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YLLIECTBYIOT MOBO/b! CHMTATb, YTO 3a NMoclefHne

NeT ABafLartb, KOMMaHuW, BeOyLLME pa3BenKy B
MOPE, B HEKOTOPOM POAE «0BNEeHNNNCL», Nonarascb Ha
TO, YTO ycnex UM obecnedaT gaHHble pervoHansHom 3D
cencMopasBeaKu.

OpHako 370 ByaeT HEBO3MOXKHO, KOrda pa3BeaqmKim
BEPHYTCA Ha CyLLy B MOVCKax TPYAHOU3BEKaeMbIX
3aMacoB: 1Crnosib30BaHne pasBeo-HbIMY KOMMaHVSMM
VNHHOBALMOHHbBIX TEXHOJIOTUI CTaHET KIMHOYEeBbIM
hakTopOoM Mpu BO3BpAaTe K HA3EeMHOWN pasBeaKe Ha 3TOM
nyTu «Ha3ap B OyayLee».

B aTon ctatbe s cobpan MHhopMaumio 0 HEKOTOPbIX
B&XXHbIX TEXHOMOMMSIX pa3BeaKu, PacroioXMB VX Mo
CTENEeHN MacLLUTabHOCTV 1 paspeLleHVst.

[ucTaHuuoHHoe 30HAUPOBaHNe M HediTenpoABNeHuA

B oToenbHbIX cnydasx, CryTHUKOBas ChemMka

MOXXET BbISIBNSTb MPU3HaKN HEAABHUX U3MEHEHNI
Tonorpapun. BeposTHO, 0anH 13 Hanbonee ApKmx
NPUMEPOB - HabMtOAEHMS 3a MOAHATUSAMY NMOBEXHOCTU
Ha MecTopoxxaeHun [aBap B CaygoBckon ApaBun B
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t can be argued that over the last 20 years or so, offshore
explorers have become ‘lazy’, relying on regional 3D
seismic to bring them success.

This will not be possible when explorers turn to looking for
unconventional resources onshore; the innovative use of
technology will be the key to explorers “going back to the
future” and returning to onshore exploration.

In this article, | assemble some relevant exploration
technologies in order (roughly) of increasing resolution
and focus.

Remote Sensing & Seepage

Satellites can on occasion offer evidence of recent
topographical changes. Perhaps one of the better known
examples are the observations of surface elevation above
the Ghawar oil field of Saudi Arabia, seeking changes
presumed to be due to the reservoirs compacting as oil
was produced.

However, the results were not as expected” and not
uncontentious®!

www.rogtecmagazine.com



EXPLORATION M

MOUCKAX N3MEHEHWI, BbI3BaHHbBIX, MPEANONOXUTENbHO,
YNIOTHEHEM NoPOop, Mo Mepe A06bIHM HedhTu.

OpHako peaynbTaThbl 3TUX HABIOAEHU OKa3aIMCh
HeoXxuaaHHbIMUY 11 HeocropUMBIMA®P)!

CryTHNKOBOWM ChEMKOW TaKXXe BbIABNSAIOT
HeTENPOABNEHVSI HA MOBEPXHOCTW, 1 HA CEMOAHSLLIHNNA
OeHb, 3TO Hambonee akTnBHas hopmMa ANCTAHLIMIOHHOMO
30HOMPOBAHNS.

BaykHO 0603Ha4Y1Tb pasHuLYy MexXxdy Makpo-
He@TENPOSIBNEHNSIMU 1 MUKPO-BbICAYMBaHVEM.
Makpo-HehTENPOABNEHNS - 9TO U3BECTHbIE U3OaBHA
1 gaxxe yrnoMmHasLUMecs B bubnum oTaenbHble
BUOVMbIE BbIXOAbl HEDTU, KOTOPbIE NCMOMb30BaAIUCH
ON5 3aN0XKEHWsT CKBaXKUH elle B Nepcun n Vpake
(HaUTN aHTUKANHANb C BbIXOAOM HEdTW, BbIACHUTH
BHYTPEHHIOI FEOMETPUID CKNaaKu, BYpUTb B HY>KHOW
TO4YKE) — TO, YeM 3aHmmanachb BP B koHue 80-x

- Havane 90-x, cHavyana MCnoJsb3ysd BO34YLLUHO-
nasepHbit pnyopecueHTHbIn meTop (ALF), 3aTtem npu
MOMOLLM Napbl AOPOrMX COMHLIE3ALNTHbIX O4YKOB,

a NoTOM OTNpaBAdasd AUCTaHUMOHHO ynpaBasgemble
annapatbl ANA U3YyHeHUss XEMOCUHTETUHECKMX
KOJTOHUI, XXNBYLLMX 3@ CHET BbIXOA0B HEDTK Ha
MOPCKOM [He.

B Hawwm gHWM NMPUMEHSIIOT MPENMYLLIECTBEHHO TEXHOOMIO
PCA, n Takne komnanun, kak Fugro NPA (Tenepb

dYactb CGG) npegnaratoT Takyto ycnyry. O ToMm, 4To
HEOOX0MMO Y4MTbIBATb, PACCKa3bIiBaIOCh B ABYX
npeseHTaunsx Ha opyme Finding Petroleum®: nsberatb
NOXXHOMOSIOXKMTENBHBIX PE3YNbTATOB (HAaNpUMep,
BbI3BaHHbIX TEM, YTO MPAaKCKME CyrnepTaHKepbl Bceraa
MPOMbIBAIOT EMKOCTU B OHOM U TOM e MECTE) U
oTOupaThb NPobdbI HA MECTe.

B OTHOLLEHWM MaKpO-HedTeNPosBAEHWIA OObIYHO
NPUBOANTCA ABa aprymMeHTa: Bo-nepBbix, MoYTY

B LLYTKY, HANTV HEPTENPOSABIIEHNE - 3TO XOPOLLO

nan nnoxo”? CBnaeTeNnsCTBYET OHO O AECTBYIOLLEN
He)TEra3oHOCHOM CUCTEME NIV XKe MPOCTO yKasbiBaeT Ha
npoTekaHue NoByLleK? OBbIYHO KaHaslbl NepeMELLEHS
hHona0B MOXKHO BbIABUTE HA2 OCHOBE PErvoHasbHbIX
cencMopasBefoUHbIX AaHHbIX. Bo-BTOpbIX, 1 3TO

y>ke bonee Cepbe3HO — MOXXHO N1 1 CnedyeT n
MNCMONb30BaTh Takne NPU3HaKK 4151 OTOPaKOBKM
PUCKOBAHHbIX MPOEKTOB: MOKAXKET IV FEOXUMUHECKNI
aHanm3 Npob HedTn, Haxogunace v aTa HeTb Korga-
TO B KOJIIEKTOPE W Xke ChopMmpoBanach HeJasHo, a
NPOSABIEHNE Ha MOBEPXHOCTU — N1LLIb BbIXO KaHana ee
MUrpaumm?

Monarato, Hanbonee pasyMHbIV MOAXOM — CHUTATb
Takme HedTENPOSABIEHVA NPU3HaKammn OENCTBYIOLLEN
HedTera3oHOCHOM CUCTEMBI, KOTOPast MOXXET

www.rogtecmagazine.com

Satellites also offer information on petroleum seepage, and
this is currently the most active form of remote sensing.

It’s important to distinguish between macro-seeps and
micro-seepage.

