lindhpoBbie TEXHONOrnn Ha
HetiTerasoBbiXx MecTopo)XaAeHuax

Hasup Bamdpopa

Ha noaxone HoBaA TEXHOMOIMA, KOTOPYIO O4HU
Ha3bIBalOT HE MHaye, Kak “MecTopoXxaeHne byayuero’,
apyrue — “undpoBoe MECTOPOXAEHNE', TPETbU

— “MecTOopoOXAeHNe ANEKTPOHHbLIX TEXHOMOMA”
OaHMM 13 acneKToB HOBOW KOHUeNnuu1 pa3paboTku
MEeCTOPOXAEHWN ABNAETCA TO, YTO YXXe B HEAANEKOM
6yaylem mMbl CMOXEM yNpaBnATb IKCNyaTaumen
TakKnx MeCTOPOXAEHWIN, Kak 3anagHoCNbMpCKuii
CamoTnop unun mectopoxxaeHma komnaHun PocnaH
13 TIoMeHn unu paxe HernocpeacTseHHo U3 MockBsbl,
6e3 Heob6x0aAMMOCTM NoABepraTb 3a4eMCTBOBaHHbIX
B 9TOM paboTe COTPYAHMKOB pUCKaMm, CBA3aHHbIM

C BbINONIHEHMEM KX paboTbl HEMNOCPEACTBEHHO

Ha NPOMbICNOBbIX 06bEKTax, a Tak>xe No3BonAn
CyLWEeCTBEHHO CHWXXaTb NPOU3BOACTBEHHbIE 3aTpaThl.
B HacToALwen cTaTbe paccMaTpuBaloTCA
noTeHunanbHble BO3MOXHOCTHW, ob6ecneynBaembie
MCNonb30BaHneM LnpoBon HhopMaumm, a Takxe
TO, KakvM 06pa3om 3TUMWN HOBbIMU BO3MOXHOCTAMU
MOryT BOCMONb30BaTbCA 3aMHTEPECOBAHHbIE
KOMNaHmu.

HayHem ¢ paccmMOTpeHuA ABYX KINOYEBbLIX KOHLENUMN
Lindoposoro MectopoxxaeHna — HenpepbiBHbIX
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David Bamford

Just around the corner is a new technology which,
dependent on who we are listening to, is “The Field of
the Future’, “The Digital Oil Field’, “e-Field” etc. Now one
aspect of this vision is that one day in the future we might
for example be able to run a field like Samotlor or Rospan
from Tyumen, or even Moscow, without exposing workers
to Health and Safety risks, and at significantly lower

cost. The aspect | want to consider here is the potential
avalanche of digital information that can be foreseen and
how companies might prepare for it.

Consider a couple of key Digital Qil Field concepts,
namely Continuous Seismic Surveillance and
Intelligent Wells.

Continuous Seismic Surveillance extends 4D
methodology(see below). Offshore, permanent sensors
(with up to 4components: X, Y, Z + pressure) are installed
in the sea-bed above any oil or gas field in a one-time
installation before production starts (ideally at the same
time sub-sea production equipment is installed). Then

a relatively inexpensive seismic source vessel can sall
above these sensors — whenever required — and generate
a “repeat 3D’ In theory, this could happen as often



cericmMuyeckux HabniogeHun n MHTennekTyanbHbIX
CKBaXKWH.

HenpepbiBHbIe cecmmyeckue HabnoaeHua
pacwmpAoT hyHKLMM YETbIPEXMEPHbIX CENCMUYECKNX
nccnenoBaHni (CM. HUxe). [aTtymky ¢ BOSMOXHOCTbIO
3amepa 4veTbipex napameTpos (X, Y, Z 1 gaBneHus)
UCMOMb3YIOTCA ANA MECTOPOXAEHU Ha Wwenbde

1 yCTaHaBNMBAKOTCA €ANHOBPEMEHHO Ha MOPCKOM
OHe Hag HeddTAHBIM UM ra30BbIM MECTOPOXAEHNEM
nepen Ha4asiom aKcnyaTaumm MecTopoxXaeHusa (B
naeanbHOM Criydae yCTaHOBKa AAaT4YMKOB NPOU3BOAMTCA
OOHOBPEMEHHO C MOHTaXXOM NOABOAHbBIX YCTLEBbIX
komnnekcos). lMocne aToro MoOXHO NCNONbL30BaTb
OTHOCUTENBbHO HEOopPOroe CyaHO C UCTOYHUKOM
CerCMUYEeCKOro curHana anqa npoxoga Hag aTumm
JaTyukamu, Korga 3To HeobxoaMMo, U reHepupoBaHWA
NOBTOPAIOLLMXCA CUrHANOB TPEXMEPHOW CENCMUKW.
TeopeTuyeckm aTa onepaumA MOXeT NPoON3BOANTLCA
exxeHeaenbHo npu ctoumocTn Beero $100 ThicAd,
obecneymBan NOCTYNMEeHNE B peanbHOM BPEMEHU
OaHHbIX AnA aHannsa AMHaMMKWM NoBeAeHNA
NPOAYKTUBHOIO NnacTa Ha NPOTAXEHWUN BCEro cpoka
JKCMyaTaumm MecTopoXAeHUA. AHaNOrM4YHbIN NoAXoA,
MOXET MPUMEHATLCA ANA MECTOPOXAEHUA Ha CcyLle,
OfOHaKo, N0 BCEW BUAMMOCTH, B 3TOM criyyae byneT
NpeanoyTUTENIbHO YCTaHaBNMBATbL NOCTOAHHBbIE AATHYUKN
BHYTPW CKBa>KMHbI.

