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How can we explore the Russian Arctic Shelf?
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3anagHble HeTerazoBble TEXHNYECKME XXypHaSbI, Aa U
NPOCTO OBbIYHbIE FAa3eThl MOKT Andrpambbl 3anacam
YrNeBOOOPOAOB B APKTUKeE, 3a4acTyio HasblBad ee
cneayrowmM rnodanbHbIM NeEPefoBbIM PYOEXKOM.
[NprBOOATCS OrPOMHble LUMdpbl — [eoiornyeckas
Cnyx6a CLLA 03By4mna oLgHKy 3anacos B Lenbix 400
MUIMapOoB 6appener B HEPTAHOM 3KBUBASIEHTE,
KOTOpbIE eLLe NPEeaCcTOUT OTKPbITh, CBbille 80% n3
KOTOPbIX, MPEeanONOXUTENBHO, MPUXOOUTCSA HA MOPCKME
MECTOPOXOEHWS.

PagymeeTcsi, KOHTUHEHTasbHbIE Pa3BeAOYHbIE PAbOThI

B ADKTUKE NUMEOT BoraTtyto MCTOPWKO, B HaCTHOCTU Ha
Ansicke n B 3anagHon Cubnpu; Nepuoanyeckn passeaka
Takxe npoBoamnack B bapeHUeBoM 1 HyKOTCKOM MOpPSiX,
Ha tore Kapckoro mops 1 B Mope bodopTa (PrcyHok 1).

TeM He MeHee, 3HauuTeNbHast HacTb ApKTl/IKI/I

npencTaBneHa KpynHenmmM Ha 3emne EBpasuiicknm
KOHTUHEHTaSIbHbIM LeNbdOM, BosbLLIas YacTb KOTOPOro

44 | ROGTEC

Western oil & gas technical journals as well as ordinary
newspapers wax lyrical over the hydrocarbon resources
of the Arctic, typically referring to it as the next global
frontier. Huge resource estimates are bandied about — the
USGS has suggested as much as 400 billion barrels oil
equivalent remains to be discovered, with over 80% of
that thought to lie in offshore fields.

Of course, onshore Arctic exploration has a significant
history, notably in Alaska and West Siberia, and there
has been intermittent exploration in the Barents, southern
Kara, Chukchi and Beaufort Seas (Figure 1).

Nevertheless, a significant part of the Arctic is represented
by the largest shelf on Earth, the Eurasian epicontinental
shelf, of which the major portion, amounting to some

3.5 million sq kms, is located in the Russian Arctic. As

a calibration, this is an area roughly equivalent to 700
offshore Angola deepwater blocks or 152,000 Gulf of
Mexico deepwater blocks!
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EXPLORATION M

— OKOJ10 3.5 MUIIIOHA KB. KM., PacroioxxeHa B
POCCUNCKOWM YaCcTn ApKTUKK. [Nns cpaBHeHUs, aTa
nnoLwaab npumepHo pasHa 700 rnyboKOBOAHbIX MOPCKMX
©nokoB AHrosbl v 152000 rnyboKoBOAHbIX OIOKOB
MekcukaHckoro sanvsal

Mnowaap, 06o3Ha4eHHasd Ha pUcyHke 1, Mo 6onbLIOMY
CHeTy, MccnegoBaHa Maso - B CBA3M C CyPOBbIMU
NOroAHbIMU YCIIOBUSIMU, BbICOKOW CTOUMOCTBIO Pa3BEAKM
1 NPEensaTCTBYHOLLEN NIOMUCTUKOWN.