Macro-seeps are the individual observable seeps that have
been known for a long time - mentioned in the Bible, used
to locate wells in the early days in Persia and Iraq (find an
anticline with a seep on top, figure out the internal geometry
of the fold, drill in the right place) - the sort of thing BP was
chasing in the late ‘80’s/early ‘90’s with firstly ALF (airborne
laser fluorescence) and later a pair of expensive sunglasses,
and then sending ROVs down to inspect chemo-synthetic
communities living on seeping oil on the seabed.

Nowadays, the technology of choice tends to be satellite-
based SAR and companies like Fugro NPA (now part

of CGG) offer this as a service. A couple of their Finding
Petroleum talks® are a good example of what you can do:
the need to avoid false positives (Iragi supertankers always
flushing their tanks in exactly the same place, for example),
the need to get out there and take samples.

There tend to be two arguments about macro-seeps.
Firstly, slightly facetiously, is seeing one a good thing or
a bad thing - are they evidence of a working petroleum
system or proof that traps are simply leaking? Usually, you
can figure out the fluid pathways by looking at regional
seismic data. Secondly, and more seriously, is there any
way they can or should be used for de-risking prospects
- when you have a sample of the oil, does geochemical
analysis tell you that it has ever sat in a reservoir or is it
recently generated oil and the seep is simply sitting at the
end of a migration pathway?

| think the sensible approach is simply to regard such seeps
as proof of a currently working petroleum system which can
probably be typed by geochemistry to a plausible source
rock,

In seepage terms, macro-seeps are the big signals and
micro-seepage is the background noise, being more
widespread and much less obvious. There are two different
approaches to thinking about the latter. Firstly you can
attempt to sample micro-seepage directly: this is what
GORE Surveys for example say they do. They have done

a couple of Finding Petroleum presentations®® which are

a good summary of their technology, deployable both
onshore and offshore.

Alternatively, you can appeal to the reasonably well
documented thought that seepage will affect both sail
chemistry and/or vegetation and deploy a technology that
will pick this up. There are several examples but again
satellites can be used for this, with the Soviet Union having
decided this was a good idea.... Scotforth has inherited
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B PA3BEOKA

ObITb MrEOXUMNYECKM [OCTOBEPHO MpUypoHeHa K
COOTBETCTBYIOLLIEN MaTEPUHCKOW NOPOAE.

Ecnu roBopuTb 0 BbicaqmBaHn BOOOLLIE, Makpo-
HedTeNpPOsBNEHNST CTOUT CHUTATb KPYMHBbIMM
npusHakamm, a MIUKPO-BbiCa4BaHe — OOHOBbIM

LLIYMOM, 3HAa4Y1TENbHO LUMPE PacnpOCTPaHEHHOM 1 MeHee
o4eBuaHoM. CyLLECTBYET ABa pasfnN4YHbIX MOAXoaa K
nocnegHemy. Bo-nepBbix, MOXXKHO HaNpsMyto onpoboBaTth
MVKPO-BbICa4/BaHME: 3TUM 3aHMAaKOTCS, K MPUMEpPY,
GORE Surveys. VIx TEXHONOMMS MOXXET NCMOIb30BaTLCS
Kak Ha cylle, Tak 1 B MOpe — OHa Oblna NoapobHO
onncaHa Ha AByX BbICTYMNEHUSX KOMAaHWK Ha hopyme
Finding Petroleum®®),

B npoTtrBHOM crydae, MOXKHO MPYBECTN XOPOLLIO
[OKYMEHTUPOBaHHbIM A0BOA O TOM, YTO MPOLIECC
BblCa41BaHNSA OKa3bIBaET BIMAHNE HA XUMMIO MO4YB W/
NI PacCTUTESNIbHOCTb, 1 BOCMOJIb30BATLCAH TeXHOJ'IOI'I/IeVI,
PaCMno3HaoLLEN 3TN MPU3HAKKN. Takmx TEXHOOMIA
HECKOJBKO, HO OMSATb »KE, C 9TOW LIeSbIO MOXXHO
NCMoNb30BaTb CNyTHUKK, 1 B CoBeTckoM Coroze
CUUTANOCh, YTO 3TO XopoLllas nges... Komnanms
Scotforth yHacnegoBana anemMeHTbl Takoro noaxoaa v
npencTaBmia no 3ToN TEME HECKONBbKO Mpe3eHTauui Ha
dopyme Finding Petroleum®.

HabnioaeHnst 3a MUKPOBbICaYMBaHEM C CMOSIE30BaHVEM
JHOOOV TEXHONOMW, VHOTAA BbI3bIBAKOT CEPbE3HbIE
CKEMTUYECKME 3amMeHaH st MO ABYM HanpasnieHusm. [pexxae
BCEr0, CHATAETCH, YTO 3ALLUUTHNKMA ULAEN HE CIINLLKOM-

TO LIEPEMOHATCS C BOMPOCOM, YTO CHMTATb OCHOBHbBIM
MPU3HAKOM, & YTO (POHOBBIM LLyMOM. BO-BTOpPbIX, MHe
KaDKETCS, YTO HMKTO TaK HW pasy 1 He CMOr NoKasaTb,
4TOObI MPO6Ha HEOTU U3 TOHKN MVKPO-BbICaY/BaHNS B
KaKoW-TO MOMEHT Haxoamniachk Obl B KONEKTOPE, MO3TOMY K
3as9BMIEHMSAM O TOM, YTO STOT MOAXOA MOXKHO 1CMOb30BaTh
7151 OTOPaKOBKN OOBEKTOB, HY>XXHO OTHOCUTLCSA C BOSBLLION
OCTOPOXHOCTHIO.

BepoaTHo, ny4lue Bcero 6yaeT ckasatb, YTO Takoe
BblCa4/BaHVe MOXXET yKa3sblBaTb Ha AENCTBYIOLLYHO
HeTErazoHOCHYHO CUCTEMY.

BosHMKaeT MbICb, HTO 06UVEe CKeNTULM3Ma 1
MHOroobpasne MHEHWIN O BbiCavBaHW B OBLLIEM,

NMEIOT OTHOLLIEHME K BOMPOCY O TOM, ABASIETCA N
BblCa4BaHVe CBUAETENbCTBOM HaM4US YreBOOOPOAOB,
MUFPUPOBABLLVIX OT MaTEPUHCKMX MOPO[, B KaKytO-TO
NOBYLLIKY VNN »Ke He aBnsdeTcs. Ho aTa 03abo4eHHOCTb

— BOMPOC AN1s TpaanLUmMOHHOM passeaku. MoXeT ObiTb,
BbiCaqMBaHMe MOXET paccMaTpurBaTbCa nHade, korga
peyb MOET O HETPAAULIMOHHOW pa3BeaKke, rae NpeaMeToM
noncka siBNsStOTCA craHueBast He(DTb UV CNaHLEBbIN ras.
MoryT 1 HabnaeHNs 3a Bbica4mMBaHeM 1 ONpoboBaHve
MOMOYb B MOMCKaX «1akKOMbIX KYCKOB» Ha C/aHLIEBbIX
MECTOPOXOEHWSX?
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some of this Soviet thinking and have done a couple of
Finding Petroleum presentations® on this subject.

Micro-seepage observations using any technology
sometimes produce deep scepticism on two levels. First of
all, the proponents are thought to play somewhat fast and
loose with the question of ‘what is signal, what is noise?’!
Secondly, | believe that it is still true that nobody has ever
demonstrated that a sample of micro-seeped oil ever spent
any time in a reservoir so claims that this approach can be
used to de-risk prospects should be treated with (extreme)
caution.

Perhaps the best that can be said is that such seepage
may demonstrate a currently working petroleum system.

