[na 3anagHon YacTu wensda Mops JlanTtesbix,

rAe B3rfisabl Ha pasnuyHoe cTpaturpaduyeckoe
HamosHeHVe paspesa 0Caf04HOro Yexsa pasnmyarTcs
Hanbonee CyLLECTBEHHO, MOOENMPOBaHWE BbIMOMHANOCH
Kak s BapuaHTa pasBuThA 30eCb MEPMCKO-
KanHO30WNCKOro paspesa, Tak U AN BapuaHTa C
MEHbLLIM CTpaTUrpadHecKnM MHTEPBASIOM — B OObEME,
BK/IOYAIOLLIEM TOMBKO anTKaMHO30MCKME OTIOXKEHNS.

B nepBom BapuraHTe MOAENMPOBaHNE NOKa3aso, YTo
3HAYNTENBHO BOSbLLNM 3aMONHEHNEM YT IEBOAOPOAAMM
XapakTepusyroTcst DOPTOBbIE 1 HaMboee NPUNOAHATbIE
CTPYKTYpbI pervoHa. Kpome Toro, 0603Ha4uioch
MPEVMYLLIECTBEHHO HaCbILLIEHME CTPYKTYP HEPTHIO.

[No pesgynbTaram BTOPOro BapraHTa OTMeYaroTcs
MakCUMallbHOE 3anofiHEHME YrNeBogopoaaMn Hanbonee
MOrPY>XEHHbIX B BaCCeHe NOBYLLIEK 1 ra30BbIN COCTaB
HacCbILLALLMX X PNonaos.

Tennosasa uctopuna. MooenmpoBaHve C y4eToOM
pPasnNYHOW TEMNOBOW UCTOPUK NPOBOAUTCS MO BCEM
nccnengyembiM 6accerHam. [Npr 3ToM y4nTbiBaOTCA
COBPEMEHHbIE 3amMephbl (Kak NPaBuio, eANHUYHLIE)
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For the western part of the Laptev sea shelf, where the
views on the stratigraphic composition of the sedimentary
section disagree the most, modeling was performed both
for the version of the Permian-Cenozoic scenario and for
the version with smaller stratigraphic intervals, in volumes
including only the Apt-Cenozoic formations. For the first
version, the model revealed that the edges and most
elevated structures of the region feature significantly higher
hydrocarbon content. The structures that were primarily
saturated with oil were identified. The results of the second
version emphasize the maximum hydrocarbon content

for most of the immersed traps in the basin and the gas
composition of fluids filling these traps.

Thermal history. The modeling, considering all the various
thermal histories is conducted for all the basins under
review. With that, both modern heat flow measurements
(as a rule they are sporadic) on the surface and the
formation temperatures are based on well data as well as
the principal indicators of the paleotemperatures — vitrinite
reflectance values (Ro) for both core and natural outcrops.
The analysis of the region’s thermal activity periods related
to rifting and magmatism is also important. Usually, different
options are analyzed either at constant heat flow or heat
flow differentiated in time. Modeling for Laptev sea shelf
revealed that changes to the heat flow have a significant
impact on the time when hydrocarbons began to generate
and migrate, as well as the extent to which the traps were
filled with hydrocarbons and on phase composition of fluids
in forecasted formations. Resolving thermal history related
uncertainties is possible by calibrating the models based on
drilling results, increasing the number of modern heat flow
measurements and more precise reconstruction of region’s
thermal activity phases.

Analysis of source rock intervals. The next important
component for modeling is consideration of the SR
structure peculiarities and their geochemical characteristics.
In regards to the least explored sedimentary basins of the
eastern Arctic and north of the Sea of Okhotsk, various
researches have significantly different positions on the
assessment of development of various oil and gas bearing
rock potential in the section. The authors are studying

the SRI in well section and in outcrops on islands and in
coastal onshore areas as well as attract the data for the
nearest analogous sedimentary basins. Ambiguity of initial
data on the position in sections and the SRI characteristics
explains the necessity for multi-version modeling with
consideration of various source rock characteristics. For the
shelf areas where siliceous SRI are developed in sections,
modeling is also done with consideration of various kinetic
characteristics of kerogen. With that, modeling shows
ambiguous results. For example, various kinematic kerogen
characteristics have an insignificant impact on the type

