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Rasuna bamhopA, Finding Petroleum

«PaciuaTbiBaloLiMe» TeXHONorum

Ha MeHst npon3sen BredaTneHve HegaBHO NMpPoYMTaHHbIA
KOMMEHTapuii o Tom, kak Ctne [pxobc, 6yay4m BO rnase
koMmaHum Apple nsobpetan HoBUHKM - iPod, iPhone, iPad

eLlle 0O TOro, Kak Mbl CaMu NOHANN, YTO B HUX HY>KOAEMCH.

MHe 3TO KaXKeTCs O4eHb XOPOLLUMM OnpeaeneHmnem
VHHOBaLWN 1 NnAepCTBa B 061acTh MHHOBaLW 1 S
3aQymMancs: a roe 9To MOXKHO HalTW B Halen oTpacam?

HauHy ¢ ynoMrHaH1s napbl UCCNeaoBaHuin, KOTopble,
BO3MOXHO, MPUAYTCA KCTaTu:

B nepByto ovepenb, HegaBHO MHE BCTPETUIACh CTaTbd
Ha RigZone!), B KOTOpOI FOBOPUIOCH O MOCTOSIHHO
BHELPSAOLLIX VHHOBALWMM KOMMaHKAX: MO pe3dybTaram
8 neT ncenenoBaHni CamblX MHHOBALMIOHHBIX KOMMaHNIA
MM1pPa, MPOBEOEHHbBIX TPEMSA MPodeccopamm LLKOSbI
ousHeca.

B ynomsiHyTOM 1ccriefoBaHni Obinv onpeaesnieHbl MsTb
HaBbIKOB «PacLLaTbIBAIOLLX MHHOBATOPOB», & UMEHHO:
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David Bamford, Finding Petroleum

‘Disruptive’ technologies

| was struck by reading a commentary on Steve Jobs as
CEO of Apple to the effect that he invented new things —
the iPod, the iPhone, the iPad — before any of us realised
we needed them. This seems to me to be a really good
definition of innovation, of leadership in innovation, and it
set me wondering where this exists in our industry?

Let me start off by referencing a couple of surveys that
may, or may not, help:

Firstly, | noticed an interesting article on RigZone some
time ago talking about companies that are consistently
innovative, the outcome of a study by three business
school professors who studied the world’s most innovative
companies for the previous 8 years.

Five skills of ‘disruptive innovators’ were identified by this

effort, namely:

» Questioning allows innovators to challenge the status
quo and consider new possibilties.
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» Bonpochkl NO3BOMSAT MHHOBATOPAM OCMOPUTL CTaTyC-
KBO 1 061yMaTb HOBblE BO3MOXHOCTU.

» HabniogeHus noMoratoT MHHOBAaTOpaM 3amedaTb
MeSKMe OeTann — B akTUBHOCTU KNIMEHTOB,
MOCTAaBLLMKOB M APYrX KOMMaHWiA, Bnarogaps KOTopbIM
POXOATCA HOBbIE PELLEHMSI MOCTaBNEHHbIX 3a4ay.

» HeTBOPKMHI NO3BOMAET MHHOBATOPAM Y3HATb CaMble
Pa3NYHbIE TOYKM 3PEHNSA OT MOAEN C pasHbIMA
3HAHWAMU 1 OMbITOM.

» OKCMepUMEHTPOBaHVE 3aCTaBNAET HHOBATOPOB
HeyCTaHHO CTaBWTb HOBbIE OMbIThl, Pa3bupaTtb BCe Ha
4acTV N UCMbITbIBATbL HOBbIE UOEN.

» ACCOLIMATVBHOE MbILLINIEHME - KaTanm3aTop KpeaTuBHbIX
naen: MOVCK CBA3EN Mexxdy Bonpocamm, 3agadamm
NN MOESMN C NPUBNEYEHEM HEPOACTBEHHbIX 0ONacTen
3HaHWIA, BbI3BaHHbIM BOMpPOCcamMu, HabmtoaeHNsIMI,
HETBOPKWHIOM U 3KCMEPUMETPUPOBAHNEM.

MHe nogymanock, 4TO STO O4EHb UHTEPECHO 1 B
HEKOTOPOM Pofe CXoXe ¢ naesimu Huana depriocoHa
0 TOM, MoYeMy 3anaf AOCTUN MPEUMYLLIECTBEHHOMO
nofioxxeHus B Mupe B XIX n XX Bekax, 1 ngesmm
[bkopmxka MarHyca o Tom, nodemMy Kutato (M gpyrimm
CTpaHaMm, OPUEHTUPOBaHHBIM Ha OBLLIECTBEHHbIE, & HE
NHOMBMAYaNbHbIE LEHHOCTW) BYAET CNOMXHO 060rHaTh
3anag B AONTOCPOYHOM MNaHe.

OTO BCe 3ameyaTesibHO!

