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maging in deep water environments poses a specific set
of challenges, both in the data pre-conditioning and
the imaging. These challenges include scattered com-
plex 3D multiples, aliased noise; and low velocity shallow
anomalies associated with channel fills and gas hydrates.
In this paper, we describe our approach to tackling
these problems, concentrating our attention on multiple
suppression, scattered noise attenuation, iterative velocity
model building and depth imaging.

Deep Water Issues

Off the east coast of India, the transition from the
shallower coastal waters to the deep shelf often encoun-
ters significant topographical variation in the sea bed,
which gives rise to numerous effects which must be
dealt with by the processing geophysicist. In addition
to deep channels and steep slopes, we also encounter
buried channels with low velocity fills and gas hydrates.
Diffracted and “out-of-plane” multiples are the norm in
these environments (Stewart, 2004), and must be dealt
with in order to subsequently derive a reliable velocity
model in order to deliver an acceptable structural image
(Stewart et al, 2006).

To address multiples, differential velocity based meth-
ods such as Parabolic Radon have often been used in deep
water. To some extent, the problem of aliasing of the mul-
tiples on far offsets can be addressed either by interpola-
tion and/or use of a de-aliased (“beam”) Radon transform.
However, Radon-based techniques fail for complex mul-
tiples, as the apex of the events in the CMP domain does
not fall on zero offset for ray paths not in the plane of the
shot-receiver axis. In these cases, an alternative method
must be employed.

In recent years, the SRME technique has become popu-
lar in deep water. Near offset multiples in particular are
better attenuated than with Parabolic Radon technique.
Cascading 2D SRME and Radon has become an industry
standard approach. However, the complexity of the mul-
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OCTPOCHHUE HU300pPAKEHUH B INTyOOKOBOJHOI Cpefie

CBA3AQHO C LIEJBIM PSAAOM CHEIU(PUYIECKUX MPOOIEM

KaK B 00JI1aCTH IIPEIBAPUTEIBHON 0OPAOOTKU JJAHHBIX,
TaK U B 007aCTH COOCTBEHHO mnocTpoenust. K atum mpobire-
MaM MOKHO OTHECTU PACCETHHOCTb CIOKHBIX KPATHBIX BOJIH
3D, cMENIEHHBIE IYMBI 1 HU3KOCKOPOCTHBIE MAJIOTTyOMHHBIE
AHOMAJIMH, CBSI3AHHBIC C 3aII0JIHEHUSMH KaHAJIOB U I'A30BBIMU
I'H/IPATAMH.

B Hacrosmiei padore NpeicTaBIeH Halll IOAXO, K pele-
HUIO YIOMSHYTBIX IPOOJIEM, U 0COO0€ BHHUMAHHUE YAE/ISIETCS
TAKUM ACIEKTaM, KaK IIO/IaBJICHUE KPATHBIX BOJIH, OCIA0/IEHUE
PACCESTHHBIX IIYMOB, CO3JAHHE HTEPATHUBHBIX CKOPOCTHBIX
MOJIEJIEN 1 IOCTPOEHHE ITTYOMHHOTI'O H300PAKEHHUS.

[1TlYOOKOBOOHbIE YCIOBVA

B npubpexHBIX BOAAX BOCTOYHOIO Iob6epexbs NHauu,
IIPU IIEPEXO/IE OT ITOOEPEKHOTO MEIKOBO/JbS K ITTYOOKOMY
menabdy, 4acTo BCTPEYAIOTCA 3HAYUTEIbHBIE TONOIpaduyaec-
KHE M3MEHEHHS MOPCKOTO JHA. DTU HU3MEHEHHS BbI3BIBAIOT
MHOKECTBO MOCJIEJCTBUIH, C KOTOPBIMH IPUXOJAUTCSA CTAIKU-
BaTbCA reoU3NKaM-06padboTynkam. IToMHUMO INTyGOKUX KaHa-
JIOB U KPYTBIX CKJIOHOB, TaM TAaKK€ BCTPEUAIOTCH CKPBITHIE
KaHJIBl C HU3KUMH CKOPOCTAMHU B 3AIIOJTHEHUAX U I'A30BBIX
rugparax. OTpakeHHbIE 1 OOKOBbIE KPDATHBIE BOJIHBI IIPE/ICTAB-
JIAIOTCA HOPMAJIBHBIMU SIBJICHUSMHU B 3THUX yCIOBUAX (Stewart,
2004 ropm). VIIOMSIHYTBIE SIBJICHUS O0S32TEIbHO JOJDKHBI aHA-
JIM3UPOBATHCS C TEM, YTOOBI BIIOCJIEACTBUH CO3/IATh HAJICKHYIO
CKOPOCTHYIO MOJE/Ib U Ha €€ OCHOBE IIOCTPOUTH IIPUEMIIEMOE
CTPYKTYypHOE n306paxenue (Stewart u gp., 2006 rox).