Bnaropaps ycunmsam CoOBETCKUX YHEHbIX 1 X
nocrenoBarenen, Ham U3BECTHO, YTO BOCTOYHAS HYacTb
BapeHueBa Mops, Kapckoe, YykoTckoe 1 BocToqHO-
Cunbunpckoe Mops 1 Mope JlanTeBbIX COAepKaT CBbILLE
40 ocago4HbIX 6aCCENHOB, N Mbl UMEEM Hernoxoe
npeacTaBneHne 06 nx ctpaturpadum, CeaMMeEHTONOrN 1
CTPYKTYpPHOW reosiormn.  Poccuickas Yyactb bapeHuesa
MOpPS 1 tor KapcKoro Mopst MpeacTaBnsaoT cob0m
Hanbonee n3y4eHHble HeTAHbIE PaioHbl C 6OIBLIMMM
OoKasaHHbIMK 3anacamun. Cesep Kapckoro mMops,
HaNpPOTUB, MPaKTUYECKM HepasBedaH, a ofis Apyrmx
paioHOB €CTb /INLLb Pa3PO3HEHHbIE
CcencMopasBefoYHble JaHHbIe.

B ot4ete Opadea, Manbiwesa 1 HukmwinHa (2010)
npeacTaBneH OTNNYHbIN 0030P TEKTOHNYECKOW NCTOPUA
1N HedpTEera3oBoW reosIOrN POCCUNCKOrO apKTUHECKOrO
wenbda, HO S He CTaHy 34eChb ero NPUBOOUTb.

YunTbiBasd UMEIOLLIMECH 3HAHWS HEITEra30BOW Mre0Iorn
pervoHa, gasamte o0CcTaB M BOMPOCHI MOSIUTUKM B
CTOPOHY 1 NPeacTaBMM, YTO 3anaaHble HeDTAHbIe
KOMMaHW1 ByayT y4acTBOBaTb B Pa3BefKe POCCUNCKOro
APKTNYECKOrO LWenbda. B aTom cnyyae BO3SHMKaeT
BOMPOC — YTO OHW MOMYT CAenaTh, YTobbl 3Ta pa3seaka
npouncxoguna 1 apdeKTBHO, U PE3YSLTaTNBHO,

B JTyHLLNX MHTEPECOB N Aep>XKaTenen NMuUeHsnm, n
POCCUINCKOro NpaBUTENbCTBA?

370 BbI3bIBAET TPU AOMNOMHUTENBHBLIX BOMPOCA:
1. Kak npaBu/ibHO paccTaBuTb npuopuTeTs 415 6oee 40
0Ca04HbIX BACCENHOB, YITOMSIHYThIX BbILLIE?

2.CylecTBYeT NPeaB3aToe MHEHNE, YTO 3TW BaCCenHbI
MOMYT Coflep><aTb MPenMyLLIECTBEHHO ras3 13-3a
MPOVCXOXKAEHNS OPraHVK B MaTEPUHCKIMX Nopoaax.
Moxxem v Mbl y3HaTb 3apaHee, 40 6YpeHVs], KOTopble
n3 HUX "HeTsHbIE"?

3.MexxayHapoaHble HEDTAHbIE KOMMaHWW MPUBLIKIW, YTO
pa3BeaoYHble PaboTbl — 3HAYUT BOSbLLNE OOBEMBI
3D-cencmopasBenkn. Tak, 40-50 TbICAY KB. KM.
ryOOKMX N CBEPXITTYOOKNX MOPCKMX BOA AHIOSbI
nccnenoBarbl 3D METOAOM, YTO Ha3bIBaAETCS, BOOMb U
nonepek, 4to nossongdet Total, BP v gpyrum
KOMMaHNAM HacnaxkaaTbCa (DakKTOPOM ycrexa BbilLe
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PucyHok 1: CeBepHbiii JlenoBUThIN OKEaH MOKPbIBAET
nnoLLlaap, B MoATopa pasa npesbiLlatoLLyto molaas CLLUA.
CelcmopaseenoyHble CyaHa, bypoBble YCTaHOBKM 1 TaHKEPbI
MOIYT 3aX04UTb B HErO Yepe3 BepuHroB Mpome Mexxay
Ansickon n Poccuen, nponve densuca mexay [ peHnaHaven n
KaHagon, Yepes Jatckumii nposve 1 HopBeXKCKOe MOope Mexay
["peHnaHaven n Esponon. Mnntoctpaums ¢ canta
WWW.geoexpro.com, Pasgen 7, #6.

