B PA3BEOKA

ObHapyxeHve nnacra
Yepesa MNnogaBsieHVe KpaTHbIX BOIH 3D

Revealing the reservoir through 3D

multiple attenuation
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06wan uxchopmauua
Cnoxmt:uh penbed OHa H4acTo BCTpeYaeTcs BO

MHOMX rTy6OKOBOOHBIX MECTOPOXXAEHUSAX BO
BCEM MVPE U MPUBOANT K BO3HNKHOBEHNIO CIOXKHbIX
PEXMMOB MHOMOKPATHbBIX CENCMOBOJTH, KOTOPbIE MIIOXO
NOAABAKOTCA C MOMOLLIO anrOpUTMOB MOAABIEHNS
KpaTHbIX BOMH 2D. B aT0M cTatbe Mbl 06CYANM HEKOTOPbIE
OCHOBHbIE MPUHLMMBI MOMUMO TEXHOMOMM NOAABNEHNA
MOBEPXHOCTHO-CBA3aHHbIX KpaTHbIX BOSH (SRME)
1 MPOAEMOHCTPUPYEM VX BOSAENCTBME HA AaHHbIE,
nony4eHHble Ha TyanCrHCKOM MECTOPOXXAEHUM B HEpHOM
Mope. KOHKPETHO, Mbl OBCYANM HalL HOBbI MOAXOA, K
NnogaBNeHNo KpatHbIX BoSH 3D 1 NpogeMOHCTRUPYEM
€ro NMpYMeHeHVe NPV NOOABEHUN CIOXHbBIX KPATHBIX
BOJIH B X0€e CbeMOok 3D, rae NpUcyTCTBOBaUT CITOXHbIN
penbed MOPCKOro AHa. NperMyLLECTBO HaLLEro HOBOMO
MeToda 3aKJIKO4aeTCs B TOM, YTO OH KOMMEHCUPYET
HEPABHOMEPHYIO ANCKPETN3ALIMIO B XO4E CHEMKM,
No3TOMY HET HEOOXOAMMOCTY 0bpabaTbiBaTth W yy4LlaTb
BBOOVMbIE JaHHble, HTOBbI BbIMNOMHWUTE CTPOrMe
TpeboBanus naeansHom cuctemsl 3D SRME.

MHorokpaTHbie oTpaXKeHua. Yro oHu co6oin
NpeAcTaBNAIT M NoYeMy HYXHbI anropuTvbl 3D Ana
NoAlaBNeHNA KPaTHBIX BOJH?

NOBEPHOCTHO-CBA3aHHbIE KpaTHbIE BOMHbI 00pasytoTcs
B CENCMUNYECKMX AaHHbIX 38 CHET MOBTOPEHUA U
VHBEPCUN OHOKPATHOIO BOSTHOBOIO MOMSA OT PE3KOM
OoTpaxkaroLLer rpaHnLbl. CyLLECTBYET MHOMO PEXUMOB
KpaTHbIX CEMCMOBOJIH, KOTOPbIE BOSHUKAIOT B MPOLIeCce
MCMOJIb30BaHNST MOPCKOW BYKCMPYEMOW KOCbI 415
NPOBEOEHNS CHEMKN, N3 KOTOPbIX Hanbonee
npeobnagaroLme MoPMUPYOTCS B BOASAHOW TOSLLE,

1 Mbl OFPaHNYMM Halle 06CYy>KAeHNE MEHHO

3TUMK BOMHaMU. Ons 3TUX AOHHbBIX KPaTHbIX BOJTH
reHepaTopamMu ABMSATCS rPaHnLbl MEXAY BO3AYXOM/
BOOOW 1 BOAOW/MOPCKMM OHOM.
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Summary

omplex waterbottom topography is common in many

deepwater fields around the world and gives rise to
complex multiple regimes that are poorly attenuated by 2D
multiple attenuation algorithms. In this article we will discuss
some of the basic principles behind the surface related
multiple elimination (SRME) technique and demonstrate its
effect on data acquired at Tuapse field in the Black Sea.
Specifically we discuss our new approach to 3D multiple
attenuation.and demonstrate its use to attenuate complex
multiples from 3D surveys with complex waterbottom
geometry. An advantage of our new method is that it
compensates for irregular sampling in acquisition so that
the input data does not have to be manipulated and
preconditioned to meet the stringent requirements of ideal
3D SRME.

Multiple reflections, what are they and why do

we need 3D algorithms for multiple attenuation?

Surface related multiples are generated on seismic data
through the primary wavefield being replicated and reversed
at a strong reflecting interface. There are many multiple
regimes set up during towed marine streamer acquisition,
the most dominant of which are usually formed in the water
column and we will limit our discussion to these. For these
water bottom multiples the generators are the interfaces
between the air/water and water/seabed.

Surface related multiple elimination (SRME) is
acknowledged to be the most powerful data driven method
of predicting and attenuating multiples from seismic data
and is performed in two phases. The first phase involves
creating a multiple model for each target trace, the second
phase involves adaptively subtracting the multiple model
from the input data, using filters derived using a least-
squares approach. The basic principle of the technique is
that multiple reflections can be constructed from a number
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EXPLORATION M

[NonasnerHne NoBEPXHOCTHO-CBA3AHHbBIX KPATHbIX BOJSH
(SRME) cuntaeTtca Hanbonee athPeKTMBHBIM METOOM,
KOTOPbIN YIPaBAETCHA AaHHbIMU MO MPOrHOSUMPOBAHNIO U
MOJAABMEHNIO KPaTHbIX BOJTH B MACCHBaX CENCMUHECKIMX
OaHHbIX, 1 OH OCYLLIECTBIIAETCS B ABa aTana. [lepsbiin
aTan BKIIKOYaeT B ceds co3aaHne MOAENM KpaTHbIX

BOJIH Q151 K&XKO0M 3a4aBaeMOon TpaccChl, a BTOPOW aTar

NpPeacTaBnseT cob0oM aganTUBHOE BblYMTaHME MOAENN

KpaTHbIX BOSH U3 BBOAVMBIX AaHHBIX C MOMOLLIbIO

PUNLTPOB, UCTIONB3YIOLLMX CPeOHEKBaAPATUYHBIA METOL,

OCHOBHbIM MPVHLIMMNOM AaHHOW TEXHONOMM SABASIETCS TO,

YTO KpaTHble OTPAKEHMS MOIYT BbITb CKOHCTPYMPOBaHb!

13 psifa OOHOKPATHbBIX OTPaXKEHWIA CBEPHYTbIX BMECTE,

a 3anMcaHHble CEeCMUHECKME faHHble copep»kaT

BCHO HEOOXOAMMYHO MH(OPMALMKO ANSt OLUEHKM (U

MPOrHO3VPOBaHNS) KPaTHbIX BOSH. [aHHast KOHLENLMsS

npountoCTprpoBaHa Ha Puc.1.

» TpaeKTopusi KPaTHOWM BOMHbI, 3apErMCTPUPOBaHHAS
MEX[y UCTOYHNKOM S 1 MpreMHKoM R, nokasaHa
3e/eHbIM.

»  CencMn4ecKunii Ny NOKNOAET UCTOHHNK BO3DY>KAEHWS B
TOYKE S, 1 OTpaKaeTCs OT MPaHuLbl OOHOKPATHbLIX BOSH
B TOYKe A.