One thought would be that much of the scepticism, many
of the diverse opinions, about seepage in general relate to
whether or not it offers any evidence at all of petroleum that
has migrated away from a source rock into a trap of some
sort. This is a pre-occupation of conventional exploration.

It may be that seepage offers a different perspective when
thinking about unconventional exploration where the focus
is on shale oil or shale gas. Could seepage observations
and sampling for example help locate the «sweet spots» in
a shale play?

Conventional Gravity & Magnetics

Most access to conventional potential field data — gravity
and magnetics — is via regional data bases such as the
careful compilations (still) offered by Getech for the Middle
East, substantial parts of Russia and the FSU, parts of
Africa, and so on.

Such data is useful at the basin scale, for example for
mapping ‘basement’, revealing structural grain etc but
does not have sufficient resolution and lack of ambiguity for
modern ‘surgical’ exploration. Also it is difficult to reconcile/
integrate magnetic models with seismic.

However, the advent of Full Tensor Gravimetry (FTG) has
improved resolution markedly and, integrated with modest
amounts of 2D seismic, this has emerged as a powerful
exploration tool. ArkEx have written an excellent summary
of the technology which you will find here®.

A Canadian company, NXT Energy, offers an airborme
gravity-based technology which is based on the premise
that the earth’s gravity field is locally distorted by stress
(tectonic stress, affecting fracture orientations and so on)
and that this in turn relates to (or even controls??) the
distribution of fluid traps, and that these can therefore be
detected by using airborne ‘rotational gravity’ surveys.

Passive Seismic
Typically this technology involves deploying up to a hundred

www.rogtecmagazine.com
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| MockoBckue HedpTerazoBble KOHpepeHLUn
ExXerogHble BCTpeun HePTAHUKOB U ra30BUKOB

B otene InterContinental Moscow Tverskaya

18 mapTa 2014 HE®TErA3CHAB
CHabxeHue B HedpTerazoBom Komrrekce

KoHdepeHuua cobupaet pykoBogutenei cny6 MatepuanbHO-TEXHUYECKOTO
obecneyeHuns HepTerazoBbix KomnaHui. OBcyKaaeTca opraHusaums
3aKyMNoYHON AeATeNbHOCTH, LelecoobpasHOCTb 3aKyMoK Mo MMMOPTY,
npoueaypbl 0T60pa NOCTaBLYUKOB, NMpremMKa 060pyfoBaHus,
nHPopMaLMoHHOe obecneyeHmne pbiHKa

22 man 2014 HE®TEFA3CTPOU
CTpOMTeanTBO B He(bTerasoBOM KOoMnJieKkce

®opmupoBaHvie UMBUIN30BAaHHOTO PbiHKA B HedpTerasoBOM CTPOMTENbCTBE,
npakTrKa BblIbopa CTPOUTENIbHBIX MOAPARYMKOB, WUHXUHUPUHIOBbIX
opraHu3auun, co3gaHue CI c nHodupmamu, pacwmpeHue chepbl
LEeATENbHOCTU POCCUNCKUX MOAPAAYMKOB, OLIEHKa KayecTBa paboT -
OCHOBHble NpobneMbl, paccMaTpuBaemble Ha KoHpepeHuun "HedTerasctpoi”

11 centabpsa 2014  HE®TEFTA3ONEPEPABOTKA
MopepHu3aumna nepepa6oTkm HepTn 1 rasa

YBenunueHue rnybrHbl nepepaboTKn CbipbA U BBEAEHME HOBbIX SKOMOMMYECKUX
CTaHAAPTOB TPEOYIOT PEKOHCTPYKLUMM AeNCTBYIOWMX MOLHOCTeN. Ha
KOHdepeHLMM 0bCyKaaeTca npakTka paboTbl C MHKUHMPUHIOBbIMU
KOMMaHUAMMU, a TaK>Ke MOAENV YNPaBNEHUS HBECTULMOHHBIMU NMPOeKTaMu

9 okTAbps 2014 HE®TErA3CEPBUC
HedvterasoBbin cepBuc B Poccumn

TpaauuroHHas nnowaaka ana BCTPeY pyKoBoauTenen reopusnyeckux,
6ypOBbIX NPeANPUATUI, @ TaKKe KOMMAHWUN, 3aHATbIX PEMOHTOM CKBaXKUH.
Moppagumkn B HedpopmanbHo 06CcTaHOBKe 0OCYKAAOT akTyaslbHble BOMPOChI
CO CBOVIMM 3aKa3umKamm — HedpTerasoBbiIMM KOMMNaHNAMM

4 pekabps 2014 HE®TETA3LWIENb®
Moppaabl Ha HedTerasoBom wenbde

3akasumkamu BbicTynatoT OAO "Taznpom’, HK "PocHedTb", HK "NIYKON" 1 pag
WMHOCTPaHHbIX KoMMnaHui. Ha koHbepeHunn "HedTeraswenbd" npeacraBnieHbi
Takxe ¢upmbl Hopserun, CLUA n BenukobputaHuy, nmetolie 601bLLON
NpakTUYeCKMI ONbIT PaboTbl Ha HedTera3oBoMm LWesbope

Tene¢oHbi: (495) 514-44-68, 514-58-56; info@n-g-k.ru; www.n-g-k.ru

HoBble BCTpeyn — HOBble BO3MOXHOCTH! n-g-k.ru




B PA3BEOKA

TpaavWoHHAA rpaBUMETPUYEcKan N MarHuTopasBeka
Bonbluasa 4acTb NOTeHUManbHbIX MOMEBbLIX OaHHbIX
TPaOVLUMOHHOM pasBefKn METOAOM MPaBUMETPUN U
MarHUTHOM CbEMKM CYLLIECTBYET B (DOPME pervoHasibHbIX
6a3 gaHHbIX, TaknX, Kak TwaTenbHble NOaB0oPKX,
npeanaraemble (OO cyx Nop) komnaHuen Getech ons
panoHoB CpeaHero BocToka, 3Ha4NTENbHbIX TEPPUTOPUIA
Poccum n CHIT, yactenn Adbpukin 1 Tak fanee.

Takne paHHble 6yayT NoaesHbl B MaclUTabax 6accenHoB,
K NpuMepy, A5 KapTUPOBaHUs «yHOoamMeHTa»,
BbIACHEHUA CTPYKTYPbI YaCcTuL, 1 T.4., HO He pacnonarartot
OOCTaTO4YHbIM paspelleHnemMm N 0gHO3Ha4YHOCTbIO, 4TOObI
06eCneynTb COBPEMEHHYHO «XUPYPINYECKN TOYHYHO»
pas3eenky. Kpome Toro, cornacoBaHne/nHTerpaums
MarHUTHbIX 1 CEMCMNYECKMX MOAENEN NpeacTaBnsaeT
COBO0V CNOXKHYIO 3ada4y.

OpHako, nosBneHve rpaBMMeTPUN METOLOM
namMepeHna nonHoro TeH3opa (FTG) nos3sonunno
3aMETHO YBENNYUTb paspeLleHne, U B CoYeTaHumn ¢
YyMEpPEHHbIMM 0bbeMamu 2D cerncMopasBenoyHbiX
OAHHbIX, 9Ta MeToaMKa cTana MOLWHbIM
NHCTPYMEHTOM B pasdBenke Henp. KomnaHma ArkEx
Hanncana OTNMYHbIN 0630p 3TOW TEXHONOMN,
KOTOPbI MOXXHO HanTK No ccbinke!,

Kanagckad komnanua NXT Energy npepnaraet
TEXHOJIOMMIO MPaBUTALIMOHHOM a3POCHEMKM, OCHOBaHHYHO
Ha OOMYyLLEHWN, YTO rpaBUTaLMOHHOE None 3emMnmn
NCKaXKaETCS HAMPSKEHVAMU (TEKTOHNHECKUM
HanpPs>KeHUeM, BANAIOLLIM Ha OPUEHTALIKO TPELLMH 1
T.[.), N 4TO 37O, B CBOK O4epefpb, BIAET Ha (M1 oaxe
KOHTPOIMPYET??) pacnpoCTpaHeHVe NoByLLEK hNonaos,
KOTOpblE, TakMM 06Pa3oM, MOMYT ObITb ONPeAENeHbl
BO30YLLUHOWV IMPaBUMETPUYECKON CbEMKOW.