Figure 1: The Arctic Ocean covers an area about one and a
half times the size of the United States. Seismic vessels, drilling
rigs and tankers can access it via the Bering Strait between
Alaska and Russia, the Davis Strait between Greenland and
Canada, and the Denmark Strait and Norwegian Sea between
Greenland and Europe. This image is taken from
www.geoexpro.com, Volume 7, #6.

The area — Figure 1 —is, to a large extent, sparsely
explored due to its harsh environment, high cost of
operations and forbidding logistics.

From the efforts of Soviet scientists and their successors,
we know that the Eastern Barents, Kara, Laptev, East
Siberian and Chukchi Seas contain over 40 sedimentary
basins, and we have a reasonable idea as to their
stratigraphy, sedimentology and structural geology.

The Russian Barents and the southern Kara Seas
represent the most explored petroleum provinces with
large proven resources. In contrast, the North Kara is
virtually unexplored, and there is only sparse seismic data
over the other areas.
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90% B 6nokax 15, 17, 18, 31 n 32.

Takasa 3D-passenka 0bblHHO cTonT okono 3000
OONNapoB 3a KB. KM.

MoxHo v BoObLLe NMPeacTaBuTb Pa3BeaKy Takoro
mactuTaba metonom 3D B APKTYKE Mpy Takow
CTOUMOCTU?

B aT0I CTatbe, 4 X04y 3a0CTpUTb BHUMaHNE Ha
NOCnNefHEM BOMPOCe.

B uenowm, ceicmopasBegka B APKTUKe CBA3aHa C ABYyMS
npobnemamm — HeNoCPeACTBEHHO CaM Nef U TO KOPOTKOe
BPEMS, KOFAa OH OTKPbIT.

[1BEe KOMMaHUN 3asIBUMW, YTO OHU YXKE PeLLaloT 3TOT
BOMPOC:

Komnanus ION Geophysical pabotana B HykoTckom
Mope 1 Mope bodhopTa, paspabdaTbiBas MeTodb! paboThbl
Ha Nbady 1 NoAo NbAoM. OHM caenanm o4eHb ASIMHHDBIN
CMELLIEHHbIN CENCMNYECKNIA pa3pesd Noao SbA0M, TakUM
0bpa3om co3aaB HEOOXOAMMOCTb B O4EHb CTabUMBHOM
nnatdopmMe ans nosly4eHns gaHHbIX 6e3 Kakmx-nmbo
MOBEPXHOCTHbBIX XapakTepUCTUK, 6e3 Noaaep KK

07151 CENCMNYECKOro MCTOYHMKA NN XBOCTOBOMO

Bys. 310, B co4eTaHn C TeM DakToM, YTO NEAOKON
OYKCUPYET CENCMOMPUEMHYIO KOCY, UasA Brepeam
CeNcMopasBefo4HOro CyaHa, pacHuLLas 4ns Hero nyTb,
CO30aEeT O4EHb CMOXKHYKO KapTUHY LLYMOB. YTO0ObI yopaTh
3TOT LUyM, ObIN NCMOSIb30BaHbI COBEPLLIEHHO HOBbIE
anropuTMbl B c1UCTeMe 06paboTkm faHHbIX. Kpome Toro,
B KOMMaHUM paboTatoT y4eHble, CrieLmanma3npyroLLmMecs
Ha NPOrHO3ax Nea0BbIX YCNOBUA APKTUKN 1 OpYyrue
cneuvanncTbl, padpabaTbiBatoLLme COBEPLLIEHHOE
MPOEKTMPOBaHNE CbEMKM 151 3TUX CYPOBbIX YCIIOBUIA.