» Jlyd nepenaeTcs Ha NOBEPXHOCTb, IAe OH YOapsieTcst O
rpaHuvLy pasnena Bo3ayxa/Bodbl B To4ke B.

» Jlyd 3aTem OTparkaeTcs BHU3 Ha MOPCKOe AHO, rae
OH OTparkaeTcs 0bpaTHO B Touke C 1 nony4aeTcs
NPUEMHVKOM B Touke R.

MOXXHO paccMaTpuBaTh, YTO KPaTHbIA CEMCMUHECKIAN

JTy4 COCTOUT 13 ABYX OIHOKPATHbIX MyTen npobera; SB u

BR. To4ka B HasblBaeTCs HUCXOOALLAA TOYKA OTPaXKEHWA

(DRP). Onst paccMoTpeHnst Mofesin KpaTHbIX BOSH C

nomoLpto SRME B gaHHOM MPOCTOM MpUMEpPE Ham

HY>KEH UCTOYHVK BO3OYXXAEHMS U MPVEMHIK B MOIOXEHM

B Taknm 06pa3oMm, HTobbl MENNCh ABa KOMMOHEHTa

TPAEKTOPUM BOSIHbI (BOCXOASILLMM 1 HUCXOOSALLNN).

CeepHyTble Tpacchl SB 1 BR garoT oLeHKy KpaTHOW BOSHbI

0151 3TOW 3a4aHHON TPaccesh!.

YT06bI CMPOrHO3MPOBaTb KPaTHblE BOSIHbI C MOMOLLbO
OaHHOro MeToda Ham Haao nonyYarb gaHHble ot MNB m 1117,
HaXOASLLMXCHA B COBMELLIEHHBIX MECTAX — 3TO HEBO3MOXXHO
B YC/IOBUSAX MOPCKOW ChEMKU 13-3a 3PIEKTUBHOCTM U

MO NPaKTU4eCKMM coobparkeHuaMm. [ns sapranTta 2D npu
rcnonb3oBaHUM metoga SRME gaHHast COBMELLEHHOCTb
B v M MOXeT 6bITb AOCTUrHYTa B X04e 06paboTKL 3a
CHET MHTEPnoNAUMnN. Kpome Toro, Npu NCnonb30BaHnm
METOAa HEOOXOANMO 3aMnChbIBaTb OTPAXKEHNE OT MOPCKOrO
OHa 1 UIMETb JaHHble B BapuaHTe 4715 LIEeHTPasibHOro

nyya. NoaTtomy, YTobbl BbINOMHUTL 3TO TpeboBaHWe
SKCTPANONALUMS ANA LIEHTPANBHOMO NyYa BbINOJHAETCS

00 MPOrHO3MPOBaHNS KpaTHbIX BOMH. Ha npakTuke, B
OTHOLLIEHWI NtOBOI 3a4aHHOW TPACChl Mbl HE 3HAEM, Kakue
Tpacchl HEOBXOAMMO CBepThIBaTb 4/159 06pasoBaHNA
KpaTHbIX (hOpM, MOSTOMY CBEPTHLIBAKOTCS BCE TPACCHI U
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of primary reflections convolved together, and the recorded

seismic data contains all the required information to

estimate (or predict) the multiples. This concept is illustrated

in Figure 1.

» The multiple ray path recorded between source S and
receiver R is shown in green.

» The seismic ray leaves the shot at point S, is reflected
from a primary reflector at point A.

» The ray is transmitted to surface where it strikes the air-
water interface at point B.

» The ray is then reflected downward to the seabed where
it is reflected back at point C and finally received by
receiver at point R.

The multiple ray can be considered to be composed

of two primary paths; SB and BR. Point B is known as

the downward reflection point (DRP). To calculate the

multiple model for this simple example using SRME we

need a source and receiver at position B so that the two
components of the raypath (upcoming and downgoing) are
present. Convolving traces SB and BR give an estimate of
the multiple for this target trace.

B
e T — M
S 7 R
water hottom
H

\_/

Puc 1 Cxema, nokasbliBatoLLiasa YacTu TpaeKTopun,
KOTOPYIO MPOAENbIBAET KpaTHasi BO/IHA MEPBOro
nopsioka (C paspelueHns bunna dparoceta koMnaHus

WesternGeco)
Figure 1 Diagram showing component parts of path
taken by first order multiple courtesy of Bill Dragoset
WesternGeco

In order to predict the multiples using this method we
need to acquire shots and receivers at coincident locations
—this is not possible in the marine environment due to
efficiency and operational reasons. For 2D implementation
of SRME this harmonisation of the shots and receivers
can be achieved during processing through interpolation.
In addition the method requires that the waterbottom
reflection be recorded and available at zero offset.
Extrapolation to zero offset is therefore performed prior to
multiple prediction to achieve this requirement. In practice,
for any target trace, we do not know which traces need
to be convolved to form the multiple so all traces are
convolved and the multiple model is formed by stacking
the convolved traces. For the 3D implementation of
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B PA3BEOKA

MOZENb KPAaTHbIX BOSIH CO3MAETCH 3a CHET CYMMUPOBAHNS
CBepHyTbIX Tpacc. [dnsa Bapuanta 3D, npu MCNob30BaHUM
meToda SRME cutyaums elle 60nee OCNOXHAETCSA, Tak
KaK KpaTHble BOJIHbI FEHEPUPYIOTCS C TpaekTopuen nyda 3D
KOTOpast MOXXET MafaThb B JIIOOOM MECTE MPOCTPAHCTBEHHOM
anepTypbl, KOTOPast ONMPEAENSIETCS FEONOMHECKUMM
YCII0BUSIM, MO3TOMY PEKOHCTPYKLMA TPaCcC HaMHOMo
CcnoxkHee. bonee nogpobHO 3TO N3MOXKEHO B cTaTbe Moore
and Dragoset, 2008 1.

Ecnv reonormndeckoe CTpoeHre MOPCKOro AHa NpocToe,
TO KpaTHble BOJHbI, OTPaXKEHHbIE OT OHA, HAXOOATCH B
MNOCKOCTM MO HaMpaBneHNO K NNHWX CyaHa U MOryT
ObITb CAPOrHO3MPOBAaHbI 1 MOAABNEHbI, UCMOb3YS CXEMbI
noaaBneHns KpaTHbIX BOSH 2D, 415t KOTOPbIX TOMbKO
TpedyeTca MHopMaLMSA OT OOMHAPHBIX MOABOOHbIX
npodunen. OgHako, ey AHO CNOXXHOE MO penbedy
b0 MafaeT B HaNpaBieHn NePREHaVKYNSAPHO IMHNSM
npuema, TO KpaTHble BOSHbI ByayT MafaTtb 3a npedenamm
MIOCKOCTY MOJTyYEHNS AaHHbIX B HANPaBAEHUN IMHAN
CyaHa 1 MOryT ObITb TOJIbKO CMPOrHO3MPOBAaHbI C
MOMOLLBHO MeTOAMKM 3D. 3TO NPOMANIKOCTPUPOBAHO Ha
cxeme Puc. 2;

Puc. 2(a) nokasblBaeT BMA cnepeam CbeMKN C
npumMeHeHeM 10 ByKCUpYEeMbIX KOC 1 MoKa3sbIBaeT
OTHOCUTENBHOE MOSTOXKEHNE CENCMOUCTOYHMKOB 1
natymkoB. OOHOKPATHOE OTPAKEHME OT AHA MOKa3aHO
KPaCHOW NIMHKEN.