OpHako panee, Mo MOEMY CKPOMHOMY MHEHUIO, BCS
cTaTbs Obina NCMOPYEHA CChINKOW Ha NccneqoBaHmne
HOLT, po4epHen komnanun Credit Suisse, onpenenvsLLee
100 BeayLX MHHOBALMOHHbBIX KOMMAHUM Ha OCHOBE
3asBIEHHON KOMMaHNSAMY NHADOPMaUM O TOM, CKOJbKO
[00X00a HOBble MPEANOXKEHNSA MOMYT MPUHECTU B ByayLLEM.
B aTOM penTiHre Ha CTO No3uumin, 13 HepTerasoBoro
CceKTopa BepXHMEe Mo3nLMN Bbln 3aHANM KOMMaHWN
FMC-Technologies, Schlumberger, China Qilfield Services,
Cameron International, Tenaris SA 1 Halliburton.

41 >xe BOT Aymato, eCrn NMornpoCcUTb PyKOBOOUTENEN B
HedhTerasoBow OTpac/IM onpeaenTb NSATb MHHOBALMOHHbBIX
KOMMaHWU — «pacLUaTbIBAOLLINX MHHOBATOPOB», OyaeT

JIM Ha3BaHa XOTb OHAa KOMMaHWs 13 YNOMSIHYTbIX BbILLIE
Lectun?

HekoTopbI CBET Ha MOOHATYIO TEMY, B HEKOTOPOM
CTeneHn 06X0AHbIM MyTeM, MPONMBAET BTOPOE
ncenenoBaHre, O KOTOPOM A XOTeN YNOMSAHYTb. Karkapli
rog Barclays Capital mybnvkyeT gaHHble aHKETUPOBaHWS B
HedbTerasoBom OTPaCW, BKIOHAIOLLME 0030 TEXHOMOMI
Ha OCHOBE 3asiBNEHUIN PeCNOHAEHTOB. /13 roga B rog,
Hanbonee BaXKHbIMN TEXHONOMVAMI PECTIOHOEHTI
CTabUNbHO Ha3bIBAKOT MOPUSOHTASTbHBIE CKBaXXMHBI, 3D
cericMopasBeaKy 1 TEXHOOMMN 3aKaHYMBaHNSA CKBaXKMH:
3TU TEXHOOMM 3aHNMAIOT BEPXHWNE TPY MO3MLMM

www.rogtecmagazine.com

» Observing helps innovators detect small details - in the
activities of customers, suppliers and other companies -
that suggest new ways of doing things.

» Networking permits innovators to gain radically different
perspectives from individuals with diverse backgrounds.

» Experimenting prompts innovators to relentlessly try out

new experiences, take things apart and test new ideas.

Associated thinking - drawing connections among

questions, problems or ideas from unrelated fields - is

triggered by questioning, observing, networking and
experimenting and is the catalyst for creative ideas.

>,

M

Really interesting | thought and similar in a way to some
of the ideas of Niall Ferguson on why ‘the West’ rose

to pre-eminence in the 19th and 20th Centuries and
George Magnus’s on why China (and other community
rather than individually oriented countries) will struggle to
outpace the West in the long run.

Great stuff!

But then, IMHO, the whole article was undone by
referring to a study by HOLT, a subsidiary of Credit
Suisse, to identify the leading 100 innovative companies,
based on how much revenue companies claimed new
offerings would yield out into the future. In this top

100, from the oil & gas sector, they put forward FMC-
Technologies, Schlumberger, China Qilfield Services,
Cameron International, Tenaris SA and Halliburton.

Now | wonder if you asked managers in the oil & gas sector
to name their top 5 innovative companies — the ‘disruptive
innovators’ - whether any of these 6 would figure?

Well, via a slightly circuitous route, and the second
survey | want to remind you of, we have access to some
insights on this. Every year Barclays Capital publishes

a survey of the world oil & gas industry and include a
review of technologies, based on what their respondents
said. The most important technologies by year are
pretty consistent with horizontal wells, 3D seismic and
completions technology being rated the top three. The
current perception that horizontal wells and hydraulic
‘fracking’ are now the two most important technologies
is clearly based on the success of shale gas E&P in the
USA; they have become ‘routine’.

As a third piece of data, | offer the insight from Shell and
McKinsey amongst others that the oil & gas industry is one
of the most conservative industries around.

Two of the top 3 aforementioned ‘most important
technologies’ — horizontal drilling and 3D/4D seismic - are
great examples of the decades it takes for new ideas to
achieve market dominance in our industry, having been first
used in the 1940’s and 1960’s respectively!
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pPeNTUHra. bBbITytoLLee MHEHNE, YTO FOPU3OHTabHbIE
CKBaXXWHbI 1 [Pl — aBe Hanbonee BaxkHble TEXHOMOMK,
6e3yCnoBHO, 00A3aHO yCrexy B pa3Beake 1 OobbiHe
chaHuesoro raza B CLLIA: 3T\ TexHOoMormm BoLMN B

PYTVHY.

/1, B Ka4eCTBe TpeTbero nosoa K pasmblLLEHNIO,
npuBeny MHEHME HEKOTOPbIX KOMMaHWM, Cpeam KOTOPbIX
Shell n McKinsey, koTopble cHUTaloT HehTEra3oByto
OTpacsib OOHOWN N3 CaMbIX KOHCEPBATUBHbIX.