of traps and on the extent to which they are filled for the
Sea of Okhotsk aquatic area, because siliceous source
rock here have just entered the oil generation phase and
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TENNIOBOro NOTOKA Ha MOBEPXHOCTU U MNacTOBbIX
TemnepaTyp Mo CKBaXKMHaM, a TakKe raBHbI
nokasaresib naneoTemMrnepaTyp — 3Ha4eHNs OTPaKatoLLEN
CNOCOBHOCTY BUTPUHUTA (RO) Kak Mo KepHy, Tak 1 Mo
nopoaam 13 eCTECTBEHHbIX OBHaXKEHUIN. BarkeH Takke
aHanM3 NeproaoB TEMNOBOW aKTUBM3aLMM PEMIOHA,
CBSA3aHHbIX C pUdTOoreHe3oM 1 Marmatnamom. OB6bIMHO
aHaNM3MPYOTCH PadHble BapyaHTbl MPY MOCTOSIHHOM Ui
oV epeHLUMPOBaHHOM BO BPEMEHN TEMIOBOM MOTOKE.
MogennpoBaHue No wenbdy Mops JlanTeBbix Nokasaso,
YTO C U3MEHEHNEM TEMIOBOro NOTOKA CYLLECTBEHHO
N3MEHSAKTCA BPEMS HaYana reHepaumm 1 Murpaumm
YrNeBo4OPOAOB, CTENeHb 3arnoSIHEHNST JIOBYLLIEK

1 (ha3oBbI COCTaB PONO0B B MPOrHO3MPYEMbIX
3anexax. YCTpaHeHne HeonpeneneHHOCTeN, CBA3aHHbIX
C TEMJIOBOW UCTOPUEN, MPEACTaBNSAETCA BO3MOXHbIM
nyTem KanmbpoBKM Modenen no peaynsraram dypeHus,
YBENUHEHWS YCTa 3aMEPOB COBPEMEHHOMO TEMOBOrO
noToka 1 6051ee TOHHOW PEKOHCTPYKLUMM STarnoB
TENNOBOW aKTUBN3aLIMN PErnoHa.

AHanu3 HegpTerasomaTtepuHCKuUX Tosi. CnenyoLen
Ba>KHOWM COCTaBASIOLLEN NMPW MOOEIMPOBAHUM SBSIETCA
y4yeT ocobeHHocTen CTpoeHnsa HITMT, nx reOXMMUHecKom
XapaKTEPUCTUKM. B OTHOLLEHN HAMMEHEE N3YHEHHbIX
0cafo4HbIX BaccernHOB BOCTOYHOM APKTUKK 1 ceBepa
OXOTCKOro Mops pasHble UCCReaoBaTen CyLLEeCTBEHHO
PACXOAATCA B OLEHKE PasBUTUA B paspese PasnyHbIX
no HedbTerazoMaTePUHCKOMY NOTEHUMasTy NMOPOA.
ABTOpamMu NnposoanTca nsydeHne HIMT B pagpesax
CKBaXXVH 1 ODHaXKEHWIN Ha OCTPOBax 1 NpuneraroLen K
aKBaToOPUM HYacTu CyLLUN, a TakKe MPUBNEKAIOTCS AaHHble
Mo 6amKanLLIMM ocago4HbIM BaccerHam-aHanoram.
HeoaHO3Ha4YHOCTb NCXOOHbBIX AaHHBLIX MO MONOXKEHMIO

B pa3pese 1 xapaktepuctukam HIMT obycnosnmeaeT
NpPOBEAEHVE MHOMOBaPWaHTHOrO MOAENMPOBAHNS C YHETOM
Pa3INYHbIX XapaKTEPUCTUK HedTerasoMaTepUHCKIMX
nopon,. o y4acTkam LwenbgoB, rae B pa3pesax pa3suTh!
KpemMHucTble HFMT, MogenmpoBaHmne BbINOSNHAETCA TakKe
C YHETOM PA3NINHHON KMHETUHECKOW XapaKTepPUCTUKA
keporeHa. [py STOM MOOENMPOBaHME AAET HEOAHO3HAYHbIE
pesybTarbl. Hanpumep, pasHble KNHeMaTu4eckmne
XapaKTEPUCTUKM KEPOreHa HE3HAYNTENBHO BAUSIKOT

Ha XapakTep 1 CTeneHb 3anofHEHNS JTOBYLLIEK B
akBaTopum OXOTCKOro MOPS, Tak Kak KPEMHUCTbIE
HedhTerazomMaTepUHCKIME Nopoap! 34eCb TONMBKO
BCTYNWM B rNaBHyto pasy HedpTereHepaumm 1 He
oKasav CyLLEECTBEHHOIO BO3AENCTBUS Ha 3anofiHeHWe
NOBYLLIEK 1 (DA30BbLINM COCTaB yrneBoaopoaoB. B To

e Bpems B KOxxHO-Kapckom 6acceriHe aTu hakTopbl
NPOSABNSOTCS B BOMbLUEN CTEMEHW, TaK KaK KDEMHUCTbIE
HIMMT 30ech NpenMyLLECTBEHHO Y>KE peann3oBasiv CBOW
reHepauUMOHHbIA NoTeHUman. HanbonbLuee BAnSGHME