Puc 2(b) nokasbiBaeT TpaeKToputo lyHa KpaTHOM BOJIHbI
MepBOro NopsaaKa, OTPaXKEHHOM OT MAIOCKOro AHa, U oHa

Crossline

\

DRP

SRME, however, the situation is more complex because
the multiples are generated with 3D raypaths that can fall
anywhere within a spatial aperture which is dictated by the
geology, hence reconstructing traces is much more difficult.
For further details please see Moore and Dragoset 2008.

When the seabed geology is simple the waterbottom
multiples lie within the plane of the sail line direction and
can be predicted and attenuated through 2D multiple
attenuation schemes, which only require information from
single subsurface lines. However if the waterbottom is
complex or dips in the crossline direction, the multiples will
fall outside the plane of the acquisition sail line direction
and can only be predicted using a 3D approach. This is
illustrated by the schematics in Figure 2;

Figure 2(a) shows front view of a 10 streamer seismic
survey showing relative positions of the seismic sources
and detectors. The primary reflection from the waterbottom
is shown by the ray drawn in red.

Figure 2(b) shows the raypath of the first order multiple
from the flat waterbottom, shown in green, the multiple ray
path is in roughly the same plane as the sail line direction
and can be estimated from 2D data.

Figure 2(c) shows what happens to the multiple in the
presence of a complex steeply dipping waterbottom.

The downward reflection point (DRP) of the first order
multiple lies outside the plane of the sailine direction and
for accurate prediction requires information from other
cables and adjacent swathes in order to accurately predict
the multiple.

DRP

Y

Y
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v

Puc. 2(a) - Figure 2(a)

rnokasaHa 3e/1eHbIM LIBETOM; TPAEKTOPWA KPaTHOM BOSHbI
rpybo NOBTOPSIET TY XKe MIOCKOCTb, Kak 1 HarnpasnieHne

K IMHUW CyaHa, U MOXET ObITb paccyMTaHa Ha OCHOBE
OaHHbix 2D.

Puc 2(c) nokasbiBaeT, YTO NPOUCXOOANT C KPaTHOW BOSTHOM
B Clly4ae eCnii MOPCKOE OHO CIIOXKHOE 1 KPYTO MaaaeT.
Hucxogsuwas Touka otpaxeHnsa (DRP) kpaTHOM BOMHbI
MepBOro Nopsaka HaxoaOUTCs BHE NAOCKOCTU NIMHM MO
HaNpPaBAEHUIO K CyaHY, M AN TOYHOMO NPOrHO3MPOBaHWA
HeobxoauMa MHAopMaLMS C APYrvX AOHHBIX KOC U C
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Puc. 2(b) - Figure 2(b)

Puc. 2(c) - Figure 2(c)

Figure 2 Schematics showing 2D and 3D multiple raypaths,
panel (a) primary raypath shown in red, panel (b) 2D multiple
raypath, panel (c) 3D multiple raypath. The position of

the downward reflection point (DRP) for the multiple is
annotated. Diagrams courtesy of David Hill, WesternGeco

WesternGeco’s new multiple prediction method, ‘3D

General Surface Multiple Prediction’ (3D GSMP), enables
a high quality 3D multiple prediction for surveys acquired
in areas of complex geology and with irregular acquisition
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B PA3BEOKA

conpenenbHbIX 6/10KOB, YTOObI TOYHO CMPOrHO3MPOBATL
KPATHYIO BOJHY.

Cxematn4eckme nsobpaxxeHna Puc. 2, nokasbiBaroLme
TpaekTopumn KpaTtHbIx yden 2D 1 3D, pag (a) TpaekTopus
OHOKPAaTHOW BOJIHbI MOKa3aHa KpacHbIM, psf (b)
TpaeKTopust KpaTHOWM BOJHbI 2D, pag, (C) TpaekTopus
KpaTHOWM BOJSIHbI 3D. NofoXKeHe HUCXOOSALLEN TOYKM
oTpaxeHnst (DRP) ons KpaTHOM BOMHbI CHAOXKEHO
npumesdaHmuaMm. CxemMbl MPEACTaBMNEHbI C paspeLLeHs
Hasunpa Xvnna, komnaHns WesternGeco

HoBbI1 MeTOL, MPOrHO3MPOBaHKA koMnaHum WesternGeco,
KOTOPbIV Ha3bIBAETCA ‘OOLLMIA METOA, MPOrHO3UPOBaHUS
KpaTHbIX MOBEPXHOCTHbIX BOMH 3D’ (3D GSMP),
MO3BOJISIET OCYLLECTBNSATH BbICOKOKA4YECTBEHHOE
MPOrHO3MPOBaHVEe KpaTtHbIX BOSH 3D B OTHOLLEHA
CBEMOK, MPOBOOMBLLUNXCA B paioHax CO CIIOMHbIMM
re0SIONMHECKMN YCIOBUAMM U HEPEMYNAPHON CUCTEMON
HabnoaeHUn. BaxkHOM 0coBEHHOCTBIO JaHHOro MeToaa
SABNSIETCHA ero CoCOBHOCTb MPOrHO3MPOBAaTb KPaTHbIE
BOJIHbI MO UCTUHHOMY a3UMYTY, C Y4ETOM UCTUHHOM
TpaekTopum Nyda Yepes TOJLLY BOoAp!. HYyBCTBUTENIBHOCTD
MPOrHO3NPOBaHNS KPATHBIX BOSIH OT asuMyTa 1 ApYrnx
hakTopos, oTHocALmxcA K 3DSRME, obcy>kaeHbl B
paboTte Moore and Bisley (2005r.). B oTin4ve oT gpyrmx
peann3aumin metoga 3D SRME, nepen nprMeHeHem
veTtoga 3D GSMP He BuaBuratoTCca Tpeb0BaHMS
Perynapr30BaTh, SKCTPaNoMPOBaTh Ha LEHTPaSTbHBIN STy,
NIV MHTEPNOIMPOBATL Lar Anckpetudaumm MNB n T1r1.

B menctBuTEeNnsHOCTY NMtobble HEPOBHOCTY AHA MOMYT
BbI3bIBaTb (B 6OMbLUIEN WM MEHbLLEN CTEMNEHW) KpaTHble
BOMHbI 3D. Hanpumep, kpaTHble andparnpoBaHHble BOSHbI
3D MOoryT reHepupoBaTbCS OTHOCUTENBHO HEGOMBLLIMM
JIOKaNIM30BaHHbIMM aHOMaIMsMK penbeda aHa u
npoayLMpOBaTh OC CUHMA3HOCTU audparmpoBaHHOM
KpaTHOWM BOJIHbI B MPOCTPaHCcTBe 3D, KOTOPOE HE MOXKET
ObITb CMOAENMPOBAHO B NpocTpaHCcTBe 2D. Kak Tonbko
OynyT co3AaHbl TEXHOMOMMM NOAABNEHMS KPATHBIX BOJTH
3D, oHM cTaHyT 0BbI4HOM MpakTuKon. Cxembl 3D Takke
HEOBXOAVMbI NPV HANIMHU HEPEMYNSIPHON CUCTEMBI
HabnMtoAeHWA (HanpVMep, BONbLLIOE OTKIIOHEHME OT Kypca)
B CWJTy TOrO, YTO BapuaLim CENCMUYECKMX TPAEKTOPUIA
OyaOyT Bbi3bIBaTb MOMPELLUHOCTL MapOK BPEMEHM B XOOE
MPOrHO3MPOBaHWSA KPaTHbIX BOJH.