[Be 13 ynoMsaHyTbIX BbiLLe TPeEX «Hanbosiee BaKHbIX
TEXHOSIOMWIN» - FTOPU3OHTaNbHOe Byperne n 3D/4D
cericMopaaBeKka BT COOOM XOPOLUNIA MPUMED,
Kak HOBbIM MAESM B HaLLen oTpacnn TpebytoTcs
OECATUNETUSA, YTOObI AOCTUYb OMUHNPYIOLLErO
MONOXKEHNSA Ha PbIHKE: Bedb 3TV TEXHOMNOMMN BNEPBbIe
Obln Ncnob3oBaHbl B 40-x 1 60-x rogax npoLUnoro
BEKa, COOTBETCTBEHHO!

W H14TO 13 nepe4vncneHHoro He nepexknmkaeTcd C
npegcrassieHeM O «pacllaTbiBalOLLNX NHHOBaTOpax»,
KOTOpOE Nno-MoemMy, B CaMOM MNMOAOTEKCTE CBOEM HeCeT
FOTOBHOCTbL MNMpUHMMaTb PUCKN.

[MoaToMy S peLlnn OCTaHOBUTL CBOM NPUCTasbHbIN
B3rNsA4 Ha TakMX «pacLUaTbIBaOLLMX» TEXHONOMMSAX,
KOTOPbIE UMEIOT NOTEHLMAaN TPaHCHOPMNPOBAaTL HaLlly
oTpacsb...

W3mepeHue rpagueHTa NnonHoro TeH3opa

OpHUM 13 Hanmbonee BaKHbIX MPOPLIBOB 3a MOCNeaHme
rofdbl CTa0 MosIBIEHNE aspPOrpPaBUMETPUN METOAOM
N3MepeHNs rpaaneHTa nonHoro TeHsopa (FTG). Mpolue
roBOPS, ABa KparHe YyBCTBUTESbHbBIX MPaBUMETPUHECKIX
npnbopa, oavH Hag, APYrM, 3anncbiBatOT BCe 9
KOMMOHEHTOB TEH30pa rPaBUTaLMOHHOIO Nonsa 3eMsn.
[0 CpaBHEHNIO C TPAOULIMOHHOW rpaBMMETPUEN, MapHbIE
rpaBUMETPUHECKIME MPNBOPBLI MO3BONSKOT N306aBUTHLCS

OT NOMEX, BO3HUKAIOLLMX B MPOLLECCe CrycKa, 1 Takom
«MOJIHbIA TEH30PHbBIV» MOOXOL NO3BONIAET C AOCTATOHHOM
TOYHOCTBIO OMNPEaENUTb MONOXKEHME CTOYHNKE aHOMaN
B TPEXMEPHOM MPOCTPAHCTBE MOL, 3eMIIEN.

Taknm 06pa3oM, reHePUPYHOTCA AOCTATOYHO TOYHbIE OIS
cTagun PEKOrHOCUMPOBKM 3D CHUMKW Hedp, a Hanmbonee
3(hheKTUBHBIM MHCTPYMEHTOM FTG cTaHOBUTCA B
KOMOUHALIM C OPYTUMN reonN3NHECKMM TEXHOMOMMUSIMIA,
HanpuMep, NP HaINYMM YMEPEHHbIX 06EMOB AaHHbIX

2D cencmopasBeakn Uni, BOSMOXKHO, MarHUTopasBeaKm
(ocobeHHo Korga rnybuHa oo dyHaameHTa, T.e. riyduHa oo
OCHOBaHUS 0CaO04HbIX OTNIOXEHNA, SBASETCS KMOYEBbLIM
nokazarenem). O4eBMOHO, YTO 3Ta TEXHOOMMSI MOXKET
NCMONb30BaTLCA rAe YrOAHO B Ka4eCTBE AELLIEBOrO MeTOaAA
Ha paHHKX CTaamsX pas3Beaku, HO OCOBEHHO MOME3HbIM
OHa OKavKEeTCA ANs yaaneHHbIX U HebnaronpuUsaTHbIX
MECTOPOXXOEHWIN Ha CyLLIE — HAMPUMEP, B IPKYHIISAX
aboHa 1 KoHro.®
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None of the above seems consistent with the notion of
‘disruptive innovators’ which to me carries an underlying
message of being willing to take risks.

So | thought | would reprise my views on those ‘disruptive’
technologies that have the potential to transform our
industry...

Full Tensor Gravity Gradiometry

One of the more important breakthroughs of the last
few years has been the emergance of airborne gravity
via Full Tensor Gravity Gradiometry (FTG). Put simply,
two extremely sensitive gravimeters, one above the
other, record all 9 tensor components of the earth’s
gravitational field. In comparison with conventional
gravimetry, the twin gravimeters allow much of the ‘in-
flight’ noise to be removed and this ‘full tensor’ approach
allows the source of anomalies to be located relatively
precisely in the 3D sub-surface.

Thus reasonably precise, reconnaissance phase, 3D
images of the sub-surface can be generated and FTG
becomes an especially powerful tool when integrated
with other geophysical technologies, for example with
modest amounts of 2D seismic or perhaps magnetics
(especially when ‘depth to basement’ — the depth to
the base of the sedimentary pile — is a key deliverable).
Obviously this can be used anywhere as a relatively
inexpensive early stage exploration tool but it should
prove particularly useful in remote or hostile onshore
areas; the jungles of Gabon and the Congo would be an
example.@

Onshore Seismic

Seismic technology remains the main, some would
say the only, means of interrogating the sub-surface in
sufficient detail to allow insightful geological prediction
and the precise location of wells.