MHTennekryanbHble CKBa)XXWHbI NOAPa3ymMeBatoT
CKBaXXWHbI, B KOTOPbIX NP 3aKaH4YMBaHUn
YCTaHaBMNBAIOTCA BHYTPUCKBAXKMHHbIE AATHYNKN U
obopynoBaHue ynpasneHua. B pesynbtare 13 Takmx
CKBaXXVMH Ha4YMHaIOT HEMPEepPbIBHO NOCTYNaTh AaHHbIE,
XapakTepuaytoLme aasfieHne, pacnpeneneHne npuToka,
hasy NpMTOKa, HACbILLEHHOCTb KOMNEKTopa, a Takxe
OaHHble 3a60MHbIX reohn3N4ECKNX N3MEPEHUN,
BKJ1OHAA CENCMUNYECKNE U SNEKTPOMArHNTHbIE, a Takxe
NOABMAETCA BO3MOXXHOCTb KOPPEKTMPOBKU ONepaTopoM
paboTbl CKBaXXMHbI Y ONTUMM3ALMN NPUTOKA XXUAKOCTH
B CKBaXXVHY C MOMOLLbIO BHYTPUCKBaXXMHHbIX KranaHoB-
perynATopoB C AMCTaHUMOHHBIM ynpasnieHuemM ansa
OTAENbHbIX 30H, a TakKXXe ONTUMU3aumn paspaboTku
nnacta 6e3 nposeaeHNA AONOMHUTENbHbIX paboT B
CKBaXWHe.

O4yeBnaHbIM ABNAETCA TO, YTO KPYMHbIE
HedbTerasonobbIBatoLLMe KOMNaHU1 B NapTHepCTBe

C NNOVPYIOLLIMMM CEPBUCHBIMW KOMMAHUAMMN YXKe
HECKONbKO NeT BedyT paboTbl B 3TUX 0bnacTsAx, He 6e3
OCHOBaHWA nonarad, 4To UM yaacTcA AOOUTLCA BaXKHbIX
npenMyLLecTB, KOTOpble obecnevar BO3MOXHOCTb:

* OMTUMM3NPOBATb PEXMM A06bI4M ANA KaXXA0W
CKBaXXUHbI, B TOM Yucrie 3a cHeT bonee 6bICTporo
BBOAA B 3KCMyaTaumio HOBbIX CKBaXKWH, U B
KOHEYHOM MTOore AobUTLCA ONTUMasbHOM pa3paboTKm
MECTOPOXXAEHNA B LIENIOM;

e 06Hapy>uTb HOBblE, eLle He BOBJIEYEHHbIE

as once a week at a repeat cost of as little as $100k,
giving real-time data for analysis of reservoir dynamics
throughout a field’s life. Onshore, a similar approach can
be envisaged although permanently installed down-hole
sensors are perhaps more likely.

Intelligent Wells implies wells that are equipped at
completion with down-hole controls and sensors. There
can then be a continuous flow of data from these wells
regarding pressure performance, inflow distribution, the
flowing phase, reservoir saturation and from down-hole
geophysical measurements (e.g. seismic and electro-
magnetic) and proactive remediation of fluid inflow into the
well-bore via remote controlled down-hole zonal control
valves and the ability to implement reservoir management
without intervention.

What’s clear is that the Majors, in partnership with
the bigger contractors, have been working on ideas
such as these for several years, believing that the
leaders will find competitive advantage in their ability
to, for example:

e ‘shape’ production profiles, with individual wells
starting-up faster, and field-wide optimisation

e identify unexploited reserves, improving recovery
factors

e cut costs, both Capex (less wells) and operating

e remove staff from unsafe environments.

For a nice summary of the concepts, the progress that
has been made, and a couple of Field case studies,

| recommend a paper by Judson Jacobs which can

be found on the IHS web-site at www.energy.ihs.
com/Resource-Center/Presentations/ under the April
2007, London Symposium heading. It’s clear that
sensible digital solutions are being invented, tested and
implemented. However, to my mind, the most profound
point made in this paper is that whilst many individual
Digital Qil Field technologies have seen widespread
adoption - ranging from Intelligent Completions to 4D
Seismic to Real-time Drilling — optimized, collaborative,
integrated Operations remain at the proof of concept
stage or have only just been shown to be technically and
economically feasible.