WcxoaHnaa uHdopmauua no AaHHbIM, UCNONb30BaHHLIM B
HacToALlemM CUTYalNOHHOM UGGe10BaHN

Cbemka 3D Ha TyanCUHCKOM MECTOPOXAEHWN B HepHOM
MOpe NpoBoannack Ha nnowaan 1200 KB. KM ANns uenemn
reoioropasBeakm C UCMOb30BaHMEM CENCMOCTaHL
Q-Marine ¢ ogyHapHbIMI AaTHMKamm B aBrycTe U CEHTAOpE
2007 r. Cbkemka NpoBoaMnach C UCMoSb30BaHNEM
TEXHONOrMM nosydeHns ganHblx MB-I111, a nHeBMOoMyLLKK
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geometry. An important feature of this method is its ability
to predict multiples at true azimuth, taking the true raypath
of the multiple through the water layer into account. The
sensitivity of multiple prediction to azimuth and other issues
relating to 3DSRME are discussed by Moore and Bisley
(2005). Unlike other implementations of 3D SRME, there is
no requirement to regularise, extrapolate to zero offset, or
interpolate the shot and receiver sampling intervals prior to
3D GSMP.

In reality any irregularity at the waterbottom can lead to 3D
multiple ray paths to greater or lesser extent. For example
3D multiple diffractions can be produced by relatively small
localized anomalies in the seabed and produce multiple
diffraction curves in 3D space which cannot be modeled
in 2D space. As 3D multiple attenuation techniques
become established, they will became standard practice.
3D schemes are also required in the presence of irregular
acquisition geometry (e.g. high feather) because the
variation of seismic raypaths will introduce timing errors
during multiple prediction.

Background information for data used in this case study

The Tuapse 3D survey in the Black Sea comprises 1200
sgkms and was acquired for exploration purposes using
Q-Marine single sensor acquisition system in August

and September of 2007. The survey was acquired using
point-receiver acquisition technology and the shot and
streamers were towed at shallow depths of 6 mand 7 m
respectively. Ten cables of 6000-m length were deployed
at a separation of 100 m: the inline spacing between point
receivers was maintained at 3.125m single-sensor trace
interval to compensate for perturbations and attenuate
noise introduced during acquisition, and shot domain
processing was performed at a 2 ms sample rate. The
processing at single-sensor trace interval included receiver
motion correction; attenuation of swell-induced cable noise
and waterborne noise. Shot-by-shot designature using
calibrated marine source designature minimised wavelet
distortion arising from variations in source characteristics.
Digital group forming incorporating a digital antialias filter to
12.5 m trace interval and temporal resample to 4 ms was
performed prior to input to 3D GSMP.

Recognising the need for 3D muitiple attenuation

The water bottom two-way-time map shown in figure

3 illustrates that in the eastern half of the survey the
waterbottom is complex and in places dips steeply to the
north, there is also evidence of irregular topography caused
by canyons and infilled channels which can be up to 300 m
(400 ms) deep relative to the average water depth. There

is up to 800 m of variation in waterbottom depth across
the survey giving TWT variation of 1000 ms across the
survey area. The dipping nature and irregular 3 dimensional
topography of the water-bottom gives rise to complex

www.rogtecmagazine.com
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1 KOCbl BYKCMPOBaINCh Ha MENKOBOALE C MyBMHON
nopsigka 6 M 1 7 M COOTBETCTBEHHO. [ecaTb Kabenen
anvHon 6000 M Bblnn pasmellieHbl Ha yoaneHi 100 m
OpYr OT apyra: pacCTosiHME MEXXY CENCMOMPUEMHUKAMN
noaaep>K1Basnoch Ha yposHe 3,125 M Mexxay OfMHapH6IMU
JaTyMKamMm Ha Tpacce Ansg KOMMeHcauyy BO3MYLLEHWIA
NMOAAaBEHNS MOMEX, BOSHUKAIOLLMX B XO4€e OTPaboTKu,

a obpaboTka obnactu B 6bina NpoBedeHa C Larom
avickpeTusaummn 2 mc. ObpaboTka no MHTepBanam

Mexxay OTAeNbHbIMU JaTHnKamm BKtoYasa B cebs
KOPPEKUMIO CABUra MPUeMHIKa, MOAaBNEHME LLYMOB 3bI0W,
MHAYLIMPOBaHHbIX kKabenem, 1 nepefaBaemMbix Mo Boae
nomex. [NprBeneHve hopMsl UMMybca No kakaomy MNB ¢
MOMOLLbIO KannbpoBaHHOM hopPMbI UMMYIbCa MOPCKOrO
WNCTOYHVKA YMEHBLLINO A0 MUHMMYMA NCKaXKEHWE
dopMbI MMYNbCa, KOTOPbIE BbI3bIBANIOCH BapUaLsMm

B XapaKTepUCTMKaX UCTOYHMKOB. [lepen TeM Kak

BBOOMTb AaHHble B cucTeMy 3D GSMP, 6b1no npoBeagHo
dhopmMrpoBaHme LMMPOBbIX MY, KOTOPLIE BKIOYaSIM B
ceds UMPOBON aHTUINANCUHT-COUNBTP NG HTepBana
CENCMOTPAace paBHOro 12,5 M 1 BPEMEHHOE U3MEHEHNE
Lara guckpeumm 0o 4 mc.

Oco3HaHue Heob6XoAMMOCTY B NOAABNEHNU KPATHBIX BONH 3D
KapTa OBorHOro BpemeHn npobera npu OTpadkeHnn oT
MOPCKOro iHa, NoKagdaHHast Ha Puc. 3, 4eEMOHCTPUPYET,
YTO B BOCTOYHOM NOAOBUHE NOLLAAN ChEMKN penbed
[Ha CNOXHbIA 1 B HEKOTOPbIX MECTAX KPYTO NagaeT B
HaNpPaBAEHUN Ha CEBEP, STO TaKKe CBUAETENLCTBYET

0 HEPOBHOCTW penbeda Bbi3bIBAEMOrO KaHbOHaM 1
HaNOSHEHHbIMI dhapBaTepPaMm, KOTOPbIE MOTYT ObiTb
rny6uHom 0o 300 m (400 MC) MO CpaBHEHNIO CO CPeaHeN
rny6uHoM BogHoM Tonwiw. MNepenan rayduH MoXXeT
cocTaBndaTb Ao 800 M B npenenax rioLlanm CbeEMKK,

a Bapvauyvsa B 3Ha4eHNsIX ABOMHOMO BpeMeHu npobera
MOXKET cocTaBATb A0 1000 mMc. NagatoLmii 1 HEPOBHbIN
TPEXMEPHbIN penbed AHa BbI3bIBAET yBENMYEHNE KPaTHbIX
OTPadKeHNI 1 OUPaKLNIA, Ybst TPAEKTOPUS HAXOANTCS BHE
MIOCKOCTU OTPabOoTKM B HaMPaBNeHW NINHA CyaHa.