So | am going to state quite baldly that onshore
exploration technology is miles behind offshore.

Why is this??

The availability of regional or ‘exploration’ 3D has been
the main driver of exploration success offshore and
especially in Deep Water. Huge swathes of multi-client
3D, covering for example whole 5000 sq kms blocks
offshore Angola, are available at prices as low as $3000/
sg km, are turned around exceedingly rapidly, and are
interpreted at great speed.

The technology drivers have been: highly efficient and
effective acquisition systems based on vessels capable
of towing many, many streamers and multiple guns;
simultaneous processing — to some extent on-board —
but nowadays mainly via satellite transmission; powerful
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Hasemnaa ceiicmopa3seKa

MeToarka CeENCMNYECKON Pa3BEOdKM OCTAETCSA OCHOBHbIM,
HEKOTOPbIE CKaXKYT — eANHCTBEHHbLIM — CMIOCOO0M
N3y4eHNst HE[ID CO CTEeNeHbO AeTann3aLyn, No3BONSIOLLIEN
JenaTb 0CBeOOMIIEHHbIE reonormieckme rnPorHo3bl 1
TOYHO ONpPedensTb PasMeLLIEHNE CKBAXKVH.

[NoaToMy 4 3asBtO cpasy OTKPLITO, YTO Ha3eMHas
celcMopasBeKa KpariHe OTCTaeT OT MOPCKOW.

[MNodemy TaK??

[OoCTYNHOCTb PErvoHasTbHbIX UK «PasBe0HHbIX>
3D-faHHbIX cTana onpefenstoLLyM akTopoM ycrnexa
CencMopasBefK/ B MOPe, OCOBEHHO B rTyOOKOBOAHbBIX
30Hax. OrpoMHbIe PyNOHbI MHOMOKMEHTCKINX 3D
cencMopasBefoYHbIX AaHHbIX, 415 LieNbIX O0OKOB
nnowwaapto 5000 KB. KM. y Nobepexkbs AHMOSbI (3TO
LW NpUMeEp), AOCTYMHbI B MPOAAXKE MO LiEHe OT

3 ThiCAY OONNAPOB 3a KBaAPATHbIA KAMIOMETP; OHM
06pabaTbiBAOTCS 1 UHTEPMPETURYIOTCS UCKITKOYUTENBHO
ObICTPO.

Pa3BUTUIO TEXHONOIM CMOCOBCTBOBAIV CEAYIOLLIME
(haKTOopb!: BbICOKOIMMMEKTMBHBIE CUCTEMBI MOJTYHEHNS
OaHHbIX 6narogaps cyaHam, BYKCUPYHOLLIMM MHOXXECTBO
KOC 1 060PYA0BaHHBIM HECKONBKUMM MCTOYHNKaMU;

interpretation workstations, capable of dealing with these
vast surveys and delivering both time and attribute-
based interpretations.

As an ‘old codger’ | would simply point out that this is

an incredible transformation from the days of ‘postage
stamp’ surveys in the North Sea that took two years to
go from design to delivery of a “final’ product...and then
interpretation on paper invariably meant that only 1 line in
10 or maybe 5 was fully interpreted!

What is more, very complex geological problems, for
example at great depth or beneath salt or basalt, can
now be tackled, for example by multi-azimuth, wide-
azimuth, wide-angle recording.

Thus, 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.

Here’s an example | heard about a while ago, namely

i RPI
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OOHOBPEMEHHAA 06paboTka AaHHbIX, 4O HEKOTOPOW
CTerneHy HenoCPeacTBEeHHO Ha BOPTY cyaHa, HO CeroaHs,
B OCHOBHOM, [aHHble NepefaloTCs Yepes CryTHNKOBYIO
CBS13b; MOLLHbIE pabo4me CTaHUMK NS MHTepnpeTaumm
CTOIb KPYMHbIX 06bEMOB AaHHbIX 1 06ecrneqrBatoLLme X
NHTEPMPETALMIO KaK MO BPEMEHM, TaK 1 MO aTpudyTam.

Kak HEPTAHVK «CTapon 3aKaiki», A ML OTMEYY,
YTO TaKoe MOJIOXKEHME BELLEN NPeaCTaBnseT

COBOW HEBEPOSATHOE M3MEHEHME MO CPABHEHMIO C
TEMU BPEMEHaMM, KOrAa Ha KOHBEPTbI C AaHHbIMM
cericMoceMkn B CesepHoM Mope Kennv NoYToBble
MapKu, a Mexxay NMpPOEKTOM PaboT U «KOHEYHBIM»
MNPOAYKTOM MPOXOAWSO NMapy NeT... Aa 1 nocne,
NHTEPNPEeTaLms Ha bymare HeM3MeHHO O3Havana, YTo
MOJTHOCTBIO MHTEPMNPETMPOBaHa Bblnia OfHa CTpoKa 13
0ecaTn (BO3MOXKHO, MATH)!

Bonee TOro, TENEPb MOXXHO peLlaTh CRoXKHeNLne
reonornyeckrie NPOBEMBI, TaKME Kak CbeMKa Ha
BonbLLoM rybrHe NMBO NOA, CONSHbIMK 1 6a3aNTbTOBLIMMA
OTJIOXKEHNAMU — HaNMpUmMep, NCroJib3yA MeTodbl
MYSIbTVa3MMYTasTbHOW, LIMPOKOa3MMYTasTbHOM 1
LLMPOKOYOSIbHON CHEMKMN.