g pemeHUs MMPOOJIEM, CB3AHHBIX C KPaTHBIMH BOJI-
HaMH{, Ha OOJIBIIUX [NyOMHAX YaCTO HCIIOIB3YIOTCS METO/IBI,
OCHOBaHHBIE Ha AU(PEPEHITHATEHBIX CKOPOCTIX, HAIIPUMeEP,
meTton Parabolic Radon. B omnpeaenenHon crenenu, mpoodie-
Ma 3MCHUHIA KPATHBIX BOJH HA MAKCUMAJIbHBIX YJAJECHUAX
MOJKET PEmIaThCs IPU MOMOIIM HHTEPHOJALNUA W/WIH IIPU
nomomy npumeHenus (“Beam”) mpeo6pazoBanus Pagona.
Mertoasl Pamona, ogHAKO, HE CPaObATHIBAIOT B OTHOIIEHUH
CJIO’KHBIX KPATHBIX BOJIH, TaK KaK BEPXHSASA TOYKA COOBITUH B
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tiple generator and “out-of-plane” effects can severely
limit even this combination.

With the advent of 3D SRME, a theoretically more
correct approach has become available, and here we
demonstrate its effectiveness as compared to the “con-
ventional” approach.

In Fig. 1, we show data sorted to CMP gathers after
application of the SRME technique (which is applied to
shot gathers). We compare results from 2D SRME with
those from 3D SRME. Complex ray-paths for the first
sea-bed multiple and associated sedimentary layers, give-
rise to a shifted-apex aspect to the moveout behaviour
as seen in the CMP domain. Following either 2D or 3D
SRME, additional de-noise techniques can be applied to
deal with the aliased noise and other classes of noise.

In Fig. 2, we show the comparison as a QC stack
(prior to 3D preSDM). Fig. 2 (top) shows the 2D SRME,
where we see a swath of noise sitting over an area of
interest (a major unconformity). This remnant multiple
energy will be spread around during migration and will
be difficult to remove at that stage. Conversely, following
3D SRME (bottom), the QC stack is mainly free of this
multiple contamination.

Velocity Model Building & Pre-Stack Depth
Migration

In an environment with punctual discontinuous
velocity anomalies, such as those associated with nar-
row channel fills or gas hydrate accumulations, a purely
layer based velocity model will be inadequate (Jones,
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C NOCTPOEHUE U3OBEPAXXEHUM

@ Fig. 1. Example deep water CMP gathers with the 2nd order NMO. Top:

After application of 2D SRME. Bottom: After application of 3D SRME.
Maximum offset is 6,000 meters.

@ Puc. 1. Mpumep rny6okosoaHbix ceiicmorpamm OCT ¢ BeeseHHbIM NMIO 2-
ro nopspka. Ha cHumke BBepxy: nocne npumeHeHust metoaa 2D SRME. Buusy:
nocne npumeHeHus metoaa 3D SRME. MakcumanbHoe yaanenue - 6 000 m.

o6mactu OCT He IONAAaeT HU HA LEHTP TPAEKTOPUH JIydd, HU
B IUIAaH OCH <«UCTOYHHK-TIpDUEM». B 3TUX CJIy4asx HEOOXOAUMO

BOCITIO/IB30BATHCA AJIBTCPHATUBHBIM METOJOM.

IIpUMEHUTENBHO K ITTyOOKOBOJHBIM YCJIOBHSAM, B IOCTE]-
HHE Io/ibl OMYYHI pacupocTpanenue meroj SRME. B vactHOC-
TH, 9TOT METO/I IIO3BOJIAET JOOUTHCA JIyYIIEro ITOAABIECHUS KPaT-
HBIX BOJIH Ha HEOOJIBIIUX YAAJIEHUAX IO CPABHEHHIO C METO/IOM
Parabolic Radon. Kackaguposanue metoos 2D SRME u Radon B
HACTOSAIIEE BPEMSI YK€ CTAJIO OTPACJIEBBIM CTaHAapTOoM. OIHAKO
CJIOKHOCTH, CBSI3AHHBIE C KPATHBIM MCTOYHHKOM, U «0OKOBBIC»
3(P@dEeKTBl MOTYT CHIBHO OTPAHUYHUTH I'DAHUIIBI IIPUMEHEHUS

JIa’Ke TAKOM KOMOMHAIIMH.

Buegpenue 3D SRME 03Ha4a/10 MOABICHUE TECOPETUYECKU
60Jiee NMPABUIBHOIO NMOAX0[4, 3((MEKTUBHOCTb KOTOPOIO, II0
CPaBHEHHUIO C €rO «CTAHAAPTHBIM» IPEAIICCTBEHHHUKOM, MBI

HaMEPEHBHI IIPOJIEMOHCTPUPOBATS.