Apart from the obvious possibility that the number of
digits of data that can now be acquired is running way
ahead of our ability to assimilate and integrate them, what
else might underpin the apparent difficulty in progressing
collaboration and integration? At the risk of opening a
Grand Canyon divide between some of the petrotechnical
disciplines, I'd offer the following thoughts:

By and large, the subsurface disciplines — geologists,
geophysicists, petrophysicists, reservoir engineers

— have already confronted the digital revolution, and

are comfortable with it, not least because of the
aforementioned problems set and opportunities offered by
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B pa3paboTKy 3anachbl 1 MOBbICUTb KOIOPULIMEHT
HehTen3BneYeHuUn;

® CHU3WUTb 3aTpaThbl, Kak KanuTesibHble (3a cyeT
CHUXEHWA 0BLLEro KOIMYeCTBa CKBaXKMH), Tak U
3KCMNyaTaunoHHbIE;

® VICKNIOYMTb HEOHBXOANMOCTb NPUCYTCTBMA NepcoHana
Ha MPOMBbICNIOBbIX 06bEKTax, paboTa Ha KOTOPbIX
CBA3aHa C HannM4mem NPOM3BOACTBEHHOTO pUCKa.

BhbllweykasaHHble KOHLENUUM U AOCTUrHYTbIN Nporpecc
B MX BHEAPEHMWN Ha NPUMEPE HECKOSbKUX peannayembix
NPOEKTOB pa3paboTKN MECTOPOXAEHNIN AeTallbHO
onucaHbl B paboTte [xagcoHa [xenkobea (Judson
Jacobs) Ha http://energy.ihs.com/Resource-Center/
Presentations/ Bab-caiita HIS (cTaTbA noa 3aronoBkoM
“JloHpoHCKMA cumnoauym’; anpenb 2007 r.). B ctatbe
npuBoaMTCA AeTanbHaA MHopmauma o pa3paboTke,
UCMbITaHUM U BHEOPEHUN BECbMa NPOrPEeCCUBHBIX
UMppoBbIX TEXHUYECKMX peLueHnid. OaHaKo, Kak MHe
KaxkeTcA, Hanbonee Ba>kHOW MbICIbLO, MPO3BYYaBLLEN
B 3TOW CTaTbe, ABNAETCA TO, YTO B TO BPEMA, KakK
MHOXECTBO OTAENbHbIX LMPPOBLIX TEXHONOTUIA

AnA HeddTerasoBOW OTPACNN HAXOAUMN LUMPOKOE
NMPUMEHEHNE B CaMbIX Pa3nnyHbIX 06racTax — oT
MHTEeJIIeKTyasIbHOro 3aKkaH4MBaHUA CKBaXKUH [0
YeTbIpexMepHoOn cecMopasBeaKn 1 KOHTPOJIA
napameTpoB 6ypeHusa B peasibHOM Maclutabe
BPeMEeHMU, TEXHOMOrMN ONTUMU3ALMK, UHTErpaLnn

1 B3aMMOAENCTBMA NMPU BbINOTHEHNM Pa3SINYHbIX
onepaumi ocTaloTCA Ha YPOBHE KOHLENTYaNbHbIX
peLleHni, Nnbo B OXXuaaHum noaTBEpXXAEHMA NX
TEXHUYECKOW 1 SKOHOMUYECKOWN 3¢hhEKTUBHOCTMN.

[MoM1MO 04EBMAHOM BO3MOXXHOCTU TOrO, YTO O6BEM
[aHHbIX, KOTOPbIA Tenepb BO3MOXHO MOSYYUTb,
YBENMYMUIICA HACTONbKO 3HAYUTENBHO, YTO onepexaeT
HaLU1 BO3MOXXHOCTU MO aCCUMUIIALMMN U MHTErpaumm aTmnx
[aHHbIX, YTO eLle MOXET NOATBEPANTb Habnoaaemyo
TPYAHOCTb BO B3aUMOAENCTBMM N MHTErpaumm?
Oco3HaBan CyLeCcTByHOLMIA PUCK OBHApY>XeHUA
3HAYUTENBHOM NPONacTU MeXay HEKOTOPbIMM
npuknagHbIMK HedbTerasoBbIMY AUCLMINIMHAMM, A BCE
>Ke nocTapakocb onucaTb CBOU UAEN.