NMaccuBHaa ceilcMopa3sBeKa

OBbI4HO, AN 3TOW TEXHOOMUM UCMONB3YETCS A0 COTHU

HOLOB, HACTPOEHHbIX Ha 0OrOCPOYHbIE USMEPEHVIA

O[HOro 13 ABYX NCTOYHNKOB CENCMUHECKIX BOJSTH:

»  ECTeCTBEHHbIE 3EMNETPSACEHNSA HA 3HAYNMbIX
PACCTOSIHUSX OT PErVCTRVIPYHOLLMX YCTPONCTB

»  nn cencmmnyeckre BO3MYLLIEHNS, BbI3BaHHbIE
NOIEBLIMU MEPOMPUATUAMMN, TaKMN Kak [Pl
W 3aKayvka BOfpbl, MOBIM30CTM OT 3an1CbiBatOLLIMX
YCTPOWCTB.

B cnyyae, Korga NCTOYHUKOM CENCMNYECKON
AKTUBHOCTW ABJIAKOTCA MPUNPOOHbIE 3eMNIETPACEHNA,
dyHOAMEHTaSbHbIN NPUHLMMN B TOM, YTO NPOOOSbHbIE
BOJIHbI OT 3EMNETPSACEHNS B MOCNEAHNE HECKOBKO
CEKYH[, NPOXOOAT MOYTN BEPTVKAIbHO HYepesd n3yvaemyro
TONLLY 0CafoYHbIX Nopod. CUnTaeTcs, YTO CNeKTP
HacCTOT TakKnX NPoaoJibHbIX BOJIH USMEHAETCA B
pasnn4YHbIX Npeaenax B 3aB1UCUMOCTI OT TOro, Yepes
KaKkue KOHKPETHO MOpOoAp! 1 chrtonabl OHV MPOXOOsT.
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or so long-term recording nodes to ‘listen’ to one of two

seismic sources:

»  Either natural earthquakes at considerable distances
from the recorders

»  Or ‘earthquakes’ induced by a field activity such as
“fracking” or water injection, in the vicinity of the recorders.

With natural earthquakes as sources, the fundamental
notion is that the compressional waves arriving from the
earthquake are, for last few seconds of their path, travelling
near-vertically through the sedimentary section of interest.
The frequency content of these P waves is deemed to be
altered by varying amounts depending on exactly what
rock-and-fluids are being traversed. In particular, it has
been asserted that the presence of hydrocarbons has

a significant impact on attenuation, enabling petroleum-
bearing reservoirs to be identified. This proposition is not
without opponents.

Nevertheless, | have seen examples where reverse time
migration of such compressional waves through a well-
defined velocity model (derived from 3D seismic) seems to
locate a zone of “anomalous attenuation” in both a known
and a nearby, postulated, oil reservoir.

As remarked, this has been regarded as technically
contentious, and it is interesting that Spectraseis, who
were one of the leading advocates and suppliers of this
approach, have re-located from Zurich to Houston to
deploy their equipment on the other type of passive source.

To observe induced ‘earthquakes’ as sources, the
recording equipment is near to where “fracking” itself,
disposal of “fracking” fluids or conventional water injection
is taking place, monitoring the small shocks that either do
or may occur during these processes. In theory, this has
two or three benefits:

» The ‘shock’ can be precisely located, allowing it to be
shown whether or not the fracture has remained
confined in the target reservoir interval.

»  As with natural earthquakes, it is possible to construct
fault plane solutions which demonstrate fracture directions.

»  Assocaited events, involving “fracking” fluids or water,
can be precisely located,

Micro-Seismic Inc. and now Spectraseis are two of several
companies active in this field.

Conventional Seismic

Modern 3D lies at the heart of modern offshore exploration,
integrating stratigraphy, sedimentology, facies prediction,
rock physics, hydrocarbon phase prediction on the regional
and prospect scales, and then providing a ‘surgical’ tool for
choosing exploration well locations.

It is a fact that such integration is much rarer onshore; 3D
seismic plays a much lesser role.

www.rogtecmagazine.com
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«9KONOIrM4YECKASA NONUTUKA POCCUMN
B ACTNEKTE PEANIM3ALUUU KOHLENUUA
YCTONYNBOIO PA3BUTUSA»

«PECYPCOCBEPEXEHUE - OCHOBHOM
QNEMEHT PEANIM3ALUU KOHLIENUUX
YCTONYMBOI'O PA3SBUTUA
POCCUUCKOU DEOEPALIUN»

IKOJ10I MNTHYECKAHA
OBPALLEHUE C OTXOOAMMU
I'IPO«I/I3BO,EL:-(":TBA n I'IOTPE%HEHVIFI: MDHEPHV‘:BAL“/'Q
NMPOBIIEMbI A PELLUEHUA» - -
POCCVIVICKOUV
«COLUNATIbHO-3KONOIMM4YECKAA B/
OTBETCTBEHHOCTb BU3HECA»

«3ATPA3HEHUE ATMOC®EPbI: ff '?.'. :
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B PA3BEOKA

B 4yacTHOCTW, yTBEPXKOAETCS, YTO MPUCYTCTBME
yrNeBoopPOA0B UMEET CUITIbHOE BIIVSHNE Ha 3aTyxaHue
BOJIH, YTO NO3BONSET ONPeAensTe HepTera3oHOCHbIE
NnacTbl. TO NPeanoNoXXeHNe TakKe BCTpeYaeT KPUTUIKY.

Tem He MeHee, 9 BUaen npyMepsbl, Koraa obpaTHbIi
MPOroH MO BPEMEHW MUrPaLMK TaknX NPOLAObHBIX BOSH
4epes HYETKYHO CKOPOCTHYIO MOAESb (PaCcCHNTaHHYIO

no 3D cencMn4eckM faHHbIM), OBHapYXMBaeT

30HY «aHOMaJsIbHOrO 3aTyXxaHus» Kak B 3BECTHOM
Hed)TEHOCHOM MfacTe, Tak 1 B HAXOASALLEMCS PAOOM
npeanonaraeMom.

Kak oTMe4anoch, 3T0 CHATAETCS TEXHUHECKM
CMOPHBbIM BOMPOCOM, Y MHTEPECHO 3aMETUTb, YTO
KoMMaHua Spectraseis, koTopasi 6bina OoHUM 13
BeOyLLX CTOPOHHNKOB W NMOCTaBLUMKOB TakKoro
nopxopa, nepedpanack 13 Litopuxa B XbloCTOH, YTOObI
1Crob30BaTh CBOE 0OOPYAOBaHVE Ha OPYroM Tune
MacCMBHOIO UCTOYHMKA.