Taknm 06pazomM, coBpemMerHble 3D MeTOdb! 3aHMar0T
LIEHTPATBbHYHO MO3MLMIO B MOPCKOWM CENCMOPAa3BEaKE,
BKITKOYas B cebs1 aHanM3 cTpaTturpadnm, CeavMeEHTONOMMI,
MPOrHO3MPOBaHWe haumin, pr3nKy nopom, NPOrHO3NPOBaHWE
YrNEBOAOPOOHOM (hasbl B PEMVIOHATTBHOM U Pa3BEed0HHOM
MacLuTabax, a 3aTeM 0becrneqmnBast «XMpPypPrimHeckiA TOHHbIA»
VNHCTRYMEHT AJ151 BbIOOPa PACMONOMEHNST CKBEDKMH.

DaKTOM OCTaeTCA TO, YTO Takasi UHTerpauyvs ropasno
pexe BCTpeYaeTcs Ha cyLue, 1 3D cencmopasseaka
NrpaeT 3HAYUTENBHO MEHBLLIYHO POb.

B npumep npueeay HeOaBHO yCbILLAHHYHO NCTOPUIO

0 paseedke Ha dropnaHge JinaHoc B Konymbum,

rhe «BCe Tenepb NPOoBOOAT cencmopassenky 3D
METOOOM>, UMest KOSMMDULIMEHT PESYNLTATUBHOCTU

00 75%, 4TO 019 Ha3eMHOW Pas3BeaKy LOBOSIbHO-TaKM
3amedaTenibHO. MeCTHOCTb 30€ECh - YMEPEHHO XOIMUCTbIE
«CKOTOBOJYECKME YrOAanst», MOITOMY A5 NONyHEHNS

3D OaHHbIX YCIOBUSA OOBOSBHO HECTIOXHbIE. .. OOHAKO
CTOMMOCTb 3a KBaOpaTHbIM KUIOMETP pas3 B AECATb
MPEBLILLAET LieHY 32 MYJIETUKIIMEHTCKME MOPCKME
CencMopasBefoYHbIE AaHHbIE, T.€. peyb MAET Nopsiaka o
25-30 TbICA4ax OOapOB 3a KB. KM.

Hy a ecrim 3aburpaThbCs B cam CkiaasaTblin mosic JinaHoc,
CTOMMOCTb cocTaBuT nopsiaka 100 Thicsad 3a KB. KM. AaHHbIX.

Movemy Tak? OTKyda Takas pasHuLa? Kak Mbl MOXXeEM
CTOJIbKO MnaTuTb!

C MOEN TOYKM 3PEHNS], Ha3eMHasa ceNcMopa3sBeaka
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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...so we are talking $25-
30,000 per sq km.

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
much!

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(3), one 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.

What this means is that, in turn, outside North America,
onshore exploration itself remains untransformed, with
the exception of the odd example such as that | have
quoted from Colombia, Tullow Qil’s activities in East
Africa, one or two others.

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

Permanent Reservoir Monitoring

Observations of both deep (oil & gas) and shallow
(ground water) reservoirs lead to the conclusion

that time-lapse geophysics - any observations of

any producing reservoirs over time - must be based
on the understanding of the physics of fluid-filled,
parallel, compliant, fractures/micro-cracks — dilating or
compacting as the reservoir is produced. This physics,
this New Geophysics, has been documented over many
years by Crampin, based especially on understanding
and observing the effects of closely-spaced stress-
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NPOCTO HE BUAENA eLle TOro NpopbiBa B TEXHOMOMN
NONyYeHUst AaHHbIX, KOTOPbIM M3MEHNN MOPCKYHo 3D
cencmopasBenky yxke net 15 Hasaa. Kak 4acto 3amevan
Mo cTapbii apyr NaH [xak, a ¢ Hum n 5ob Xut 13
KOMMaHuM iSeis Ha meponpuaTuax Finding Petroleum(3),
NPUYMHA 3aKKHAETCA B MEANEHHOCTU 1 60bLLMX
Tpygosarparax Npy UCnofib3oBaHun kabenem, Tak 4To
nepBbI HEOOXOANMbBI HAM TEXHOSIOMMHYECKUI MPOPbIB —
3TO NOSABNEHWE NIETKNX 1 [ONFOBEYHbIX 6ECMPOBOAHbBIX
CUCTEM.

3TO 03Ha4YaET, YTO B CBOKO 04epefp, 3a Npeaenamm
CeBepHol AMEPUKIM, Ha3eMHas! pasBedKa OCTaeTCsA
HEN3MEHEHHOW, 32 PEAKMM UCKITKOHEHNEM YNOMSAHYTOMN
MecTHocTI B Konymbun, paboTt komnaHum Tullow Ol

B BocTo4Hon Adprike 1 eLlie OOHOrO-ABYX OTAENbHbIX
CIy4a€eB.