Puc 4 Pa3pes nepneHamkynspHO IMHUSM nprema
mMaccmea 3D. O6paboTaHO METOAOM OKHa, YTOObI
noKasaTb CIOKHOCTb MOMEPEYHOro HanpPaBIeHNS C
TOYKW 3peHnst penbeda gHs

Figure 4 Crossline section from 3D volume. Windowed
to show crossline complexity of waterbottom topography

28 | ROGTEC

multiple reflections and diffractions whose raypaths lie
outside the plane of the acquisition sail-line direction.

Puc 3 KapTta gBoiHOro BpemMeHn npobera,
WNNKOCTPUPRYIOLLIASA CITOXHOCTb penbeda aHa. LiBetom
MoKasaHO OTHOLLIEHE OBOVHOMO BPeEMeHM npobera u
CPEAHEero ABOMHOMO BPeMeHM npobera Ha
MPOTSPKEHNN CHEMKN

Figure 3 Waterbottom TWT map illustrating the
complexity of the waterbottom. Colour indicates TWT
relative to average waterbottorn TWT across the survey

Figures 4 and 5 show seismic sections from the traverses
indicated on the waterbottom TWT map. Figure 4 is a
crossline section through 3D volume at location indicated
by dashed black line. The complexity of the waterbottom
topography can be appreciated. Figure 5 is an in line
section at the location indicated by dashed black line.
The main target zone is indicated by the thick double

Puc 5 Pa3pes Boosb MMHUN HAONIOAEHVS MaccuBa
3D, NoKasbIBaOLLA OCHOBHOW OOBEKT MCCNEAoBaHWMN,
MOMEYEHHBIA XKNPHOW YepPTOYKON. Krnacchl KpaTHbIX
BOJIH yKa3aHbl OyKBaMu 1 CTPENKamu.

Figure 5 Inline cross section through 3D volume
showing primary target zone, indicated by the thick
arrow. The classes of multiple are indicated by letters
and arrows.
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B PA3BEOKA

Ha Puc. 4 n 5 nokasaHbl CENCMMHECKNE paspesdbl OT
MapLLPYTOB, NMOKa3aHHbIX HA KapTe BPEMEHN ABOVHOIO
npobera npu OTPaXKEHUM OT MOPCKOro aHa. Puc. 4
npeacTaBnsaeT cobo pa3pe3 NEPreHaNKYNAPHO INHUAM
npvema Maccusa 3D B MeCTe, NoKa3aHHOM MyHKTUPHOM
HYEePHOW IMHMEN. MOXKHO OLEHNTE CIOXHOCTL pefibeda
OHa o Hemy. Puc. 5 npeactaBnsieT cobol paspes BAOb
JTMHWM HABMIOOEHNST B MECTE, MOKa3aHHOM YepPHOM
MYHKTUPHOW HMEN. OCHOBHOM 06EKT UCCNEA0OBaHW
rnoKasaH »MPHOW ABOVHOM YepTo4kor. OObeKT
MCCneaoBaH CKPbIT CNEAYIOLLMMN YETbIPbMSA OCHOBHBIMI
Knaccamu KpaTHOM SHepruu:
A) MepBsas kpaTHas BOSIHa OT AHA PE3KO MEHSETCH
B MeCTe YABOEHUSI ABOMHOIO BpeMeHM npobera npu
OTpa>keHnn OT aHa
B) KpaTHas BosiHA PE3KO MEHAETCS OT BOSIHbI,
HaxoOsLencst cpasy nog, 4HOM Mopst
C) KpatHble andpakLmm 1
D) PaccesHHan aHeprna KpaTHbIX BOSH.

13-3a xapakTepa penbeda aHa, BCe KpaTHble BOMHbI
mvetoT 3D n3obpaxeHne 1 MOryT NOHOCTBIO MOAABNATLCA
TOJIbKO MPW NCMONB30BaHNN CXeMbl MPOrHoO3nPOBaHNA 3D.
Puc. 9 npencTaBnseT cobon yBEMMHEHHOE N30OPaKEHME
Puc. 5 Ha y4acTke, rae NpycyTCTBYET SHEPIUA KPaTHbIX BOJTH.

3D aHanu3 KpaTHLIX BONH U NapaMeTpu3auua

ANA NPorHo3vposadnA KPaTHbIX BOJH

Kak 6bIno ykasaHo BbllLe ans metoga 3D GSMP, modenb
KpaTHbIX BOMH [/151 KabKAOW Tpacchl 0ObeKTa UCCneaoBaHmin
MPOrHO3MPYETCA MyTEM PacHeTa BbIOOPKM TPaCe Mo
MHOXECTBEHHBIM (hakTopam (MCG). TexHmn4eckoe onmcaHne
TOrO, KaK 3TO AOCTUraeTCs, He BXOOMT B 33434y AaHHOW
ctartbi. [ns yaratenei, MHTEPECYIOLLIMXCA TEXHNHECKMMI
MoAPOBHOCTAMM, HVXKE OaHb! CChITKM.

[1Ba OCHOBHbIX NMapameTpa, BAUSIOLLIMX Ha Ka4eCTBO
MPOrHO3MPOBaHNS KPaTHbIX BOSH — STO MJIOTHOCTb
ovckpeTnsauum B pamkax MCG 1 lnpyHa anepTypbl
nepneHanKynsapHoO avHuK nprema. Oba napamMeTpa Takxke
BSIMSKOT HA CTOVMMOCTb BbIMOJSIHEHNST MPOrHO3UPOBaHUS
KpaTHbIX BOJH, 1 UX HEOOXOAMMO NOABMPaTh TLLATENBHO,
YTOObI MOMYYUTb PESYNbTAT, KOTOPbIA ABNSETCS
npaBUbHbIM C FTEOU3NHECKON TOHKN 3PEHNS, HO TakKe
COOTBETCTBYET (hMHAHCOBbIM MapamMeTpaMm MpoeKTa.

Ha Puc. 6, 7, 8 1 9 Mbl NoKa3biBaeM HyBCTBUTENBHOCTb
MPOrHO3MpPoBaHNS KpaTHbIX BoNH 3D GSMP k Benn4nHe
anepTypbl NEPNEHOUKYNAPHO IMHUN NpremMa. Puc.

6 NokasbIBaeT AaHHble O 06PabOTKN C MOMOLLIO
3DGSMP, a Puvic. 7 nokaabiBaeT npumeHeHne 3D GSMP
npw anepTtype pasHo 500 M — HECMOTPS Ha TO, YTO
3Ha4UTENBHAsA YacTb SHEPrUM KPAaTHbIX BOSIH Obl1a
rnofdasreHa, HO HEKOTOpas SHEPIUst KPAaTHbIX BOSIH BCE
e ocTaetcs. Ha Puc. 8 6bina npumeHeHa anepTypa
nepneHavKyApHO MHUK npuemMa, pasHas 1000 Mm, 1

30 | ROGTEC

headed arrow. The target is obscured by four main classes

of multiple energy

A) The first waterbottom multiple bounce at twice the two-
way-time of the waterbottom

B) Multiple bounces from the event just below the seabed

C) Multiple diffractions and

D) Scattered multiple energy.