YT0ObI paccMaTpuBaTh TEXHOMEHHbIE «3EMNETPSCEHNS»

B Ka4eCTBe MCTOYHMKA, 3anucbiBatoLLiee 0bopyaoBaHve

yCTaHaBnmMBaeTcs BGmM3n MecT, rae segetcs 'PI1, cbpoc

«PasPbIBAOLLIX» XKUOKOCTEN NN 0BblMHAA 3aKaqka

BO[bl, I BEAETCA MOHUTOPWHI HEOOMBbLUVX BO3MYLLIEHWN,

KOTOPble BO3HWKAKOT WX MOIYT BO3HMKATb BO BPEMS

Takyx npoueccos. B Teopun, B 3TOM eCTb ABa v Tpn

npenMyLLEecTBa:

»  «BoamylLLeHne» MOXET ObITb TOHHO ONPEOENEHO B
NPOCTPaHCTBE, YTO NO3BOSISET ONPEAENUTb, OCTaachb
v TpewmHa B Mpeaenax Lenesoro nHrepsana nnacra
VNN HET.

»  Kak 1 B cny4vae ¢ NpupoaHbIM1 3eMIETPSICEHUSIMNA,
MOXXHO paspadboTaTb peLleHve MIOCKOCTH
HapPYLLUEHNS, YTO BbISABUT HanpaBieHne TPELLWH.

»  [lonyTHble COBbITUS, CBA3AHHbIE C «Pa3pbIBAIOLLIEN>
YKNOKOCTBIO W BOAOW, MOMYT ObITb TOYHO
onpeaeneHsl B NpoCTpaHCTBe

[1Be 13 HECKOMBKVX KOMMaHW, BeOyLLX aKTUBHYHO
OEeATeNbHOCTb MO AaHHOMY HanpaBfieHuo - Micro-Seismic
Inc. n Spectraseis.

TpaauuMoHHaA ceiicMopasBefKa

CoBpeMeHHble 3D MeTOAbI 3aHVMAOT LIEHTPATBbHYHO
Mo3uLIMIO B MOPCKOW padBedke, Bkodas B cebsa aHanm3
cTpaturpadun, CeaMMEHTONOMN, MPOrHO3MPOBaHME
haunin, branky nopomd, NPOrHo3nMpoBaHUE
yrNeBoaopoaHon dhasbl B PEMMOHANIbHOM U Pa3BeaoHHOM
MacuwTabax, a 3atemM 06ecneHnBas «xXnpypriyecki
TOYHbIV» UHCTPYMEHT A1 BbIOOpa PacrnonoXXeHns
CKB&XXIH.

®aKTOM OCTaeTCs TO, YTO Takasi UHTerpaLms ropasao
pexxe BCTpeYaeTcd Ha cylle, 1 3D cercmMopassenka
NrpaeT 3HAYNTEIbHO MEHbLLIYIO POJSib.
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There are two significant issues with respect to the use of
conventional seismic onshore, especially 3D.

The first is Cost.

The second - specific to the pursuit of shale oil and shale
gas — is whether our use of Seismic Attributes, honed for
exploring for oil and gas in porous sandstones and, to
some extent, carbonates, can be developed so as to be
useful for shales.

What about Costs?

Here’s an example | heard about a while ago, namely
exploration in the Llanos foreland of Colombia where
‘everybody now explores with 3D seismic’, leading to
success rates as high as 75% - pretty remarkable in an
onshore environment. The terrain is this area is moderately
undulating ‘cow country’ so relatively straightforward for
acquiring 3D.....and yet the cost per sq km is roughly an
order of magnitude, ten times, that of offshore multi-client
3D...so0 we are talking $25-30,000 per sq kms.

Step back into the Llanos fold belt itself, and the cost is
more like $100,000 per sg km.

Why so? Why these differences? How can we pay so muchl!

My contention is that onshore seismic has simply not
yet seen the acquisition technology breakthrough that
transformed offshore 3D over 15 years ago.

As my old friend lan Jack has pointed out many times,
supported by Bob Heath of iSeis, both at Finding Petroleum
events®9, one absolute key is the slow pace and man-
power intensive nature of using cables, and that the first
breakthrough we seek is the advent of light-weight, long-
life, wireless systems.

The second breakthrough has perhaps already been made
— the almost routine use of ‘simultaneous sweep’ Vibroseis,
initially proven by BP in the deserts of North Africa but now
finding application more widely.

Taken together, ‘simultaneous sweep’ and ‘wireless
recording’ will dramatically reduce the cost (per sq km) of
onshore 3D.

| am fully aware that it would be unreasonable to expect
onshore 3D seismic prices to drop to the level of offshore
multi-client data, largely because onshore seismic crews
have to contend with a variety of terrains and topographies
and because significant numbers of people will inevitably be
involved in deploying onshore seismic equipment.

A better message than a simplistic ‘cheaper please!’ is
that the cost of onshore 3D needs to be at the point where

www.rogtecmagazine.com



EXPLORATION M

CylecTByIOT iBE 3HAYUTENBHbIX MPOBEMbI B OTHOLLIEHWM
TPaOWLMOHHONM CetcMopasBedkn Ha cyllle, 0cobeHHO 3D.

[epBas — 370 LeHa.

BTopasa npobnema, 4yacTHasi onsa CrnaHuUeBbIX
MECTOPOXXAEHNI, 3aKNOHAETCHA B TOM, MOXET

7N UCMNOMNb30BaHNE CeNCMUHECKIX NMapamMeTpoB,
npuMeHsieMoe Ons pasBeaky Ha HedpTb 1 ra3 B MOPUCTbIX
necYaHvKax 1, 40 HEKOTOPOW CTeNeHN, KapboHaTHbIX
nopoaax, ObITb AOPaAb0OTaHO ANA YCHEWHOW pasBeaKm
CNaHUEBbIX MECTOPOXXOEHI.

Y710 Xe ¢ LeHon?

B npumep nprBeny HegaBHO yCIbILLAHHYIO NCTOPUIO
0 pasBefke Ha
dhopnaHae JinaHoc
B Konymbun,

rAe «Bce Tenepb
NPOBOAAT
cenicMopasBenKy
3D meTtogom», Umes
KO3 pULMEHT
pe3yNbTaTUBHOCTY
00 75%, 4to

051 Ha3eMHoM
pa3BeaKm
OOBOJIbHO-TaKM
3amedaTesbHo.
MecTtHoCTb

30€eCb - YMEPEHHO
XOSIMUCTbIE
«CKOTOBOAYECKNE
Yroausi», Mo3ToMy
01151 NONy4eHus

3D paHHbIX
YCINOBWS AOBOJIbHO
MPOCTbIE. .. OAHAKO CTOMMOCTb 3a KBaApaTHbI KMIOMETP
pa3 B AECATb MPEBbILLAET LEHY 3a MyIbTUKIMEHTCKME
MOPCKWE CerncMopasBenoyHble AaHHble, T.e. peyb UaeT
nopsigka o 25-30 Teica4ax OONNapoB 3a KB. KM. Hy a
ecnu 3abvpaTbCa B cam cknagyatbii nosic JlnaHoc,
CTOMMOCTb cocTaBuT nopsiaka 100 ThicaY 3a KB. KM.
OaHHbIX.

Movemy Tak? OTkyda Takas padHuua? Kak MOXXHO
CTOJIbKO MAaTuTh!

C Moelt TOYKM 3peHs, Ha3emMHasa cencmopasBenka
MPOCTO He BUAENa eLle TOro NpopbiBa B TEXHOIOMN
NoJly4eHns faHHbIX, KOTOPbIN N3MeHT MOPCKyto 3D
cericMmopasBeaKy yke 6onblue 15 net Hasag.