B o6wem 1 uenom, cneumManucTbl B 0651actu
OTHOCALUMXCA K Hegpam ANCLMIMIIVH, BKOYaA
reonioros, reon3nKoB, NETPOOM3NKOB N NHXXEHEPOB
no paspaboTke NNacToB, Y>Ke CTONKHYUCh C
uncbpoBOM PEBONIOLMEN 1 BMOJNTHE KOMKOPTHO cebnA
YyBCTBYIOT B HEMAromn cTeneHn bnarogapa NOCTaHOBKEe
BbILLEYNOMAHYTbIX NPO6remM 1 BO3MOXKHOCTAM,
OTKPbIBAIOLLUMMCA B pe3ynbTaTte Pe3koro yBenm4eHmA
obbema nony4yaembiX JaHHbIX TPEX- N YETbIPEXMEPHOM
CEeNcMOopas3BeaKU (CM. HUXKE).

W, HanpoTuB, B LENOM, UHXXEHEPbI-NPOMbICIOBUKM,
a TakXe KOMMepYeCKne crneumanucTbl LWMPOKO
NCMOMb3YylOT B CBOEN paboTe NOTOKM AaHHbIX AnA
Tabnuuy Excel, npeseHtaunin PowerPoint n cuctem
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the tidal wave of data resulting from 3D and 4D seismic
surveys (see below).

In contrast, by and large, the petroleum and production
engineering disciplines (and commercial folk too) live in a
world of Excel spreadsheets, PowerPoint and SCADA data
flows, and those who tend the key (upward) information
flows within many organizations seem to regard MicroSoft
Office as the leading edge of the digital revolution.

The critical point seems to be that organizations - and
related processes, workflows, standards and procurement
practices - need re-shaping to support integration and
“digital oil field” projects. Acting ‘locally’ in this way seems
to be far more significant than the ‘global’ pursuit of
initiatives such as POSC or PPDM. For a good summary
of these ideas, I'd recommend my colleague Alan Smith’s
paper “How to succeed with your KIDS!” which can be
found here: www.paras-consulting.com/articles.aspx.

Actually data overload is not new and there are plenty

of examples of our ability to collect sub-surface and
engineering information running way ahead of our ability
to analyse and interpret this data or put differently, we
have struggled in the past to turn the massive amounts of
data we have into information and thence into knowledge.

A couple of related fragments of geophysical history will
help illustrate what | mean.

First of all, let those of us who can cast our minds back

to the mid 1980’s when, to give them due credit - led

by Shell, 3D seismic began to appear on the scene.
During this time, | began to be involved in North Sea
operations and | can remember walking into ‘team
rooms’ and being confronted with mounds of paper
from the very latest technology, a field’s new 3D survey.
There was so much paper and so little means of
dealing with it that to achieve speed of delivery (i.e. to
obtain some insight before the field in question came
off plateau!), interpretations were commonly based on
“every 10th line”- somewhat defeating the objective.
This was obviously commonplace around the industry
and various semi-exotic analogue interpretation systems
appeared. However, the digital seismic interpretation
system became the obvious target and to begin with

the bigger oil companies attempted to build their own

— Standard Oil (Sohio; eventually acquired by BP in
1987) had their SEIS system for example, BP continued
with SIIS and Chevron had their own system and so on.
Meanwhile some digital entrepreneurs were starting off
a couple of companies called Geoquest and Landmark
and eventually most, eventually all, of the Majors had
the sense to buy rather than build. The upshot of all
this was that by the early 1990’s, digital interpretations
using all the 3D seismic data were the norm and
reasonably accurate static 3D reservoir descriptions
could be made available to reservoir engineers for use
in their reservoir simulators.
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aBTOoMarTmnyeckoro npoektupoBaHna SCADA. U Bce, KTO
MMEOT OTHOLLEHUNE K KITKOYEBBIM MHEOPMaLIMOHHBIM
MOTOKaM B CamblX pa3fiMyHbIX OpraHn3aumax, Noxoxe,
cuutaoT MicroSoft Office ogHUM 13 NMAMpPYOLMX
NPOAYKTOB LM(POBO PEBOMNIOLINN.

Ba>kHbIM MOMEHTOM ABNAETCA HEOHXOANMOCTb
aganTtaumm opraHu3aumin 1 UCnosib3yemMbIX MU
MpoLEeCcCoB, NOCNea0BaTeNbHOCTY onepauun,
CTaHOAapTOB M METOAMK OCYLLECTBNEHNA MaTEepUasnbHO-
TEXHNYECKOIO CHabXXEHNA C LeNblo NOAAEPXKKN

WX MHTErpauumn n NpoeKToB co3aaHnA “UngpoBbIX
HedbTeraszoBbIX MECTOPOXKAEHNIA". AKTUBHOCTb “Ha
MECTHOM YPOBHE” B 3TOM HanpaBfiEHUN, NOXOXE,
3Ha4MTENbHO Honee CyluecTBeHHanA, Yem 3anyLieHHbIe
rnobanbHble NPOEKTbI TAKMX OpraHn3aumin, Kak
Accoumaumn HedpTerasoBbiX KOMMaHUin Mo pa3paboTke
nporpammHoro obecnedeHma nnu OpraHMsauum no
pa3paboTke CTaHOapTOB ANA MOOENNPOBaHMA U 0bMeHa
OaHHbIMK B HedbTerazonobbiBarowmii oTpacnn. 3tu
WAEN XOPOLLO onucaHbl B paboTe AnaHa CmuTa “Kak
[obuTbcA ycnexa npu ncnonb3oBaHnn VIHTerpupoBaHHom
WHTENNEKTYaNIbHON CUCTEMbI MPOEKTUPOBAHUA C
NCNonb30BaHNEM 6a3 AaHHbIX',—KOTOopanA npeacTaBneHa
Ha http://www.paras-consulting.com/articles.aspx.