4 mpekpacHO NoHVMato: 6eCNONE3HO OXKKAATb, YTOObI
LieHbl Ha HadeMHyto 3D cercMopasBeaky Bapyr ynanm

00 YPOBHS MyNbTUKIIMEHTCKMX MOPCKMX Pa3BedOYHbIX
OaHHbIX, BO MHOIOM 13-3a TOro, YTO CerncMopas3BeaoqHbIM
Bpuvragam NPUOETCA CTONKHYTHCS CO CIOXKHOCTAMM
pabOoTbl B Pa3NYHbIX YCAOBUSAX MECTHOCTW U Tororpadum,
a Ons sKcryataumm Ha3eMHOro CENCMOPasBELOYHOrO
0B0pYyO0BaHMS HEM3DEXKHO MOTPEBYETCA MHOIMO
YENMOBEYECKMX PECYPCOB.

[MosToMy fyyLle, YeM MPOCTO MOChIN «AeLIeBNe,
noxxanyncral» 6yaeT ckasaTb, YTO CTOMMOCTb HA3EMHOM
3D ceicMopasBeaku OoSKHa OnyCcTUTBCA A0 Takoro
YPOBHS1, YTOObI MacLLTabbl ee MOOXOANIV O/ Lienen
PEMMOHaNBbHBIX 1 PasBedOYHbIX PaboT N akKypaTHO
yKagbIBaMCh Obl B KOHLIEMLMIO «MOCTEMEHHOMO
HhOKYCUPOBaHMSA HA HA3EMHOW pa3BeaKe».

[OCTOSAHHbBI MOHUTOPUHI KOJIIEKTOPA

Habntonerns kak rnybokux (HehTerasosbix)
KOJNEKTOPOB, Tak 1 HErMyBOoKNX (IPYHTOBbIE BOAbI)
pPE3EPBYaPOB MPVBOAAT K BbIBOAY, YTO Ntobble
nepuoamnyeckme HabaroaeHNsa NPOOYKTUBHBIX
KOJNEKTOPOB AO/MKHbI ObITb OCHOBaHbI Ha MOHUMaHUM
PU3NKM HANOIHEHHbIX hroMaaMK, napanienbHbiX,
COMNacHbIX TRELLMH 1 MUKPOTPELLIMH, OTKPbIBaOLLIMXCS
NV 3aKPbIBAIOLLMXCA B MpoLuecce pa3paboTku
KonnekTopa. 39T1a dunaurka, ata Hosas eohuramnka, yrke
MHOrO 16T AOKYMEHTUPYETCA KpaMnMHOM 1 OCHOBaHa,

B OCOBEHHOCTU, Ha MOHUMAaHUN 1 HaBNOOEHMSAX
NPU3HAKOB B/IM3KO PACMONOMEHHBIX, OPUEHTUPOBAHHBIX
BLOJIb HAMPSYKEHNST HAMOIHEHHbBIX (hirongamm
MUKPOTRELLIMH HA OCHOBE METOAA ABOSIKOrO MPENIOMITEHNS
nonepeYHbIX BoSH (SWS) B Kope 1 BEPXHEN MaHTUN.

B 10 Bpemsi, Kak MpoJosibHbIE BOSHbI 1 B TEOPUN, 1

Mo AaHHbIM HABNAEHNA, MPOABASAIOT MLLb Cnadyro
HyBCTBUTENBHOCTb K TaKM CUCTEMaM TPELLUMH, METOL,
SWS nonHOCTBIO OnpeaenseTcsa napanniensHeIMU
MUKPOTRELLIMHAMN 11 MOXXET ObITb MSMEPEH C TOYHOCTLIO
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aligned fluid-saturated microcracks on seismic shear-
wave splitting (SWS) in the crust and upper mantle.
Whereas P waves are in both theory and observation
only weakly sensitive to such crack systems, SWS is
wholly determined by parallel microcracks and can be
measured with first-order accuracy. Thus SWSis a
second-order quantity (small changes in shear-wave
velocities) that can be read with first-order accuracy -
bringing tremendous resolution.

To Summarise:

P-wave reflectivity - the basis of all our conventional
reflection seismic technology, whether 2D, 3D or 4D - is not
sensitive to rock anisotropy.

P-wave velocity anisotropy and, most significantly, shear-
wave splitting are, proffering a methodology for the new
geophysical characterisation of real rocks.

The case for Permanent Reservoir Monitoring

The notion that reservoirs, having experienced a maximum
horizontal stress over geological time scales, will contain
aligned micro-cracks and at a critical density — thus
responding rapidly to quite small pressure changes induced
by injection and production - has significant implications

for geophysical, especially seismic, monitoring of reservoir
dynamics.

First of all, we can say that conventional 4D seismics
— towed streamer surveys for example — only discern
changes in P-wave reflectivity and thus offer at

best an incomplete view of reservoir dynamics, one
that is unquantifiable, allowing only empirical or
‘phenomenological’ comparisons.

Secondly, a complete, predictive, quantifiable, view of
reservoir dynamics requires 3C seismic acquisition, with
probable reservoir volatility strengthening the case for
frequent measurement i.e. permanent installations.

Finally, changes in stress can be monitored by changes
in SWS so that stress-accumulation before fractures

in reservoirs (and earthquakes and volcanic eruptions)
can stress-forecast the time, magnitude, and estimate
location of impending fractures (and earthquakes and
eruptions). This is of course relevant to the practice of
‘fracking’ and associated seismic activity.

Conclusion
In reality, the technologies | have described are all things we
know how to do.