Kak 4acTo 3amevan mon ctapei apyr Vlad [pxak, a ¢ HUM
1 Bob Xut 13 komnaHum iSeis Ha MeponpuaTuax Finding
Petroleum®®©, npuynHa 3aknovaeTcs B MeANEHHOCTU U

www.rogtecmagazine.com

Kabenu n «py4Han oTkaTtka»; poTo npegocTtasneHo Wireless Seismic Inc.
Cables and ‘man-hauling’; picture courtesy of Wireless Seismic Inc.

shooting it extensively - so it can be used for regional and
prospect work - fits neatly into the ‘gradually focussing your
onshore exploration’ approach.

What about Seismic Attributes?

Kimmeridge Energy’s analyses show that the economics
of a US shale play can vary considerably depending
whether you are in the ‘core’ or ‘non-core’ of that play.
Post-drill of course definition of what is ‘core’ or ‘non-core’
is relatively straightforward, especially when there is a

huge data base with which to work — of well logs, cuttings,
core, flow rates etc; the whole lends itself to statistical
analysis. In a data-rich basin, this analysis may even be
possible pre-drill; as Kimmeridge Energy put it “defining
the core relies on mapping optimal convergence of various
technical attributes”,
for example
mineralogy, depth,
thickness, porosity,
permeability,
fracturing, TOC/RO,
S1 for the ‘target’
shale9,

| question how
many North
American players
will be able to
successfully
translate their

US and Canada
experiences to

the international
scene? Costs are
likely to be higher
almost anywhere on
the planet outside
North America and so defining the ‘core’ — the ‘sweet

spot’ - of a shale play pre-drill will be absolutely critical; to
do this, companies promising to succeed internationally will
need access to key skills, perhaps especially in petroleum
geochemistry, that have been neglected in the pursuit of
offshore, especially deepwater, provinces.

Also, the amount of data, and perhaps especially its quality,
will be significantly less than that typically found in the USA.

And if we believe in historical analogues, we can point to
the relative failure 20-25 years ago of many companies,
with skills honed in the even then extremely, and relatively,
data-rich USA and Canada, to succeed in international
settings.

So whilst there has been a logical focus on exploitation

issues in thinking about exporting the US ‘shale gale’ to
the Rest of the World — whether the necessary drilling
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B PA3BEOKA

onblWKX Tpygo3aTpaTax npu NCnons3oBaHnn kabenen,
Tak 4TO NepBbIi HEOOXOONMBIN HAM TEXHONOMMHYECKIIA
MPOpPbLIB — 3TO MOSBAEHWE NErKNX 1 [ONTOBEYHbIX
6ecnpoBOAHbIX CUCTEM.

BTopo npopbiB, BO3MOXHO, Y>KE NPOU30LLIEN:
MOYTV BOLLUSIO B PYTUHY UCMONb30BaHMe MeToaa
«OHOBPEMEHHbIX CBUMOB» Bubpoceiic, naHa4anbHO
0oKasaHHOro komnanmen BP B nycTbiHAx CeBepHOM
AdprKn, a cerogHst UCrnosib3yemMoro 3HaqdmTelbHo
Lumpe.

B co4veTaHnn, ogHOBPEMEHHbIE CBUMbI U
6ecnpoBoaHas 3anucb AaHHbIX 3HAYUTENBHO
COKpaTdaT CTOMMOCTb HazemHon 3D pasBenku
3a KB. KM.

S NpekpacHo NoHvMato: 6ecnonesHo oXxuaaTb,
4TOObI LiEHbI HA HaseMHyto 3D cerncmopasBeaKky
BOPYr ynaav A0 YPOBHSA MYNbTUKINEHTCKIX MOPCKMX
pasBefoyHbIX JaHHbIX, BO MHOMOM K3-3a TOro,

4YTO CercMOopasBedOYHbIM Bpuragam Ha cylue
NPUOETCHA CTOJNIKHYTBCHA CO CIIOXKHOCTSAMU paboThl B
Pa3NYHbIX YCNOBUAX MECTHOCTU U Tonorpadum, a
0N 3KCnyaTauum Ha3eMHOro celcMopasBeoHHOro
060pyaoBaHNA HEM30EXKHO NOTPEDYETCSA MHOMO
4eI0BEYECKMNX PECYPCOB.

[MoaToMy ny4Lle MPOCTOro Npu3biBa «AeLleBne,
noxkanymcral» 6yaeT ckasaTb, HTO CTOMMOCTb
HazemHon 3D cercMopasBeaKN LOMKHA OMyCTUTHCA
00 Takoro ypoBHS!, YTOObI MacLUTabbl ee MOAXoanm
0N Uenen pervoHabHbIX U pasBefo4HbIX padoT

N aKKypaTHO yKnaablBanvch Obl B KOHLEMLMIO
«MOCTEMEHHOro (POKYCUPOBAHUS HA HA3EMHOM
pasBenke».

A YTO 00 CENCMUYECKNX MapamMeTpoB?

AHannsbl Kimmeridge Energy nokasbiBaloT, 4YTO
aKOHOMUKa cnaHuesoro nnea B CLLA moxeT
CWNIbHO 3aBUCETb OT TOr0, HACKOJIbKO 6/IM3KO

K LEHTpanbHom ero YacTu BeoyTcs pabdoThl.
OnpepenexHne ynoMsaHyToro «LeHTpa» nochne
OypeHnsa OOBOJIbHO MPOCTO, OCOBEHHO MpW
HanM4nMy OrPOMHON Basbl AaHHbIX MO CKBaXMHaM,
Lwnamy, KepHy, neébutam 1 T.M. - BCe 9TO AOCTYMHO
ONs CTaTUCTUYECKOro aHanmaa. Takon aHanma
BO3MOXXEH elle 0o bypeHusa aons 6accenHos,

MO KOTOPbIM €CTb MHOXXECTBO AaHHbIX; Kak
chopmynypoBann 310 cneumanucTbl Kimmeridge
Energy “onpeneneHve ueHTpa 3aBUCUT OT
KapTUpOoBaHUA ONTUMAaNbHOM CXOAMMOCTU
Pa3MNYHbIX TEXHUYECKUX aTTPUOYTOB», HANPUMEP,
MUHEepanorum, rnyouHel, MOWHOCTN, MOPUCTOCTH,
npoHnuaemMocTn, TpewnHHoBatocTu, TOGC/RO, S1
Ons «ueneBbix» cnaHues!'?),
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& completions equipment exist in the required numbers
elsewhere, whether public and political opinion will support
exploitation, whether the necessary supporting workforce
and infrastructure exists — my focus is on whether we
actually know how to explore for these so-called ‘resource
plays’ in an international setting?

Can geophysics help, specifically seismic technology?

The immediate answer seems to be Yes; there have been
several studies of the geophysical properties of shales with
several recent examples prompted by the ‘shale gale’. It's
somewhat different from say mapping channel geometries
in deep water clastic systems, and then predicting fluid fill
and porosities from acoustic impedance or AVO, but it can
be done.

For example, it seems that TOC is related to density,
and density is of course a component of impedance and
therefore in principle extractable from reflectivity.

Historical data also show that well productivity is a function
of the induced fracture extent and how well the formation
can maintain those fractures. ‘Frackability’, the propensity
of the formation to fracture and maintain the fracture, is
directly correlated with brittleness and thus an important
additional requirement of predicting shale ‘sweet spots’ is
to forecast brittleness, identifying the reservoirs tendency to
fail under stress and then to maintain a fracture. Accessing
Young’s Modulus from seismic data may help here.