Because of the nature of the waterbottom, all the multiples
have 3D expression and can only fully be attenuated
through a 3D prediction scheme. Figure 9 is a zoomed

in view of figure 5 around the area contaminated by the
multiple energy.

3D Multiple analysis and parameterisation

for prediction of multiples

As indicated above for 3D GSMP, the multiple model for
each target trace is predicted by computing a Multiple
Contribution Gather (MCG). The technical description of
how this is achieved is beyond the scope of this article. For
readers who are interested in the technical details please
see references below.

Puc 6 HacTtb cymmapHoro paspesa
KpaTHbIX BOJSTH
Figure 6 Detail of stack section before multiple attenuation

OaBIeHNA

The two main parameters effecting the quality of the
multiple prediction are the density of sampling within an
MCG and the crossline aperture width. Both parameters
also impact the cost of the multiple prediction and must be
selected carefully, to achieve a result that is geophysically
correct but also meets the financial constraints of the
project. In Figures 6, 7, 8 and 9 we demonstrate the
sensitivity of 3D GSMP multiple prediction to the crossline
aperture. Figure 6 shows the data before SDGSMP, in
figure 7 3D GSMP is applied using an aperture of 500 m

- although a significant portion of the multiple energy has
been attenuated some multiple energy remains. In Figure
8 a crossline aperture of 1000 m has been used which

has resulted in significantly more multiple energy being
attenuated. The results of Increasing the aperture width to
1500 m, as shown in Figure 9 does not significantly improve
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B PA3BEOKA

3TO NMPUBENO K NOJABAEHMIO 3HAYUTENBHO 60sbLIEro
KONMMYECTBA 3HEPIUN KPaTHbIX BOSH. [pn yBen4eHn
LUMpKHBI anepTypbl Ao 1500 M, kak nokasaHo Ha Puc. 9,
5TO HE BbI3BAIO CYLLIECTBEHHOE YITy4LLIEHWE MOAABIEHNS
KpaTHbIX BOSH. TECTUPOBaHME MOKA3aJT0, HTO 3IEMEHT JIHAM
MEPMEHAMKYNSPHOM JIHM MpYeMa KPaTHOM BOSTHbI HAXOOUTCS
B Mpeaenax 1000 M B MIOCKOCTV OTPabOTKU B HAMpPaBNeHM
mHM cygHa. LLinpuHa anepTypbl nepneHavkysapHO
InHK Nprema semymHor 1000 M Bbina BbibpaHa ans
NPOrHO3MPOBaHMA KPaTHbIX BOH HA JJAHHOM y4acTKe.

MCG co3garoTca 1 CYyMMUPYHOTCA AN KaKAOM
HEMPOCYMMMPOBAHHOW TPACChl CbEMKM, MOAENMPYA
TEM CaMbIM KPaTHbIE BOJSTHbI, KOTOPbIE BbIMUTAOTCS
13 BBOOVMbIX A@HHBIX C UCMOMb30BaHNEM
cpenHeKBaapaTN4HOro aganTyBHOMO METoA.

Moxxet nu BapnanT 2D pewuTb Npo6nemy?
Peaynbtathl npumeHeHrs 3D GSMP 6binn conocTaBneHbl
¢ nogasnerHnem nomex metogom 2D SRME. Mepen,
npumeHeHem metoga 2D SRME gaHHble Gb1n
VHTEPMNONMPOBaHbI, YTOObI CUMMETPUHHO OTPEryMpoBaTh
paccTosHme mexay 1B 1 Ml Ha yposHe 12,5 M. [aHHble
ObIn TakKe SKCTPaNOIMPOBaHbI Ha LIEHTPaITbHBIA iy,
4YTOObI 06ECNEYNTb OTPaKEHNE OT MOPCKOro AHa Mo
LEHTPasTbHOMY JTy4y, YTO SBSeTCA TpeboBaHneM MeToaa
2DSRME. Pwuc. 10a, 11a n 12a nokasblBakoT CyMMapHble
paspesbl, a BpemMsa 06paboTaHO METOAOM OKHa Ha y4acTKe,
NPEACTaBNSOLLMM UHTEPEC, OO 1 Nocne NpuMeHeHus 2D
SRME 1 3D GSMP. PucyHkn 11b 1 12b nokasbisatoT
Pa3HULY MeXXy CyMMUPOBaHWEM [0 NMOAABNEHNS KPATHBIX
BOJH 1 NOCSE NOAABNEHNSA KPaTHbIX BOSIH METOAAMM
2DSRME (Puc. 11b) n 3D GSMP (Puc. 12b).

o N

Puc 10 Pa3pes BOonb NMMHWM HabtoaeHnst Nepeq,
MOAABAEHEM KPaTHbIX BOH. Knacchl KpaTHbIX BOSH
yKasaHbl B MpuMedaHnn A) Pe3koe nameHeHve y aHa,
B) KpaTtHas BosiHa OT HErymy6oKoro oTpaxkaroLLero
ropusoHTa, C) dudparpoBaHHas KpatHas BOSHA U
D) PaccesiHHast sHeprs KpaTHbIX BOSH.

Figure 10 Inline section before multiple attenuation.
The classes of multiple are annotated A) Waterbottom
bounce, B)Multiple from shallow reflector, C) Diffracted
multiple and D) Scattered multiple energy.
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Puc 7 CymmapHbIi pa3pes nocse npumeHeHns 3D
GSMP ¢ anepTtypont LwnpuHon 500 m

Figure 7 Stack section after 3D GSMP run using an
aperture width of 500 m

-
e

Er CiaSa i

Puc 8 CymmapHbii pa3pes nocne ncnonb3osaHnsa 3D
GSMP ¢ wupuHow anepTypbl 1000 M

Figure 8 Stack section after 3D GSMP run using an
aperture wi

Puc 9 CymmapHbii paspes nocse npumeHeHns 3D
GSMP ¢ wupurHon aneptypbl 1500 M

Figure 9 Stack section after 3D GSMP run using an
aperture width of 1500 m

the level of multiple attenuation. The test indicate that the
crossline component of the multiple lies within 1000 m of
the plane of the sailline direction. A crossline aperture width
of 1000 m was selected predict the multiples in this area.
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EXPLORATION M

Puc 11a Pa3pes ¢ nogaBnieHnemM KpartHbIx BOSIH C
npumMeHeHveM 2D. KpaTHble BOHbI MEPBOrO Nopsiaka
B OOMbLLEN CTENEHV NoAaBNeHbl, KOOME KpaTHbIX BOJH
Ha menkoBoapke (B), andpakumn (C) n octatoHHas
paccesiHHast aHeprus KpaTHbIX BosH (D) He nogaBneHa,
Tak Kak oHV 3D Mo NPOCTUPaHMIO 1 HE MOTYT ObITb
OLIEHEHBI MO AaHHbIM 2D.

Figure 11a Section with 2D multiple attenuation.