Boobue-To roBopa, npobrema neperpy>XeHHoCTu
nHGOPMaUMen He HOBa U CyLLECTBYET MHOXECTBO
NPMMEPOB BO3MOXHOCTW NONyYEeHNA nHGopMaumm ¢
pasnu4YHbIMK NapaMeTpamMn Hegp U BHYTPUCKBAXKMHHOIO
o60opynoBaHnA, KOTopasa onepexkaeT NMeoLmMecH
BO3MOXHOCTU MO aHanu3y u nHTepnpeTaumnm 3Tmx
AaHHbIX. o apyromy rosopd, B MPOLUIOM Mbl
CTPEMWIUCL NEePEBECTM B LMpOBONA BUA, ANA
nomMeLleHnA B 6a3bl AaHHbIX OFTPOMHbIE MacCuBbl
WMHpopmaumn.

BoT napa nnniocTpupyowmx 4aHHYO MbICTb
oparMeHTOB M3 MPOLLJIbIX Fe0PN3NYECKUX PaboT.

Bo-nepBbix, MHOrMe U3 Hac NOMHAT 80-e IT. NPOoLUSIoro
CTONeTMA, Korga cTana noABMATLCA TpeEXmepHasa
cencMuKa (B Yem ecTb H6onbLuan 3acnyra KoMnaHmm
LLenn). B aTo BpeMA aBTOp HACTOALLEN CTaTbK
NpVHMMAan y4acTtue B ocywecTanAeMbix Ha CeBepHOM
MOpE MPOEKTax, U MOMHUT, Kak 3axoaA B o(h1cHbIe
KOMHaTbI, A€ NPOBOAWIICA aHaNn3 Nosy4eHHON
NHGOPMaUMK, HaTbIKancA Ha ropbl bymaru ¢ gaHHbIMK,
NosTyYeHHbIMU MPY UCMONb30BaHNN HOBEWLLEN B TO
BpEMA TEXHONOTNN TPEXMEPHON cencmopasBenkn. bymar
6bI/10 TaK MHOTO, a CpeacTB 06pabOTKM UMEBLLUMXCA Ha
HMX OaHHbIX TaK Marno, Y4To AJ1A YCKOPEeHUA aHanmaa
3TUX AaHHBIX 1 MOMyYeHUA roTOBbIX Mogenen (Ao
Hayasia CHUXXEHUA YPOBHA [06ObI4M MO MECTOPOXAEHMIO)
WHTeprpeTaumA NpoBoannack 06bIYHO NO KaXKaomn

10-1 cTpoOKe, B ONpPeAeneHHON Mepe paspyLuana camy
Lenb 3Toi paboTbl. Takor Noaxon Ncnonb3oBasca
NMOBCEMECTHO B OTPaC/iN 1 TO 1 AEN0 BO3HUKaIN
pasnuyHbIE NONY3K30TUYECKME aHANOroBbIE CUCTEMBI
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The next episode that’s worth some reflection is the
move to exploration 3D in the early 1990’s. Investment
in new vessels, again - to give due credit - led by PGS,
allowed seismic contractors to tow many more cables in
a much wider pattern, allowing 3D data to be acquired
much more quickly and cheaply. However, a major
bottleneck now appeared in the processing stage where
the massive amounts of data being acquired - several
thousand sq kms in some cases — implied a year or
more’s processing time, threatening the possibility that
the first commitment wells on the acreage might be
drilled before the 3D was available, again somewhat
defeating the objective. The first response to this was
for seismic contractors to invest in onboard processing
so that a reasonable amount of processing could be
undertaken more or less concurrently with acquisition
so that a preliminary, interpretable, 3D volume could
be made available within a few months of the last

shot being fired. Nowadays of course, satellite data
transmission, massive computing power and so

on means, that a more final data volume becomes
available in the same time frame.

The upshot of all this is that an offshore area such as
Deep Water Angola enjoys a better than 90% exploration
success ratio in Blocks 15, 17, 18, 31 and 32.