Ha XapaKTep HaCbILLEHNUS pa3pesa yrieBoaopoaamMmm
OTMEYaETCS NPY N3MEHEHWN TaKNX NokasaTenein, Kax
TONWMHBI HIMT, cogeprkanHme v TUn opraHn4ecKoro
BeLLecTBa.
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have not impacted significantly the phase composition of
hydrocarbons and the filling of traps here. At the same
time, in the South Kara basin these factors are manifested
to a greater extent since siliceous SRI here have primarily
completed their generation potential. Altering such factors
as SR thickness, content and type of organic matter

has the largest impact on the saturation of section with
hydrocarbons.

Evaluation of impacts from nondepositional

hiatus and the extent of rock erosion. Modeling with
consideration of various extents of rock erosion revealed
that eroded sections below 300-500 m amplitude as well
as large erosions which happened before the main stage
of hydrocarbon generation began have insignificant impact
to the formation and preservation of accumulations. Thus,
significant by its scale pre-Jurassic rock erosion in the
North Chukchi basin had an overall negative impact to
hydrocarbon accumulations formation in overlying units
due to the erosion of Shublik, one of the principal Triassic
source rock formations for the section. In section below
the erosion surface, pre-Jurassic processes had a positive
impact, contributing to formation of stratigraphic type traps.
The main hydrocarbon generation and migration stage
here took place at a later time. Similar situations are noted
for sedimentary basins in the northern part of the Sea of
Okhotsk.

Large hiatuses and erosions that happened here either
after or during the main phase of oil and gas generation
and migration from the source to the traps had a negative
impact of formation and preservation of hydrocarbon
accumulations. Thus, modeling revealed an almost entire
destruction of hydrocarbon accumulations in near-edge
zones of uplifts, along the Wrangel-Herald oblique slip faults
zone in North Chukchi trough during early Cretaceous and
early Cenozoic erosions.

Evaluation of faulting impacts. Experience of modeling
with consideration of various conductivity of faults shows
that at the regional phase, in absence of data on conductive
role of faults given large uplifts and not very significant
vertical amplitude of faults, no significant differences are
found in regards to saturation of attic zones of structures.
Modeling the impacts of fault tectonics at this stage may be
neglected as it only introduces more uncertainties into the
model. The fault tectonics factor is expedient in modeling
prospecting areas, when it is possible to use analogue
fields benchmarking to assess conductivity of faults varying
in scale, type and direction.

Overall, based on 2D modeling experience for hydrocarbon
systems formation at Rosneft, usually 12 to 20 versions

of the model are calculated. Final conclusions about
prospective capacity of assets and their ranging are based
on correlation of favorable and unfavorable scenarios of
hydrocarbon accumulation formation processes.
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OueHka BNVAHUA nepepbiBOB B 0Ca4KOHaKOIMIeHUn
M macwtaboB 3po3un nopoa. MogenmposaHne

C Y4ETOM PAasnnYHbIX MacLUTaboB 3p0O3uK MOPOa,
noKasaso, 4YTO pasMmbIiBbl amMnanTygon meHee 300-500

M, a TaKKe KpYynHble pa3mblBbl, MPOVNCXOOMBLUVE OO
Hayasia OCHOBHOIO aTana reHepaumn yrneBogopoaos,
HECYLLIECTBEHHO BAUSIIOT Ha hopMMpOBaHME U
COXPaHHOCTb 3anexen. Tak, 3Ha4TelbHas Mo
MaclUTabam Npeabiopckas 3po3ns Mopoa

B CeBepo-YykoTCckoM BaccerHe, B LiENOM
HeraTMBHO NOBMSNA Ha (HOPMUPOBaHME
3a/1eXelt B BblLLENeXaLlMX KOMMIeKcax na-
3a pa3MblBa OAHOM 13 OCHOBHbIX B pa3pe3e
HehTEMaTEPUHCKMX MOpOo[, TPUACOBOM
dopmaumn LLIy6nnk. B pa3pese Hke
3PO3NOHHOWN MOBEPXHOCTU MPEMBIOPCKME
MPOLECCHI ChIrpan MoNOXKUTENBHYIO POSb,
CnocobCTBYST (hOPMMPOBaHNIO NOBYLLIEK
cTpaturpaduyeckoro Tuna. OCHOBHOW aTan
reHepaummn 1 MurpaLmnmn yrinesofopoLoB
30ecb nNpoTtekan nosaHee. CxogHast cuTyaums
oTMedeHa 1 4ns ocagoyHbIX 6acCcenHoB B
ceBepHol YacT OXOTCKOro Mopsi.