The first order multiple has been largely attenuated multiple
but the multiple from the shallow event (B) , diffractions (C)

and residual scattered multiple energy (D) have not been
attenuated because they are 3D in extent and cannot be
estimated from 2D data.

Puc 12a Pa3pes ¢ nogaBneHnem KpatHbIX BOSH

rno 3DGSMP. Bce knaccbl KpaTHbIX BOSIH YCMELLHO
NMoAaB/eHbl, BbISBUB OAHOKPATHBIE BOIHbI MOL, HAMM.
Figure 12a Section with 3DGSMP multiple attenuation.
All multiple classes have been successfully attenuated
revealing primary energy beneath.

Pesynstatsl npumMeHeHnst 2DSRME nokasaHel Ha Puc. 11 1
OEMOHCTPUPYHOT, YTO PE3KME USMEHEHNS MPN OTRAKEHN
OT [Ha NepBOro NMopsiaKa B OCHOBHOM Obl MOAABEHbI
mMeToaoM 2D, TeM He MeHee, SHEPIA KPaTHbIX BOSTH MK
OTPKEHMN OT Yy4aCTKOB BOMM3N AHA Obina NogaBneHa b
HYaCTNYHO 1 MO-MPEXHEMY CKPbIBAET 30HY UCCNEA0BaHMS.
Tam OCTaeTcst BCe ELLE 3HAHNTENBHOE KONMMYECTBO
OCTaTO4HON SHEPIM KPATHBIX BOJSTH B BUAE PaCCEAHHOM
SHEPIM KpaTHbIX BOSH 1 AUPaKLAN KPaTHbIX BOSH,
KOTOpble BapuaHT 2D He CMOr MOAENMPOBaTL U MOAABUT.
PesynbTathl npuMmeneHnst 3D GSMP nokasaHHble Ha
Pu1c.12 nokasbiatoT, 4To 3D GSMP ycneluHo nogasun u
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Puc 11b PasHocTb mexxay AaHHbIMK Ha Puc. 11(a)

C NoaaBfIEHNEM KpaTHbIX BOJSIH M0 2D 1 BBOAVMbBIMU
JaHHbIMUW, NokasaHHbIMY Ha Puc. 10.

Figure 11b Difference plot between data in figure 11(a) with
2D multiple attenuation and input data shown in figure 10.

(@c
NnoJaBNeHNEM KpaTHbIX BOSH Mo MeTody 3D GSMP un
BBOAVMbBIMW AaHHBIMW, MOKasaHHbIMK Ha Pruc.10.
Figure 12b Difference plot between data in figure 12(a)
with 3D GSMP multiple attenuation and input data shown in
figure 10.

MCGs are created and stacked for every prestack trace
in the seismic survey, giving a multiple model which is
subtracted from the input data using a least-squares
adaptive subtraction technique.

Gan a 2D approach solve the prohlem?

The results from 3D GSMP were compared against 2D
SRME multiple attenuation. Prior to 2D SRME the data
were interpolated to give a symmetrical shot and receiver
spacing of 12.5 m. The data were also extrapolated to zero
offset to provide a waterbottom reflection at zero offset
which is a requirement of 2DSRME. Figures 10a and 11a
and 12a show stack sections, time windowed over the
zone of interest, before and after application of 2D SRME
and 3D GSMP. Figures 11b and 12b show difference
plots between the stack before multiple attenuation and
after multiple attenuation with 2DSRME (figure 11b) and 3D
GSMP (figure 12b)

The 2DSRME results shown in Figure 11 reveal that the first
order waterbottom bounce has been largely attenuated by
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B PA3BEOKA

[OHHbIE KpaTHbIE BOJSTHbI W PaCCEesiHHYIO SHEPIO KPaTHbIX
BOJTH, MrEHEPUPOBAHHYIO CIOXXHBIMW HAHOCaMM Ha STOM
y4qacTke. DHeprst OAHOKPATHOrO OTPaXKeHWs!, CKpbITas

nona KparHbiMy BOSIHaMK, Oblna BbisBNEHA HGI'IO/J,&BJ'IGHHOI;I.

KpaTkuii 0630p

[MNopaBneHvie KpaTHbIX BOIH CTAHOBUTCS O4EHb
TPYOHbBIM, ECINN KPaTHbIE BOSTHBI FEHEPUPYIOTCA
CINOXXHbIM MO pefibedy AHOM. B fjaHHOW cTaTbe Mbl
MPOAEMOHCTPUPOBAN, HYTO Hall anroput™ 3D GSMP
yCMELUHO NOAABNS CNOXHbBIE KpaTHbIe BOSHbI 3D, KOTOpbIe
3aKpbIBa/IM OOBEKT VNCCENOBaHVA 1 MPELCTaBAANM
COBOW MPenATCTBME AN HTEPNPEeTaLMN CENCMNYECKINX
JaHHbIX. HeobXoaMMOCTb MPOrHO3MPOBaHNSA KPaTHbIX
BosH 3D Obina NoaTBep>KaeHa 06cneaoBaHEM
MOPCKOrO AHa AMarHOCTUHECKUMU CPEACTBaMU, 1 B
pesynbTarte npoBeaeHns aHamda MCG 1 npuMeHeHus
mMeTona 2D SRME. AHanna Mogenen KpaTHbIX BOSTH U
TECTOBbIX N300PaKEHMN MOKA3bIBAET, YTO AUdPaKLMM
KpaTHbIX BOJIH U paccestHHasi SHEPIrs KpaTHbIX BOSH
Obl1 yCreLIHO NodaBneHs! Npy MPUMEHEHUN HOBOMO
anroputma 3DGSMP. OcHOBHbIE NapamMeTpbl, KOTOpPble
CNefyeT y4nTbiBaTh NpW NOAABNEHNN KpaTHbIX BOMH 3D,
3TO anepTypa 1 NPOCTPaHCTBEHHASA OUCKDETU3ALNS B
pamkax nposedeHnst MCG. NepBbit HEOBX0aMM, YTOBbI
rapaHTnpoBaTh, 4To DRP NOBEPXHOCTHBIX KpaTHbIX
BOJIH HaxoauTca B npeaenax MCG, a BTOpOWn BabKeH
ONns NpegoTBpaLleHns anancuHra B npegenax MCG.
KOHTPOsIbHbIE TECTHI B (DOPME CENEKTUPRYEMOIN B3AUMHOM
KoppEenaLMm SBNSOTCS YA0OHBIM UHCTPYMEHTOM /15
MOLTBEPXXAEHNS PE3YIbTATOB.

Ecnu XoTUTE NOYMTATh YTO-TO eLLe Nno Teme

Ecnm Bbl xoTWTE O3HaKOMUTLCS C Bo1ee MOAPOBHbBIM
onvcanrem Metoga SRME v Hawero anroputva 3D GSMP,
TO obpaLLanTECh K HaM HaMPSIMYO. YKasaHHbIe HUbKe CTaTbu
N TEXHUYECKME AOKYMEHTbLI CoagpyKaT bosee NoapobHyHo
nHpopmaLmo o SRME v Hawen peanmsauin 3D GSMP:-

Moore, |, R. and Bisley, 2005,
3D surface-related multiple prediction (SMP): A case
history: The Leading Edge, 24, 270-274.