Another significant development of the last 10 years
has been the growth of repeat or “time-lapse” 3D
surveys — usually referred to as 4D - as a component of
effective field management (which requires the active
monitoring of reservoir properties such as pressure,
saturation etc.). The use of 4D increased rapidly in
the 1990’s. Confronted with this new and extensive
type of data, for a while the most significant analytical
technique was to process two time-separated 3D data
sets in parallel, and then to look at differences at the
target reservoir level: interpretation then consisted
(more or less!) of looking at the major differences and
saying “Hmm, this is probably related to that water
injector or that gas injector” or something similar and
equally unprofound.

Nowadays, reservoirs are monitored using repeated
surface seismic data (4D) together with the acquisition

of surface and subsurface well data, and the integrated
analysis and interpretation of both to reach a good
understanding of how fluids in the reservoir are behaving.
Multiple data sets covering many fields are being used in
many different ways, varying between simplistic qualitative
comparisons to sophisticated models. Such surveys may
be used to:

Identify compartments

Locate possible infill targets.

Design effective well interventions.

Improve reservoir understanding.

Reduce uncertainty in production forecasting.
Improve estimates of field reserves
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nHTepnpeTauun gaHHbix. OgHaKko ungpoBbIE CUCTEMBI
WHTEpNpeTauum CENCMMYECKNX OAaHHbIX CTanm
O4€BULHON HEOOXOAMMOCTbIO, M BHaYane KpyrnHole
HedbTerasoBble KOMNaHUM NbITaNMCb CO34aBaTb
COBCTBEHHbIE TAKME CUCTEMbI, HANPUMEP, CNEUMNaNnCTbI
Standard Oil (Sohio, koTopaa B KOHEYHOM UTOre

6bina npuobpeteHa bputuw MNMeTponeym B 1987 r.)
paspaboTtanu cuctemy SEIS, a BP npogomkunm aTy
TeHaeHumo cuctemon SIS, nogobHble CO6CTBEHHbIE
pa3paboTky 61 y Chevron 1 HEKOTOPbIX ApPYyrmX
komMnaHui. O JHOBPEMEHHO, HEKOTOpPbIE pPa3paboTyUnKm
OCHOBaNu napy KOMMNaHun, Taknx Kak [hxeokBecT
(Geoquest) u Jlangmapk (Landmark). A B KOHEYHOM
UTOre y BCEX KPYMHENWNX HeddTera3zofoboiBaroLLImX
KOMMaHWi XBaTuo 34paBoro CMbIC/a NokKynarb, a He
€034aBaTb Takoro poga CUCTEMbI.

PesynbTaTtom BCEro aToro CTaso To, YTO K Havany
90-x IT. NpoLuIoro Beka unpposana HTepnpeTauma

C UCMONb30BaHNEM BCEX AAHHbIX TPEXMEPHON
cencMopasBefKu cTana HoOpMOM, 1 NoABUNAaCh
BO3MOXHOCTb NOy4aTb OTHOCUTESIBHO TOYHbIE
OMNMCaHNA CTaTUYECKNX TPEXMEPHDBIX N1acToB-
KOMMEKTOPOB ANA UCMOJIb30BaHWA NHXXEeHepamu-
paspaboTymKaMm Npu MOAENMPOBAHMN NIACTOB.

Cnepylowmm anm3oaom, 3aciy>KMBaroLmMmM BHUMaHUA,
cTan nepexon K TPEXMEPHOM CencMopasBenKe B Havyane
90-x . IHBeCTMUMM B HOBbIE cnieumanbHble cyaa,
0COBEHHO aKTUBHO NpoBoamBLUMECA KoMnaHunen PGS,
NO3BOMMN CENCMOPa3BEA0YHbIM NOAPAAYNKAM TAHYTb
HaMHoro 6onbLie kabenemn co 3Ha4YMTeNsHO 6onee
LUIMPOKMM OXBAaTOM, 4TO obecneunBasno 3Ha4nTeslbHoe
YCKOPEHMWE W yaeLEeBEHNE NOSy4EeHNA TPEXMEPHbIX
CencMmnyeckmx gaHHbIX. B TO >xe BpemsA, OCHOBHbIM
NPO6IEMHbBIM MOMEHTOM CTas dTan nHrepnpeTaumnm
NOSyYEHHBIX OrPOMHbIX MaCCMBOB AAHHbIX, B
HEKOTOPbIX CIly4aAX — C NIOWAaAn B HECKOINbKO