HeratBHO Ha NpoLecchl (POPMUPOBaHNS 1
COXPaHHOCTW CKOMIEHNI YINEBOAOPOAOB
NMOBNNANN KPYIMHbIE NEPEPbIBbI U Pa3MbIBbI,
NPOVICXOAVBLIME MOCE MO0 BO BPEMS
OCHOBHOW (ha3dbl reHepaumm U Murpaumm
HeTW 1 ra3a 13 04aroB B JTIOBYLLKN.

Tak, MOJenMpoBaH1e NokasblBaeT, YTO B
CeBepo-4HykoTCcKOM Mpormnbe BO BpeMs
PaHHEMENOBOMO 1 PaHHEKANHOZ0MCKOro
Pa3MbIBOB MPON30LLIO MPaKTUHECKM MOSTHOE
pas3pyLLUEHVE 3aNEXEN YrIIEBOLOPOLOB B
NpUOOPTOBO 30HE MOAHSTUIN, BAOSIb 30HbI
B36poCcoHaOBuUros BpaHrens — Nepanbaa.

Three-dimensional modeling is typically done for the most
probable scenario. It is aimed at determination of maturity
of principal source rock in research area, selection of
hydrocarbon generation centers, estimations on volume
of generated and migrated hydrocarbons, detection of
drainage zones for prospective assets and evaluation

of phase composition of fluids in the accumulations (fig.
3). In presence of statistical regional data on the scale of

I a3 Gas
B Heds Oil
5 Hedtb+Bopa Oil+water

I Bogna Water

Puc. 3. PesynbtaTbl 3D MogenvpoBaHMA HacbIWeHuA
yrnesoaopoAamy NaneoreHoBbIX OTNIOXEHWUN Ha CeBepo-
3anagHoM wenbge o. CaxanuH: 1 — nyTn murpaumm novaa;
2 — NINTONOrMYeCcKne N TEKTOHNYECKME IKPaHbl; 3 — 30HbI
OPEHUPOBaHUA; 4 — NOBYLLIKU

Fig. 3. Results of 3D modeling for saturation of paleogene deposits

OueHka BnuaAHUA paznomos. OnbiT
MOAEIMPOBaHNS C YHETOM PasnNHHON
NPOBOAVMOCTM Pa3NoMOB NOKa3bIBaET,
YTO Ha PErvoHanbHOM 3Tane Npu OTCYTCTBUM AaHHbIX

O MPOBOASILLEN POV PA3IOMOB, KPYMHbIX pa3mepax
MOAHATUM U HE CTOMb 3HAYUTENBHOW BEPTUKANBHOM
aMnUTyae Pa3noMOB CYLLIECTBEHHBIX OT/NYNIA B
HACbILLEHNM CBOAOBbIX HaCcTel CTPYKTYP HE OTMEYAETCA.
MopenMpoBaHneM BANAHUS Pa3foMHON TEKTOHUKM Ha
3TOM 3Tarne MOXKHO MpPeHebpeYb, Tak Kak OHO BHOCUT
TONbKO 60MbLLE HeonpeaeneHHoCcTel B Moaenb. dakTop
Pa3IOMHOW TEKTOHMKM LIENECO0BPa3HO yHNTbIBATb

npwv MOOENMPOBAHMN Ha MOUCKOBBIX y4acTKax, Koraa

Mo COCEAHNM MECTOPOXOEHVAM-aHaIoraMm BO3MOXKHO
CyOuTb O MPOBOAMMOCTM Pa3IOMOB Pa3NHHbIX
mMacLuTaba, TUMOB 1 HanpaBneHU.

B uenom no onbeity 2D MogenmpoBaHus hopMmMpoBaHns
yrnesogopoaHeix cuctem B OAO «HK «PocHedTb»
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at north-western shelf of Sakhalin island: 1 — fluid migration paths; 2 —
lithological and tectonic seals; 3 — drainage zones; 4 — traps

hydrocarbon losses during migration, 3D modeling is used
for quantitative resources evaluation for possible formations.

Results of basin modeling application. The first results of
basin analysis application at Oil Company Rosneft OJSC were
obtained for the Vankor region in 2004. (N.A. Malyshev et all,
2004).