This takes us into a novel area. The generation of oil

or gas in a source rock generates micro-fractures and
these fractures will then evolve under the action of natural
differential stress in the earth, typically acquiring a preferred
orientation over geological time. These micro-fractures
then control first of all the likely movement of hydrocarbons
within and through the source rock and also the innate
brittleness of the rock. These aspects of geomechanics
must then be linked to our ability to interpret seismic data;
the simple summary is that three component (3C) seismic
data brings an ability to use shear waves (and sometimes P
wave velocity) to map fractures, an ability which cannot be
achieved with conventional seismic data.

So, in principle seismic could be used to find ‘sweet
spots’............ if it were not for the prices charged by
cable-using seismic contractors!

Thus, at least in my humble opinion, two key questions are
— can we use non-seismic techniques to focus our efforts
in a play into a relatively small area, and then use cable-less
seismic technology to acquire (3C) 3D at a “not losing your
shirt” cost?

The integration Issue
So let’s suppose you are exploring for shale oil ‘sweet
spots’ above one of the world’s great source rocks, in a

www.rogtecmagazine.com



EXPLORATION M

4 3agarocb BOMOCOM, CKOJIbKNE 13
CeBepoaMepPUKaHCKMX YHaCTHUKOB PbIHKa CMOTYT
YCMELIHO UCMob30BaTh
CBOW OMbIT paboThbl

B CLLUA n Kanage Ha
MeXXayHapoaHoW apeHe?
CtoumocTb byneT

tough regulatory environment where a key objective is to
‘make every well count’ and drill as few as possible.

Defining the Global Opportunity Set

Our research suggests that estimated in-place unconventional resources for
onshore basins mav be >20 trillion boe

Bbillle NMOYTN Be3ae - =
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«LleHTpa» — «J1akoMOoro ~ 5

KyCKa» ClaHL,eBoro .
nnes oo bypeHus S
6yneT abCcoNoTHO '
Heobxoanmo; 1 ong
3TOr0 KOMMaHUsM,

KOTOpble MaHupyoT
CBOW yCrnex Ha
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I Prospactive basin for shale play

| I:[ Basin with Shale ol and gas
production

S
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kel
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reoXMMnm, KOTOPbIMU
0ONroe BpemMs
npeHebperanoce,
Bedb BCe OblIN 3aHATbI
NOMCKaMmn MOPCKUX, OCOBEHHO r1yDOKOBOAHbIX,
HEMTAHbBIX MPOBUHLINN.

Kpome Toro, 06bem AaHHbIX, 1 B 0COOEHHOCTU, UX
Ka4ecTBO OyOeT 3HaYMTESIbHO HUXKE, YeM OObI4HO B
CLUA.

1, ecnu BepuTb UCTOPUHECKUM aHaNOrNaM,
BCMNOMHUM, Kak net 20-25 Haszag MHorme KoMmnaHum,
Oaxke pacnonaras CoOOTBETCTBYOLWMMN HaBblkKamu

B Oaxke o4eHb boratbix gaHHbiMu CLLUA n KaHage,
He CMOrnn AoBUTbCSA ycnexa Ha MexXxayHapoaHbIX
npoekTax.

[oaTOMY, MOKa JIOrMHYECKU LEHTP BHUMAaHNA

B Oene aKcnopTa «cnaHuesoro byma» n3 CLLUA

B Opyrve pervoHbl nnaHeTbl yoepXXmnsaeTca Ha
BOMpoOcax aKcriyaTaumm — 4OCTaTO4Hbl i 06 bEeMbI
obopyanoBaHuga onga 6ypeHns 1 3akaH4MBaHN
CKBaXKWH 3a npegenamu CLUA, nogaep»xuT nn Takyto
aKcmyaTaumo 0BLECTBEHHOCTb U MOIUTUHECKNE
CTPYKTYPbI, HAMOETCA N AOCTATOYHO 1 paboyern Cusbl
1 CYLLECTBYET N Heobxoammast HpacTpyKTypa,
MOW rnaBHbI BOMPOC B TOM, 06/1a0aemM N Mbl
OOCTaTOYHbIMW 3HaHUSAMMK, YTOObI pa3BenplBaTb Tak
Ha3blBaeMble «PECYPCHbIe Nnen» Ha MeXayHapOaHOM
YPOBHe?

MomMoXeT nn 30ecb reoursnka, B HaCTHOCTU,
TEXHONOrnK cemcmopasBeakn? MNoxoxe, 4To

www.rogtecmagazine.com
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World-class source rocks: map courtesy of Kimmeridge Energy.

At your disposal, you could have:

»  Satellite (SAR) images showing a few active seeps and
also possible petroleum-related variations in vegetation.

» FTG data (and some 2D seismic) revealing basin shape,
structural grain.

»  Some passive seismic data showing a small number of
zones of ‘anomalous attenuation’.

» A semi-regional 3D survey, allowing a good geological
model to be built.

»  Seismic attributes from said survey.

»  Some information on fracture densities and preferred
orientations.

»  Some micro-seep samples.

Powerful stuff.

You will also need large amounts of tracing paper and an
old-fashioned light table!

Because | would assert that there is at the moment no
other way of integrating all these different types of data and
then visualising them together.

| wait for somebody to show me that | am wrong!
References

1. http://online.wsj.com/article/
SB121002229576468609.html

2. http://www.theoildrum.com/node/3954

ROGTEC | 63



B PA3BEOKA

HEeMoCPeOCTBEHHbIN OTBET — «Aa»; B NoclegHee
BpemMsl MPOBOAMIUCE UCCNeaoBaHMA reoUs3nHecKmnx
XapaKTepPUCTUK ClaHLIeB, HEKOTOPbIE N3 KOTOPbIX
OblSIN CMIPOBOLMPOBAHbI «CllaHLEeBbIM OYMOM».
CuTyaumsa 30ecb OTINYAETCSA OT, CKaXKeM,
KapTUPOBAHNSA TEeOMETPUM KaHaNoB B CUCTeMax
06OMOYHbIX NopoA rNy6oKo nog BOAoh ¢
nocreayroLM NPOrHo3MpoBaHNEM NMopUCTOCTU U
3anofiHeHNs hangaMy Ha OCHOBE aKyCTUYECKOro
nmnenaHca unu AVO, HO BCe XKe, BOBMOXHO.

Hanpumep, noxoxxe 4to 3HaveHre OOY cBs3aHo
C MNOTHOCTbIO, @ MIOTHOCTbL - COoCTaBAsoLLLas
nMmnegaHca, NoaToMy, B MPUHLIMME, MOXET ObiTb
BbIBEZleHa N3 OTPaKeHNs.