Moore, I. and Dragoset, W.H.[2008]
General Surface Multiple Prediction (GSMP): A Flexible
3D SRME Algorithm. EAGE Expanded Abstracts.

bnaropapHocTb

Mbl 6narogapym KoMnannio HYepHoMopHedTeras 3a mnx
Ntobe3HOE pas3peLLeHre OnyBIMKOBaTb AaHHYHO CTaTbHO.
Mbi Takxe npusHaTenbHbl Bunny dparoceTy (Bill Dragoset)
n Oosuay Xuvnny (David Hill) n3 komnaHum WesternGeco

3a NpeaoCTaBeHHbIE MNMKOCTPALMM K OaHHBIM, & UMEHHO
Puc. 1 n 2, a Takke 6narogapym 3aa lNanmepa (Ed
Palmer) ns komnanum WesternGeco 3a ero nomMoLLb B
pPefakTUPOBaHNM OaHHOW CTaTby.
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the 2D approach, However the multiple energy from the
near seabed reflectors has only been partially attenuated
and still obscure the target zone. There is also a significant
amount of residual multiple energy in the form of scattered
multiple energy and multiple diffractions which the 2D
scheme has been unable to model and remove.

The 3D GSMP results in Figure 12 shows that 3D
GSMP has successfully removed both the water-
bottom multiple and the scattered multiple energy
generated by the complex overburden in this area.
The primary reflection energy underneath the multiple
has been revealed, un-attenuated.

Summary

Multiple attenuation is very challenging when the multiples
are generated from a complex waterbottom. In this article
we have demonstrated that our 3D GSMP algorithm

has successfully attenuated complex 3D multiples

which obscured the target zone and were a barrier to
detailed seismic interpretation. The need for 3D multiple
prediction was confirmed by inspection of the waterbottom
diagnostics and through both MCG analysis and 2D SRME
trials. Analysis of the multiple models and diagnostic plots
show that multiple diffractions and scattered multiple energy
have been successfully attenuated through use of the new
3DGSMP algorithm. The key parameters to be considered
during 3D multiple attenuation are aperture and spatial
sampling within an MCG. The former is required to ensure
that the DRPs of the surface multiples fall within the MCG,
the latter is important to prevent aliasing within an MCG.
Verification tests in the form of gated cross correlations are
a useful tool for validating the results.

Suggestions for further reading

If you would like a more detailed description of SRME
and our 3D GSMP technique please contact us directly.
The following articles and technical papers contain more
details about SRME and our implementation 3D GSMP:-

Moore, I, R. and Bisley, 2005,
3D surface-related multiple prediction (SMP): A case
history: The Leading Edge, 24, 270-274.

Moore, I. and Dragoset, W.H.[2008]

General Surface Multiple Prediction (GSMP) — A Flexible
3D SRME Algorithm.

EAGE Expanded Abstracts.
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MeXxayHapoaHaa KOMnaHMA no
OKa3aHMI0 UHXKEHEPHO-TEXHUYECKMNX
KOHCY/IbTaUMOHHbIX YCAYyr

MnaHuMpoBaHMe M TeXHUUYECKasa NpopaboTKa NPOEKTOB ©
O6ecneyeHne 3KCrn/lyaTauMoOHHOM HaAEeKHOCTU OCHOBHbIX
¢oHAoB * MoBbileHMe NPOM3BOACTBEHHbIX MOKa3aTesien
¢ TeXHUYECKUM KOHTPOJIb

KomnaHnua Advantica, Bxogdwasa B rpynny GL, oka3blBaeT KOMMIEKCHble
MH}EHEPHO-TEXHWUYECKME KOHCYJIbTaUMOHHbIE YC/YrH, BbINOJHAET NPOEKTHO-
KOHCTPYKTOPCKME paboTbl M MpeAoCTaB/ifAET MpOrpaMMHble MPOAYKTHI,
npeAHasHayeHHble ANS  MOBLIWEHMSA 3SKCMJyaTaUMOHHOM HAZEXKHOCTU U
NPOM3BOACTBEHHbIX MOKA3aTeNel BaKHEMLWMX O6BEKTOB, OTHOCALLMXCA
K OCHOBHbIM (hoHAAM npeanpuATMM HedTerasoBoM oTpaciM. B TeueHue
6onee yem 30 net KoMnaHus Advantica coTpyaHu4ana C NpeanpusaTUSAMM B
cdepe 6e30nacHOro0 COKpalleHMA 3aTpaT, ONTMMM3aLMM MPOM3BOACTBEHHBIX
noKasaTtesiel M NpoA/IEHMA CPOKa CIY*6bl OCHOBHbIX (hOHZOB.

HepaBHee ciusHMe Komnauum Advantica ¢ nogpasgeneHvem Germanischer
Lloyd no o6cny»kmBaHUIO NPOM3BOACTBEHHbIX MPEANPUATUIM NPUBEJIO K CO3aHUIO
KOMMaHWM MEXAYHapOAHOIo MacluTaba, umetollen 6onee 205 otaeneHmi B 75
CTpaHax Mupa M 06/1aJaloWeN OMbITOM M BO3MOXKHOCTAIMM MpeAoCcTaB/eHus
YC/IYr, KOTOPbl€ OXBaTbiBAOT BECb CPOK 3KCrJlyaTauMM OCHOBHbIX (POHZOB.
He3aBMCHMMbIM CTaTyC KOMMaHWM MO3BOJISIET €M MPejoCTaBiATb 3aKazuMKam
06bEKTUBHBIE PEKOMEHAALMM U COAENCTBUE.

3a AOMNONHMUTEIbHOM MHOPMALIMEN crieslyeT obpallaTbcs Mo agpecy:

Advantica Ltd Ten.: +44 (0)1509 282525
Holywell Park, Ashby Road, Loughborough dakc: +44 (0)1509 283131
Leicestershire, LE11 3GR, UK
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MoBblWeHMe 3KCnayaTaLuUMoHHOM
HaZle’KHOCTM OCHOBHbIX (DOHA0B

COBMECTHO C B/iaZie/IbLiaMM Mbl 3aHUMaeMcs
pa3paboTKOM M peasiM3aumen Ha MX 06 bEKTAX

W TpybOonpoBoOAax NporpaMm obecnevyeHus
3KCMJlyaTaUMoOHHOM HAZIEXKHOCTM OCHOBHbIX (POHZ0B.

Hawwa KomMnaHu1s BbINO/HAET cliesytolpe paboTbl,
HanpaBJieHHble Ha o6ecrneyeHre 6e30MacHOCTU
TEXHOJIOrMYECKMX NPOLLECCoB:

« AHaIM3 6e30MacHOCTU Ha YPOBHE OpraHM3aLmn
» Paspa6oTKa NporpaMMm CHUXKEHWA p1CcKa

« MpoBepKM ¢ BbifBIEHUEM (DAaKTOPOB pUCKa

» Ko/iMyecTBEHHbIM aHa/IM3 pUCKa

« Paspa6oTKa MHCTPYKLMI MO NpeaynpexKAeHHIo U
JIMKBMZALMM YPE3BbIYaMHbIX CUTyaLMM

Aapec 3/1eKTpoHHOM nouThl: info.uk@advanticagroup.com
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