Given this, we must ask why the major oil field service
companies do not provide these technologies. It cannot
be that they are unaware of them but they do seem to
prefer to offer what | have termed ‘incrementalism’ of
their staple products. Perhaps they are happy to leave

ROGTEC | 75



B PA3BEOKA

| knacca. Takum obpasom, SWS — BenmymHa BTOPOro
nopsigka (HebonblLUME N3MEHEHWST B CKOPOCTW MOMNepeyHbIX
BOJTH), KOTOPas MOXET UBMEPATLCS C TOYHOCTLIO | Knacea,
4TO OBecneHvMBaeT 3aMeHaTeNlbHOe PeLLEHVEe 3afaun.

Wrax:

OTpaxxeHne NpoaosbHbIX BOSIH — OCHOBA BCEX HALLINX
TPaONLMOHHBIX TEXHONOTMIA OTPAXKEHNUSA CEMCMUNHECKKX
BOJH, HE3ABWCMMO OT TOr0, HEYyBCTBUTENMbHbI i 2D, 3D
nnn 4D K aHU30TPOMNM NOPOA.

AH30TPOMNMSA CKOPOCTEN MPOAOSBHBIX BOSH U, Hanbonee
3HaYMMbIV METOL, ABOSIKOrO MPEeNoMNEHNS MONepeqHbIX
BOJIH — XOPOLLIME MPEANOCHINKA A1 CO3AaHUS
METOAONIOMM HOBOW re0hU3NHECKON XapaKTepuaaLmm
peasbHbIX MOpoL.

ApPryMeHTbI 38 MOCTOSIHHBIA MOHUTOPWHI KOMJieKTopa
MbIC/b O TOM, YTO KONIEKTOPbI, MOABEPrHyThIe
MaKCVMasTbHOMY FOPU30HTaNbHOMY AABNEHNIO B
reosiorM4eckoM MacluTabe BpeMEH MOMYT COLeKaTb
NPaBUbHO OPUEHTUPOBAHHbBIE MAKPOTPELLMHBI B
KPUTUHECKNX KOHLIBHTPALMSIX, TakM 06pa3om pearnpys
Ha JOBOJbHO HebOsbLLIME Nepenab! JaBeHs,
BbI3BaHHbIe HAarHETaHeM 1 J0ObIHEN, UMEET 3HaYMMbIE
NocneacTeus Asist reonsn4eckoro, 0CobeHHo
CEICMUYECKOr0 MOHUTOPWHIE OVHAMUKL KONNIEKTOPOB:

Mpexnae BCero, MoXXHO ckasaTb, YTO TpaauLmoHHas
4D cencmopassenka, Hanpumep, NPoPUInMpoBaHmne
C NOMOLLbIO BYKCUPYEMbIX KOC, pasnmyaeT ninLlb
N3MEHEHNA B OTPa>KeHNn I'IpO,EI,OJ'IbHOI7I BOJIHbl, TAKM
obpasom npennaras, B ydllemM ciy4vae, HernosHyto
KapPTUHY OMHAMUKU KONNEKTOPa, KONMNYeCTBEHHO
Hen3mMeprmMble daHHble, No3BONAOLWMEe AenaTb b

SMMnpun4eckmne nin <<CbeHOMeHOJ'IOFI/|“IeCKI/Ie>> CpaBHEHNA.

Bo-BTOpPbLIX, 418 NOAHON, NpeacKasaTenbHON,
KONMMYECTBEHHO M3MEPUMON KapTUHbI AMHAMUKN
KONnexkTopa, HeobxoammMo nony4eHne 3C CENMCMUHECKIMX
OaHHbIX, MNPU4eM, y4nTbiBaA BEPOATHYIO N3MEHYNBOCTb
KONSIEKTOPA, ELLIE OCTPEE CTOUT BOMPOC O MPOBEAEHN
4aCTO MOBTOPSIEMbIX V3MEPEHWN, T.€. OpraHn3aLmm
CTaLVOHAPHBLIX MOHUTOPUHIOBBIX YCTAHOBOK.

B KOHEYHOM rTOre, USMEHEHUST HANPSKEHUS

MOIYT PErMCTPUPOBAaTLCHA HA OCHOBE M3MEHEHWI B
OaHHbIX OBOSIKOrO MPENOMAEHUS MOMEPEYHbIX BOJH,
4YTOObI HAKOMIEHNE HaMNPSXKEHNSA [0 NOSABNEHNS
TPELLMH B KOJIIEKTOPE (a TakKe 3EMNETPACEHNI U
N3BEPXKEHN BYNIKAHOB) MOIN MCMOb30BAaTLCS A5
NPOrHO3MPOBaHUS BPEMEHW, aMMIUTYAbl U MPVMEPHOIO
NONOXKEHNSA MPEACTOALErO BO3HUKHOBEHNS TPELLMH
(a TakKke 3emMneTPsACEeHUN 1 N3BEP>KEHNIA BYIKAHOB).
PasymeeTtcs, 370 OTHOCUTCS K NpakTuke Pl un
CBSI3@HHbIX C HAM OPYrX CEeNCMOpPasBeoYHbIX
MEepPONPUATUN.
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the innovative regime to smaller players who they
hope to control and/or oppose? And perhaps, if these
smaller players succeed in ‘disrupting’ the existing
market place, then as a last resort — or even as a clear
strategy — they can be taken over?
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3aKnoyenue
B peanbHOCTN, BCE OriCaHHbIe MHOW TEXHOMOMMN — 3TO TO,
YTO Mbl YK€ YMEEM [enartb.