VicTopuyeckme faHHble TakXKe NnokasbiBatoT,

YTO MPOU3BOANTENBHOCTb CKBaXKMHbI 3aBUCUT

OT pa3pbiBAEMOCTM MOPOA U TOro, HACKOJIbKO
XOPOLLO MiacT MOXET YAepXXnBaTb HaBeAeHHbIe
TpeLyHbl. «Pa3pbiBaeMOCTb» NOPO/, CKIIOHHOCTb
nnacTa K pacTpPecKMBaHWIO 1 COXPaHEHNIO TPELLNH,
HaNPsMY0 KOPPENMPYeTCs C XPYNKOCTbIO, MO3TOMY
Ba>kHbIM [JOMOJIHUTEbHbIM TPeboBaHneM B
onpeneneHnn cnaHueBbiX «1akOMbIX KyCKOB» OyaeT
NMPOrHO3MPOBaHUE XPYNKOCTW, OnpeaenstoLLein
CKJIOHHOCTb MjlacTa K paspyLUeHUto Nod, Harnps»KeHnem
N COXPaHEHWNO TPeLLMHOBATOCTU. 346eChb MOXET
npuroauTbcs moaynb KOHra, nonyyYeHHbIn 13
cencmmyeckmx gaHHbIx ",

3TO NpMBOANT HAC B HOBATOPCKYO 00nacTb.
dopmMrpoBaHne HeTU 1 ra3a MaTEPUHCKNMMU
nopoaamu co3aaeT MUKPOTPELLMHBI, KOTOPbIE
3BOJIOLIMOHNPYIOT Mo, BO3AENCTBMEM ECTECTBEHHOMO
onbdepeHUmanbHOro Hanpsi>xeHust Nopoma, 0obIYHO

C TEeYEHNEM reoIoMM4YecKoro BpeMeHn npuobpeTas
onpefeneHHyo NPenMyLIECTBEHHYO OpUEHTALNIO.
3aTteM 3TU MUKPOTPELLUMHBLI KOHTPOMMPYIOT, B NEPBYO
o4epenpb, BO3MOXXHOE ABWXEHWE YrNeBoaopOa0B

B MaTepUHCKOW NOpoae, a TakxKe eCTECTBEHHYIO
XPYMKOCTb MOpof. 3aTeM 3TU aCrneKTbl FeOMeXaHKm
HEeobX0aAMMO YyBA3aTb C HaLLEM CNOCOBHOCTLIO
NHTEPMNPEeTUPOBaTbL CENCMUYECKME OaHHbIE;

€CNN FOBOPUTb KPaTKO — TPEXKOMMOHEHTHbIE

(3C) cencmmyeckme gaHHble garoT BO3MOXXHOCTb
1MCNOb30BaThb NoMNepeyYHble BOSHbI (a MHOrAa U
CKOPOCTb pacnpocTpaHeHWs Npoao0 ibHbIX BOSH) A1
KapTUpPOBaHWSA TPELIWH, TO eCTb TO, Yero HEBO3MOXKHO
0OCTMYb, pacnonaras nvilb TPaguLMOHHbIMM
CEeNCMUYECKNMM JaHHBIMU.

[NoaToMy, B MpuHLMNE, cercMopassenka Morfa
Obl CNOCOBCTBOBATL B MOMCKAX «/TaKOMbIX
KYCKOB».....\vvvnen, ecnu Obl He OpakOoHCKMe
LieHbl, YCTaHOB/EHHbIE MCMOMBb3YHOLLMM Kabenb
cencMopasBegovHbIMM NOAPSAAHBIMN KOMAAHUSMMU.
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Taknum 0bpasom, BO BCAKOM Cllydae, N0 MOeMy
CKPOMHOMY MHEHNIO, ABa KJIIOYEBbIX BOMpoOca
3aKM0YaoTCA B ClEeAyOLWEM: MOXEM N Mbl
NCNOJIb30BaTb HECENCMMYECKNE METOAbI ANA
hoKyCcrMpoBaHMSA Ha CPaBHUTENBHO HEDObBLLIOWN
nnowanm MeCTOPOXXLAEHVS, a 3aTeM yxXKe
ncnonb3oBaTb 6eCNpPOBOAHbIE TEXHONOMM
cencmopasBefku ons nonydeHus (3C) 3D gaHHbIX
3a Takylo LeHy, KoTopas He 3acTaBufia Obl «CHMaTb
NOCNEOHIO pybaLlKky»?

Bonpoc uHTErpauumn

[aBanTe NpeanonoXnm, YTO Mbl 3aHATLI Pas3BeKon
CJTaHLEBbIX «JTaKOMbIX KYCKOB» B TOM pa|7|0He, roe
HaxoOsaTCA OfHM N3 CaMbIX JyHLUNX MaTEPUHCKUX MOPOL,
B MMPE, B YCNOBUSIX CTPOron npaBoBov 6asbl, rae 3agaya
3aK/MO4AETCA B TOM, YTOObI MOJTYYUTb MaKCUMYM MOMb3bI
OT KaxKOOV CKBaXKMHbI 11 BYPUTb Kak MOXXHO MeHbLLUE
CKBaXKVH.

BoT 4em Mbl MOXXeM pacnonaraTb:
»  CnyTHUKoBble (PCA) CHVYMKM, Ha KOTOPbIX BUOHO

www.rogtecmagazine.com



EXPLORATION M

OnpepeneHue rMob6anbHbiX BO3MOXXHOCTEN

Hawwun uccneposaHnA nokasbiBaloT, YTO npeaBapuTesibHO OLlleHeHHble 3anacbl B Heapax

(HH AT [{7H

1. http://online.wsj.com/
article/SB12100222957
6468609.htm|

KOHTUHEeHTanbHbIX 6acceMHOB MOryT npesBbiwaTtb 20 TPUIIMOHOB 6H3
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I MepcnekTuBHble GacceliHb
CnaHuesblX nnees

[l Paspa6arbisaemble 6acceiiHbl
cnaHueBon HedpTn U rasa

2. http://www.theoildrum.
com/node/3954

3. http://www.
findingpetroleum.com/
event/South_East_Asia_
exploration_where_
are_the_big_fields_
hiding/80255.aspx

4. http://www.
findingpetroleum.
com/event/Advances_
in_Exploration_
Technology/0O1a.aspx

Gorgma Fommandgs Enegy. LGGE. Advarces Resaurces infematond sed Eregy Irismmabon Admanadreten (18|
’) KIMMERIDGE

MaTepuHckre nopoabl MMPOBOIO Kracca: Kapta npegoctasneHa Kimmeridge Energy.

HECKOJIbKO aKTVBHbIX HERTEMNPOABNIEHUN, a TakxKe
BO3MOXXHbIE N3MEHEHWSI PACTUTENBHOCTW, CBSI3aHHbIE
C MPUCYTCTBMEM Yr1IEBOAOPOAOB.

» [aHHble FTG (1 HekoTopbIh 06bem 2D
CencMopPasBeaoyHbIX AaHHbIX), MOKa3blBAOLLME
hopmy baccernHa 1 CTPYKTYPY 3epeH.

»  HekoTopbih 06beM AaHHbIX MACCUBHBIX CENCMNYECKIX
NccneaoBaHnin, NokasblBarOLLMM HEGObLLOE
KOMMYECTBO 30H «@HOMAasIbHOMO 3aTyXaHusi».

»  [Mony-pervioHansHas 3D chemka, No3BoAtoLLas
paspaboTaTb XOPOLLYIO re0sIorMUYecKyo Moae b,

»  CelicM1YecKre NapamMeTpbl YKazaHHON CheMKM.

»  HekoTopbih 06beM MH(OPMaLK Mo NAOTHOCTU
TPELWIMH 1 UX MPENMYLLIECTBEHHOM OpUeHTaLuN.

» HekoTopoe KoMM4ecTBO NMPobd MUKPO-BbICa4MBaHVS.
BreuatnstoLe.

Ham Taxoke noHagobuTcst orpOMHOE KONYECTBO
YepTerkHon Bymaru 1 CTapbii 40OPbIM CBETOCTON!

Benb 51 roToB MOCNOPUTL, YTO HA CEeroaHALLHMN OeHb HeT
[Opyroro crnocoba NHTerpaumn 1 BUsyanmnaawum BCex aTnx

Pas3nNn4HbIX TUMOB OaHHbIX.

V1 51 >xkay, 4TOObl KTO-HNOYOb AoKa3an obpaTHoe!
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