KomnaHusa Polarcus CKoHUEHTpupoBana ceou
YCUVS Ha CTPOUTENBCTBE Pa3BEA0HHbIX CyA0B

C BO3MOXXHOCTBIO paboThl BO NibAax APKTUKN,

npv 3TOM YOOBNETBOPSIIOLLMX O4YEHb CTPOMM
TpeboBaHMsM KnaccuhukaunoHHON CUCTEMbI

ICE, onpepenstoLLen napaMeTpbl Kopryca cyaHa,
TpeboBaHVs K ero XoakoCTu, hakTopbl MOArOTOBKM
Ccy[Ha K aKcnyataumm B SUMHUX YCNOBUSAX 1 T.4.
KoMnaHuna Takxe yaenseT OrpoOMHOe 3HaYeHne
SKOJSIOMMHECKMM BOMPOCaM, TaKUM Kak COKPaLLEHUIO
Lwyma 1 MUHUMU3aLMK BbIBPOCOB XXUAKMX OTXOO0B.
KoMnaHuna 3anyctut pnoTuanto U3 WeCTU Takux
YCOBEPLLEHCTBOBAHHbIX CENCMOPasBefOyHbIX CYA0B.

370, KOHEYHO, 3aMeHaTesibHble TEXHOMOMMYECKME
peLLeHNs, BOCXUTUTESbHBbIE MHHOBALIWN, HO NP BCEM
>KENAHWN B MUPE, S HE MOTY MPEACTaBUTb, HTOObI 3TU
OBe orpaHn3auun 3anyCTUm LUNPOKYIO KaMnaHio No
“paseenke” 3D npu ctoumocT B 3000 0onnapos 3a KB.
KM. — MOXXET OblITb, TaKNX PECYPCOB HY>KHO pa3 B MATb-
necatb bonbLue?
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Drachev, Malyshev & Nikishin (2010) give an excellent
overview of the Tectonic History and Petroleum Geology
of the Russian Arctic Shelves, and | have no intention of
repeating what they say here.

However, building on the current knowledge of the
petroleum geology, let us put politics to one side

for the moment and assume that western IOCs will
participate in exploration of the Russian Arctic Shelves.
The question then arises — how do they help such
exploration to proceed both efficiently and effectively,
in the best interest of both license holders and the
Russian government?

Three sub-questions follow:
1. How to prioritise the aforementioned 40 plus
sedimentary basins?

2.There is a prejudice that these basins may be
dominated by gas due to the provenance of the organic
material in the source rocks?
Can we figure out in advance of drilling which ones
are ‘oily’?

3.10Cs have got used to exploring with vast amounts of
‘exploration’ 3D seismic. For example, the 40-50,000 sq
kms of deepwater and ultra-deep water Angola are
covered ‘wall-to-wall’ with such 3D, enabling Total, BP
and others to enjoy a success rate of >90% in Blocks
15,17,18, 31 and 32.
This 3D typically costs around $3000 per sg km.
Is it even remotely possible to envisage huge swathes of
Arctic ‘exploration’ 3D at this price?

In this article, | want to focus on the final point.

Broadly speaking, the Arctic presents two related
problems to seismic acquisition — the ice itself and the
limited time when the ice is open.

Two companies have stated that they are addressing
this issue:

ION Geophysical have been working in the
Beaufort and Chuckhi Seas, developing methods
that work in and under the ice. They have shot very
long offset seismic under the ice, this necessitating

a very stable acquisition platform with no surface
features, no gun floats or tail buoys. This, together with
the fact that an ice breaker sails the line ahead of the
seismic boat, clearing its path, sets up very complex
noise patterns. To remove this noise, completely
new algorithms have been built to be included in the
processing system. In addition, within ION there are
scientists who specialise in forecasting Arctic ice
conditions, and also others who create ideal survey
designs for these extreme conditions.

www.rogtecmagazine.com



BmecTe Mbl pewum nwob6yw sagauy!