Y4yuTbiBasd 370, Mbl OO/MKHbI 384aTbCs BOMPOCOM —
novemy KpynHenwme HedTecepBUCHbIE KOMMaHUU

He npegnaratoT Takne TeXHOSIornn. BbiTb He MOXKET,
YTO 3TU METOAb! M HEVM3BECTHbI, HO MOXOXE, YTO
KOMMaH npegnoYnTaroT npennaratb TO, YTO 4
Ha3Ban Bbl «MOLLArOBLIM MPUPALLEHNEM» CBOUX
OCHOBHbIX MPOAYKTOB. BO3MOXXHO, 3TW KOMMaHUn
npegnovnTaroT OCTaBUTb NMHHOBaAUWMK MEJTKUM UTPOKaM,
KOTOPbIX HAAEKOTCH KOHTPOMMPOBATbL W/ OKa3blBaTb
1M conpoTmBneHne? I BO3MOXXHO, eCnv 9Tu
HebobLUME KOMMaHUN npeycneroT B «pacLlaTtbiBaHN»
CYLLIECTBYIOLLIEV PBIHOYHOW CUTYyauUmK, NOCHE Yero,

Kak nocnegHee CPeAcTBO — UV LaXKe BbIBEPEHHAHA
cTparterus — 3T KOMMaHuu MoryT 6biTb BbIKYMNAEHbI?
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TMABHOE COBbITUE PbIHKA HEOTECEPBUCHBIX YCIYT - 2013

XI'Mex ayHapoaHblii Dopym

«CEPBUCUIOBOPYLOBAHME
ANIA HEOTETA30BOU OTPAC/TA.POCCUN - 2013»

18 okTA6pa, Mockea, «Apapar:Mapk Xasatm»

OCHOBHBIE TEMbI ®OPYMA

= Teryeimm o RIS PAIBWTVA PhilKa BeqrIEnpoMBICA0RON (EPERCE W 0D0pYCaaHV

* [ocynapCTOEHan CTRITETVA PAIBHTIS HEFTEEPOHCHOIT PhiHKA B TERYLLER SKOHDMIKECKON CHTyALIN

* [Tomesigein pedTecepeichoR oTPIC & HOBL | TRALHUADHILD PErHOHAY

* B3AHMONERCTEINE MERY AKATHIRIN, M0 ADAFUMKAME W 0T TASUHKAME: DRTYINBHEIE BONPOCH I TEHLENL AN

*  (hjerFa CIPOCE HEQTETA30BAE! KDMIEHAR 1A CRHRHHBIE YORFTH W TPEAROKERIE HETRCEHEIRLE RONNTHN B OTRENTAR 0TS0
* CTpavErvs PazBATHIN KOMIEHHI-NOCTSNUMKDE REGTERPOMBICNOBOTD CEPEIA W OBOpYIRE3HAN

* DaKtopil OBLIEHNR Ig$ExTHIHOCTY GUIHACD B COBPEMEHILE HORIMESCRIE PEN0RIAY

VI ERETOAHAR LUEPEMOHWA BPYYEHWA NPEMWKW OFS AWARDS - 2013

18 oxrabps. Mockea, «Apapar Mlapk XaaTTs

Tpesn OF5 AWARDS npssara pusibnmh NyuIIe JOCTHREHAR B2 POMEE AEgTECENRNGE W HATDAILATE KOMIBHIER, YbH UIREC-KORUGTIIAN, HASERMOCTE, JARIARAEMDe
KAUECTHO W OGLLECTRENHAR JHAMMOCTE BYYT NOATEEMSIRHM W OLEHEHE IRNEPTAMS Phiisa:

 TIRIEATESE O S HOAAERINU) TSN B SRR UM KOE TR PRICHbI YONYT. OOLBCTRIHIENN H (OCY3APCTERHH B OETaHNEHIAR K PbiHKY e TREREN Y,

* CTAMYAHPORINIE 816 APEHIT HANGODEE MePEN0BEN TEHONOTHA Ha HedTecepancon phime: KPC, ITHI, Gypesiee, reononpasseia;

* HHQopMBUMORI OTMES 1§ yRPENNEISe COTEYRINECTED MENLY FUSCTHINGIMN HEQTECEPERCHOND Phitika;

* IHAKDMCTRO YUSCTISIKOR MTPEnuIN © NPOHECCHORANEHEIM MHEHUEM KBNS 3 ANIMINOE, 000IpeaaTeneil ¢ UBMEID DOELLSSHAR K3URCTES palior/ onaisimac e yonyT:

* noqynApMIALA naypeaTon i nosusaaTon Npess 8 (MK,

* chhop W NpasICTIBRSHME NOTPEGNTERAM HHDIMALINA O FYHLECE T POSKTDL AICTIEHRAY B CINICTH HedTacepanca;

ORI YIOBHE B THALH O TIRIRNERATEN b COCTH HEdTRCE PRI bIX KOMTITH AR,

MENWHANAPTHEPHI

[eepanthii MeguanaprHep mp_‘-ﬁm Miisa napThepel
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