TbicAY KM2. [InA nHTepnpeTaunmn Takux o6 bemoB
OaHHbIX TpeboBanca rog, n 6onee, 4TO yrpoXxano
HeobxoanMOoCTbIO BypeHuA 06A3aTeNbHbIX Pa3BenoyHbIX
CKBa>KWH Ha NINLEH3MOHHOM B10Ke [0 NonyYeHns
pe3ynbTaToB MHTEPMNPEeTaUMM TPEXMEPHON CENCMUKM,
YTO OMNATb XKE CTaBWJIIO NOA Yrpo3y AOCTUXKEHNE
NnocTaBneHHbIX 3agad. [epBbiM OTBETOM Ha 3TO cTana
yCTaHOBKa MOLLHOCTEN N0 06paboTke AaHHbIX Ha
cencmopasBefoyHble cyaa 1 CTaHuun, YTO NO3BOAANO
BbIMOSHATL ONpeAeneHHbli 06bem 06paboTKM
b6onee-meHee OQHOBPEMEHHO C CENCMOPA3BELKOM U
nony4aTb NpeaBapuTeNbHbIN, MOArOTOBMEHHbIA ANA
NHTEpnpeTauun o6 beM TPEXMEPHbBIX AAHHbIX B TEYEHME
HECKONbKMX MECALEB Nnocne nocnegHen sanvcu. Tenepb,
KOHEYHO, Hanun4ne CryTHUKOBbIX KaHaNoB nepeaayu
[AaHHbIX, 3HAYNTENbHBIX KOMMBIOTEPHBIX MOLLHOCTEN

Nno Mx 06paboTKe 1 T.M. 03HAYAET, YTO 3a TAKOWN Xe
nepvog BpeMeHn yaaeTcA nony4mTb 60blwnin 06bemM
06paboTaHHbIX AAHHbIX.

B pesynbTarte 9Toro 3Ha4YMTesIbHO NMoBbICWIICA YPOBEHb
ycriexa pa3Befo4HbIx paboT Ha wenbde, Hanpuvep, B
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The use of 4D is now capable of identifying the
pressure changes due to production and injection
as well as changes in saturation and solution gas
breakout.

My point is obvious, | guess. In each of these episodes,
geoscientists were confronted with the (Information
Management) problem of an overwhelming rush of data
and an operational need to make timely sense of it,
similar - in the memorable words of an ex-US colleague
- to “a thirsty man holding a tea-cup under the Niagara
Falls and expecting to get enough to drink!” And yet,
solving the problem led to competitive advantage for
the leaders......

And, putting my geoscientist ‘blinkers’ on just one more
time, I'd assert that many sub-surface teams are now
organized, and undertake their work, so that the static
and dynamic three-dimensional earth model sits at the
core of the team’s thinking.

Now as somebody who is made slightly dizzy by the
notion that my iPod can hold not only every sixties’

tune that | would wish to listen to but also a significant
proportion of those actually written in the sixties, | find
this hard to take in and I’'m glad that I'm not responsible
for delivering the brave new world of the Digital Oil
Field.

But the future “winners” in the oil & gas patch will
deliver it.....to their advantage.

rny6oKOBOAHOM YacTu Ha wwenbge AHIoNbI 3TOT ycnex
npesbicun 90% Ha 6nokax NeNe 15, 17, 18, 31 n 32.

Elle oaHMM 3Ha4YMTENbHbIM AOCTMXKEHUEM NOCNEAHEro
necaTnneTna ABuicA BbICTPLIN POCT 06BHEMOB
NepooNYECKUX CENCMUYECKMX HABMIOAEHUIA UK
TPEXMepPHOro CEMCMOMOHUTOPWHIA, KOTOPLIN 06bIYHO
Ha3blBalOT YEThIPEXMEPHOW CENCMUKN, ABNAIOLLENCA
OOHVM U3 3N1eMeHTOB 3(OHEKTUBHOTO yNpaBneHns
pa3paboTKON MECTOPOXAEHUA (ANA 3TOro HeobXoaAMMO
aKTUBHOE HabnogeHne 3a XxapakTepucTMKaMmm
NPOAYKTUBHOIO MnacTa, TaknuMu, Kak AaBneHue,
HacbILWEHHOCTb U T.N.). MpuMeHeHne YeTbIpeEXMepPHON
CENCMUKU pocio BbICTpbiMK Temnamu B 90-X IT.
npowwnoro Beka. CTONKHYBLUXCH C 3TUM HOBbIM U
3Ha4MTEeNbHbIM 06BEMOM [AaHHbIX, KAKOe TO Bpems
Hanbonee 3Ha4MTeNbHaA MeToaMKa aHanmMsa
3akrnoyanach B napasnnenbHon o6paboTke AByX
pasHeCceHHbIX BO BPEMEHM TPEXMEPHbIX CEMCMOrpaMm, a
3aTeM — B U3y4eHWUN pasnnynii Ha ypoBHe UccrneayemMoro
nnacTa: B 3TOM Cly4ae UHTeprnpeTauua cocTonAsna B
nyywem cnyyae B NPOCMOTPE TaKNX OCHOBHbIX pasnmymi
N KOMMeHTapuAx, Tuna: “Xm, no BUAUMOMY, 3TO CBA3AHO
C TOW 3aKa4KoWn BoAbl MM 3aKa4ykowm rasa’; nnbo
NoAo6HbIX ManoOCHOBATENbHbIX BbICKa3blBAHMAX.