In 2006, LOCAS software was used to model the formation
and infiling with hydrocarbons for the structurally complex
Vorgamusyur asset at thew Chemyshov ridge in the Timano-
Pechora basin (fig. 4). Based on the modeling results,
favorable forecasting for hydrocarbon saturation of the lower
Permian and Carboniferous formations in underthrust, part
of the Vorgamusyur structure, was obtained. Drilling of well 2
Vorgamusyurskaya confirmed the forecast. Lower Permian
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EXPLORATION M

6-b

HedTeHacbILLIEHHbI KEPH 113 aPTUHCKIX KapOOHATOB HIDKHEV NMepMi
Qil-saturated core from lower Permian Artinskian carbonates
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Puc. 4. Pe3ynbTaThl MOAENMPOBaHNA HacbIWeHUA yrnesogopoaamu (a) n bypeHua Ha Bopramycropckoi

NnoaHaABUIOBON CTPYKType (6)

Fig. 4. Results of modeling hydrocarbon saturation (a) and drilling at Vorgamusyurskaya

underthrust structure (b)

paccunTbiBaeTCs 06biH4HO OT 12 0o 20 BapnaHToOB
MoZenn. /IToroeble 3akJIOHEHUST O MEePCNEKTVBHOCTA
OOBEKTOB 1 VX PaHXMPOBaHNE OCHOBAaHbI Ha
OaHHbIX aHanM3a COOTHOLLEHNUST BNaronpUATHbIX

1 HEBNAronPUSATHbLIX CLIEHAPWEB NPOLIECCOB
HhOPMUPOBAHVA CKOMMIEHNIA YT IEBOAOPOA0B.

TpexmepHOe MOOENMPOBaHME BbINOMHAETCSH, Kak
npaBuno, ANs Hanbonee BEPOSTHOrO CLIEHAPUS.

OHo HanpaBneHo Ha onpeaeneHe 3penocTu
OCHOBHbIX HEPTEMATEPUHCKIX TOJILLL MO NoLaam
ncenegoBaHui, BbldeneHne o4aroB reHepaLmn
YrneBofopoao0B, OLEHKY OObEMOB CreHepUpPOBaHHbIX
"M aMUrpmrpoBaBLLUMX YyrieBodop0oa0B, BbidBIEeHNE 30H
OPEHNPOBaHWS AN NePCNeKTUBHBbIX OO BEKTOB 1 OLIEHKY
(ha30BoOro cocrtaBa hOMAOB B 3anexax (puc. 3).

ﬂpm HaM4nn CTaTUCTUHECKNX OdaHHbIX MO PermoHy o
MacLUTabax notepb yrnesoaopoaos npu MurpaLmm 3D
MOJENMPOBaHWE NCMOob3yeTCs ANS KONMYECTBEHHOM
OLIEHKM PECYPCOB BO3MOXXHbIX 3aNexel.

Pe3ynbTtatbl npumeHeHna 6accemHoro
moaennpoBaHUA. [1epBble PeadybTaTthl UCMOB30BaHMA
baccenHosoro aHanmnaa B OAO «HK «PocHedhTb» Obinn
noJsyyeHbl No BaHkopckomy pervoHy B 2004 r. (H.A.
Manbiwes 1 gpyrue, 2004 r.).

B 2006 r. B nakeTe LOCAS 6bI1110 BbINOHEHO
MOZEeNMpoBaHne (oPMNPOBaHNA 1 3arOSTHEHUS
YrNeBoAOROAAMN CIOXKHOMOCTPOEHHOIO
Bopramyctopckoro obbekTa Ha rpsge HepHblllesa B
TumaHo-INevopckom baccelHe (puc. 4). Mo peadynbTatam
MOOENNPOBaHNA NOyHeH 6naronpUaTHbIA MPOrHO3
HaCbILLEHNS YrNeBoaopPOAaMN HXKHENEPMCKMX U
KaMeHHOYIOJIbHbIX OT/TIOXEHWM B MOAHAABWIOBOM

www.rogtecmagazine.com

carbonates manifested an ail inflow of 2 m3/day. Due to
poor reservoir properties of lower Permian carbonates and
insignificant reserves, this formation was declared non-
commercial.

In 2007-2012 based on the results of complex research
on the oil and gas bearing prospects for Russian sea
shelves using basin modeling technology, hydrocarbon
resources were re-estimated, prospective assets

were ranged and recommendations were prepared on
licensing and further GEW directions for the shelves of
the Pechora, Barents, Kara, Laptev, Chukchi, Caspian,
Black Seas and Sea of Okhotsk.
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