npomssogcﬂ;o ceucmom&nen&l‘ﬁ >

ncnonb3oBaHNem 6ecnpoBoAHbIX cjn(ﬂ

HOBas aBTOHOMHas cMcTema 6ecxa6en‘b 0

u FireFly (6ecnpoBopnan peruc‘rpupylouqag-;uc'rema)
Wcnonb3oBanne manorabaputHo Bv|6poceuavm\!ecxom
ycranoBku UniVib ana pocryna Ha yqac'rlm, KO‘I‘OPFFE_F‘_IB_ *

NpeACTaBNANNCD HEAOCTYNHLIMN. YAYYLIEHHbIN AN3aliH

NOBbILIEHHON XecTKoCcTH AaTunKoB VectorSeis B coueTaHumn
C HOBbIMU UNPPOBbIMU BO3SMOXKHOCTAMU cucTtembl ARIES I,
Paspa6oTaHHOe 1 ycoBepLIeHCTBOBAaHHOE B COOTBETCTBUN C
Tpe6oBaHNAMM oTpacnu o6opynoBanne komnauuu INOVA
oTnnYaeT 0co6an NPOYHOCTb, HAAEKHOCTb 11 MOL{HaA
TeXHN4YecKan nogfepiKKa, KoTopble He06xoAMMbI HaWINM
3aKasumkam.

Bonee nopgpo6Han nHpopmayna o HOBUHKaX
KomMnaHvu B 06nacTy HasemHoW celicMOpa3BegKn
copepXKuTca no aapecy inovageo.com/YOU-Driven.

INOVA HA BbICTABKAX:
SEG 2011 - CTEHA N2816 KIOGE 2011 - CTEHA N29-72, MAB. 9




B PA3BEOKA

S Xxo4y cKazaTb, YTO 3T YCNOBUSA MEHSIOT — B KOPHE
MEHSAIOT — TO, YTO ObINO OCHOBOW 3 MEKTUBHbBIX U
pPe3ybTaTBHbIX PasBefoyHbIX PaboT B MOpE elle

c cepeuHbl 90-X rOO0B 1 3TO 3aCTaBNAET MeHS
3a4yMaTbCH, MOXET /I BOOOLLE padBedKa apKTUHeCKmX
BO[, ObITb OCYLLECTBEHA 3a Pa3yMHYO CTOMMOCTb?
Ecnn Mbl BEpHEMCS K cercmopaseeke 2D-mMeTonom,
TOrga nepen HamMmu BCTaeT NepcrnekTBa bypeHns
CKB&XXMH Ha cyMmy cBbile 100 MUIIMOHOB LO11ap0oB
npu (hakTope pUcKa OOMH U3 YeTbIPex Un gaxe
fonblue — a 3TO COBCEM He TO, Yero Ham

XxoTenock 6Obl!

KakrMn gaHHbIMU U 3HAHUSMW Mbl pacnonaraem B
HacToAWMM MOMeHT? [Onga 6onbwmHCTBa 6aCCEeNHOB,
€CTb Hernnoxoe NnoHMMaHue crpaturpahum,
CeaUMEHTOIOMMN U CTPYKTYPHOW reonornn; AOCTYMHbI
OaHHble MO OJIMHHOBOJTHOBOW rpaBMpa3Benke

N MarHNTOpasBeKe; TakXKe eCTb HEKOTOPOEe
KonnyecTBO AaHHbix 2D passegku MIMNB n MOB,

npw 3TOM MOCAeAHME MOTyT OblTb 4O ONPEAEEeHHON
cTeneHun OONOJHEHbI.

BosmoxxHO, cnegyroLmm aTanoM reounanyeckmnx
nccnegoBaHNn OOMKEH CTaTb 3arnyCck OBLINPHOMN
nporpamMmmbl MOSIHOTEH30PHOW FrPaBUMETPUA, OMbIT
NCMNOJIb30OBAHNA KOTOPOW Ha Cylle, HanpuMep, B
BocTo4uHom Adbpuke, nokasan cebst HaaeXXHbIM
NHCTPYMEHTOM /15 ONpefeneHnsa 3Ha4MbIX
NPU3HaKOB NEPCMNEKTUBHbBIX CTPYKTYP (“KOHLIOB”)

B 6accenHe. Takme ycnyri npeanaraoT KOMMNaHum
ArkEx n Bell Geospace, cpeau npo4ux. B codeTaHum
C CYLLECTBYIOLMMU 3HAHUSMU, STOT NOOXOL MOXET
CNocobCTBOBAaTb CO3AaHMIO peecTpa Takmx “KOHLOB”
Onsa Kaxgoro baccenHa.