B HacToALlee BpemA HabnogeHne 3a NnacTom
OCYLLECTBAETCA C MOMOLLbLIO PerynsapHoro



YeTbIPEXMEPHOIO CENCMOMOHUTOPUHIA, HapA4y C
nonyyYyeHneM AaHHbIX Ha YCTbe U C 3a60A CKBa>KMHbI,
N MHTEPNPETALMOHHOIO aHanu3a u MHTepnpeTauum
060UX TMMOB AaHHbIX ANA BbIPabOTKN KA4ECTBEHHOIO
NpeacTaBneHNa O AMHaMMNKE NOBEAEHNA XUAKOCTEN
B NPOAYKTUBHOM nniacte. MHOrOKOMMNOHEHTHbIE
cencMorpamMmmbl CO MHOXECTBA MECTOPOXAEHWNN
NCMOMb3YHTCA CaMbIM pPasnnyHbIM 06pa3om, OT
NPUMWUTUBHOIO Ka4eCTBEHHOIO CONOCTaBEHUA A0
CO30aHNA CMOXHbIX Moaeneun. Takorn MOHUTOPUHT MOXET
ncnonb3oBaTbcA ANA:

e OnpeneneHna HanMyme NonocTen

e OnpeneneHua HaMunA o6 bEKTOB ANA YyNIOTHEHMA
CETKM CKBa>KWH

e PaspaboTku achheKTMBHOM NporpamMmmbl
WHTEHCMhMKaLMN NPUTOKA N3 CKBaXKMH

* Yny4yweHna NOHMMaHUA XapaKTePUCTUK N NOBEAEHWA
NPOAYKTUBHBIX MNacToB

® YMEHbLUEHWNA CTENEHN HEONPEAENIEHHOCTN B
NporHo3ax Jo6bbiun

e ObecneyeHuna 6onee TOHYHOro onpeaeneHna 3anacos

MpUMeHeHMe YeTbIPeEXMepPHOro CEeNCMOMOHUTOPMHIA
no3sosnAeT Tenepb onpeaenuTb M3MeHeHNe AaBneHns
B pe3ynbTaTe A06bl4M 1 3aKaYKW, a TaKXXe U3MeHEeHue
HAaCbILLEHHOCTU U BblAENEHNE U3 XXNAKOCTH
pacTBOPEHHOrO rasa.

Touka 3peHna aBTopa o4eBmaHa. B Kaxxgom 13 aTux
CnyyaeB reornorn n reoousnkmn CTanknBannco ¢
npobnemon ynpasneHna 6onblummm obbemamm 66ICTPO

nocTynaoLwen nHopmaumm n HeobxoaMmocTn ee
onepaTtuBHoOM 06paboTkn 1 aHanm3a. Kak obpasHo
3amMeTuN OAVH U3 aMePUKAHCKUX KOMer aBTopa
HacToALLEeN CTaTbW, 3TO HANOMUHAET UCMbIThIBAIOLLETO
>KaxKAy YenoBeKa, CTOALWEro C MasieHbKON Yalkon noa
Hwnarapckmum Bogonagom 4Tobbl HabpaTb OCTATOYHO
BOAb! ANA yToneHnsa xaxapl. U Bce xe, peleHne

3TOM NpobnemMbl MO3BOMWIO NINAEPaM B 3TOM 0bractum
[0oBUTbCA OLLYTUMOro NPenMyLLecTBa.

Ewe pa3 BbICTynaA OT MMEHW reonoroBs U reou3nkos,
A xoTen bbl 3aABUTb, YTO CenYac OpraHN30BaHHO
MHOXECTBO rpyrnmn no n3y4eHunto Hegp, B OCHOBE paboThbl
KOTOPbIX JIEXXMT NOCTPOEHME M aHANN3 CTaTUYECKON U
ONHaMUYECKON TPEXMEPHbIX MoAenen 3eMHbIX Heap.

Y aBTOpa 3TON CTaTbl HE YKNaAblBaeTCA B rofioBe, Kak

B ero maneHbkoM iPod moryT ymeLlarbcA He TOMNbKOo BCe
ero nobumble necHn 60-X, HO 1 3HaYUTENbHaA YacTb
MeNoann 1 NeceH, KoTopble Obln HanMcaHbl B 60-e IT.
npownoro Beka. Oco3HaHne 3Toro hakTa 4anocb MHE He
NpoCTO, 1 A pag, YTO Ha MHE HE NEXUT OTBETCTBEHHOCTb
3a cosfaHue “npekpacHoro HoBoro Mmpa” umgpoBsoro
MECTOPOXAEHNA.

OT10T Mup 6yaeT co3paBaTbCA nuaepamm HeddTEra3oBon

oTpacnu....n bygeT cnocobCcTBOBaTb PE3KOMY
NOBbLILLEHNIO 3PHEKTUBHOCTN MX PabOThl.
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