Cnenyouwym LWaroM B NpoLecce passefku ctan obl
3anyck Tode4vHom 3D pasBedku B MecTax Hambornee
NHTEPECHbIX “KOHLOB”, YTODbI MEpeBECTM X B paspsan,
NepCneKTUBHbBIX TEPPUTOPWUIA, NCMONb3Ys Kak npumep
noaxod, npegnaraembin komnaHuamn ION Geophysical
n/vnn Polarcus: y>xe 3a aTuM Morfo 6bl nocnegoBaTb
OypeHnve.

Hapetocb, BCe 3TO 3BYYUT HE CIIMLLKOM MNPOCTO?
MPOEKT pasBeiKy apKTUHECKMX BO, HACTONbKO LLIMPOK
N 0B6CTOATENEH, YTO He MO CUNY KaKoM-nnbo oaHom
KOMMaHUM 1 OOHKEH ObITb OpraHn3oBaH POCCUNCKUM
NpaBUTENbCTBOM A0 Havana nuLEeH3npoBaHs.

Ccbinku

Opades, Maneiwes 1 HukuwwnH, 2010: VicTopusa
TEKTOHNKWN N HedpTerasoBas reofiorns pOCCUMNCKMX
APKTUYECKMX LWenbdoB: 0630p B n3gaHnm
Petroleum Geology: oT 3pefnbix 6acCeNHOB K HOBbIM
ropu3oHTam, onybmkoBaHo ['eoorn4eckm
ObuwecTtBoM, JIOHAOH.
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Polarcus have focussed on building survey vessels

with the capability to operate in Arctic sea ice, meeting
extremely demanding ICE classification systems that
specify hull construction, propulsion requirements,
winterisation systems etc. Also they are paying great
attention to environmental issues such as sound mitigation
and mitigation of fluid emissions. The company will launch
a fleet of six such advanced seismic vessels.

Now these are great technology ideas, great innovations,
but with the best will in the world | cannot see either

of these two companies shooting vast tranches of
‘exploration’ 3D at a cost of $3000 per sq km - five or ten
times that, perhaps?

My point is that this changes — displaces — what has been
the basis for efficient and effective offshore exploration
since the mid 1990’s and makes me wonder whether
Arctic exploration can in fact be undertaken at reasonable
cost? If we go back to exploring with 2D seismic, then we
face drilling $100m plus wells at a risk of 1 in 4 or worse
- not what we want to do!

What data and knowledge do we have at the

moment? For most of the basins, there is a reasonable
understanding of stratigraphy, sedimentology and
structural geology; long wavelength gravity and
magnetic data is available; as is a certain amount of 2D
refraction and reflection data, the latter of which can be
supplemented to some extent.

Perhaps the next stage of geophysics should be to fly
extensive Full Tensor Gravity (gravity gradiometry) surveys
which experience onshore, for example in East Africa, has
shown can be a reliable tool for defining significant leads
in a basin. ArkEx and Bell Geospace offer this service,
amongst others. Integrated with existing knowledge,

this approach is capable of producing a basin-by-basin
lead inventory.

The next step in the exploration process would then be
to shoot ‘postage stamp’ 3Ds over the most interesting
leads, to mature them into prospects, using for example
the approaches advocated by ION Geophysical and/or
Polarcus: drilling could then follow.

| hope | don’t make this sound too simple? This is an
extensive and detailed project which is beyond any one
company and needs to be commissioned by the Russian
government prior to licensing rounds.
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