Ha puc. 1 npeacrasiaeHbl JaHHbIE, OTCOPTUPOBAHHBIE IO
OCT mnocie ucnonb3oanusg Meroga SRME (mpumeHsIomerocs
K cericMorpammam OTB). 3gech MbI CPAaBHUBAEM PE3YAbTATHI 2D
SRME c¢ pesynbraramu 3D SRME. Ci1oXHBIE TPAEKTOPUHU JIy4dad
110 IIEPBOH BOJHE OT MOPCKOTO IHA ¥ COOTBETCTBYIOIUX CJIOEB
OCaIOYHBIX ITIOPO/I IMIPUBEIN K CMEIEHHUIO BBICHIEH TOUKH PEXKU-
Ma IPUPALMEHUS BPEMEHH, KAK 3TO IIPOCIEKUBAETCA B 001ACTH
OCT. Bcaneg 3a merogom 2D SRME unu 3D SRME, MOTYT UCIIOJIB-
30BaThCS JOIOJHUTEIbHBIE METO/IbI ITIOHMKEHUA IIPUMEHHUTEIb-

HO K CMEIIAHHOMY LIIYMY H/IH ITyMaM HHOTO KI4cca.

Ha puc. 2 cpaBHEHHE IPEJCTABICHO B BHJE KOHTPOILHO-
ro cyMMapHOro paspesa (nepeg 3D pre-SDM). Puc. 2 (BBepxy)
TIOKA3bIBAET PE3YAbTAT IpUMEeHEeHNA MeToga 2D SRME; 31€Ch MBI
BU/JUM IIOJIOCY ITyMOB HAJ| Y4aCTKOM HMCCIEAOBAHUA (KPYITHOE
HECOITIACHE). DTA OCTATOYHAA SHEPIUA KPATHBIX BOJIH PACCEET-
Cs1 BO BpeMsI MUI'PALIH, U HA JAHHOM 3TaIll€ MOI'YT BO3HUKHYTh
3aTPyJHEHUS C ee yaaneHueM. 1 Ha060poT, IPH UCIIOIb30BAaHUH
meroga 3D SRME (BHHM3Y), KOHTPOJbHBIN Pa3pe3 B OCHOBHOM

CBOOOJIEH OT YIHOMAHYTOI'O KPATHOI'O 3aCOPCHUA.

[TOCTPOEHME CKOPOCTHOW MOLAEM U TTYONHHAS
MUIPaLMA 10 CYMMMPOBaHMS

B cpene ¢ TOUYEYHBIMH IIPEPBIBUCTBIMH CKOPOCTHBIMHU
AHOMAJIVSIMU, HAIIPUMeEpP, CBA3AHHBIMHU C Y3KUMHU KaHAJIbHBIMHU
3aIIOJTHEHUAMH WIM AKKYMYJISIIIMAMH I'a30BOTO THAPATA, IOC-
JIONHAs CKOPOCTHASI MOJIE/Ib MOXKET OKa3aThCSI HEJTOCTATOYHON
(Jones, 2003 roxn). Janee, IpUMEHEHUE TOABKO CETOYHOIO IIOJ-
XO/JIa TAKKE MOXKET OKa3aTbCsl HeaddekTuBHbIM (Jones u Jp.,

2007 rox).

B atom npoekre (Sangvai u gp., 2008 rog) MbI HCIIOIB30-
B TUOPUTHO-CETEBOI METOJ, B KOTOPOM CKOMOHHHPOBA-
JI1 OOBIYHYIO CETOYHYIO TOMOIPadHIO, aBTOMATHYECKU BBIJIE-
JIEHHBIE CJIOU U CJIOU IMOAPOOHOHN PYYHOH HHTEPIPETALHU.
HauanpHas CKOPOCTb HHTEPBAIOB IMyOUH ObLIA B3Ta 110 CKOPO-
CTH CYMMHUPOBAHUS BPEMEHH (CITIAKEHHAS U IIPEOOPAZOBAHHAA
B MHTEPBAIbHYIO CKOPOCTD), 4 MOPCKOE JTHO OBLIO BBIIEJIEHO 110
CKOPOCTH MUI'PAIIMH B ITYOMHHOH 00JIACTH U BBEJIEHO B UCXO/I-

HYIO MO/IC/Ib B KAY€CTBE ABHOI'O C/IOA.
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2003). Furthermore, a purely gridded approach may also
encounter problems (Jones, et al, 2007).

In this project (Sangvai et al, 2008), we used a hybrid-
gridded approach, where we combined conventional grid-
ded tomography, high resolution gridded tomography,
auto-picked layers, and detailed manually interpreted lay-
ers. The initial depth interval velocity was derived from the
time-stacking velocity (smoothed and converted to depth
interval velocity), and the water bottom was picked from a
water-velocity depth migration and inserted in the initial
model as an explicit layer.

Following this, several iterations of gridded tomo-
graphic model update were performed. This involves run-
ning an autopicker (in this instance based on plane-wave
destructors - Claerbout, 1992; Hardy, 2003) on densely
sampled CRP depth gathers, and inputting the autopicked
velocity errors and dip information to the gridded tomo-
graphic 3D solver.

For gas hydrate accumulations, we relied primarily
on high resolution gridded tomography, and were able to
resolve small-scale velocity features with Vi~ 1,250 m/s,
compared with the background sediment velocities of
~1,600 m/s. For detailed narrow channels, we relied on

@ Fig. 2. Top: Stack following application of 2D SRME.

Bottom: Stack following application of 3D SRME.

@® Puc. 2. Beepxy: cymmapHblil pa3pe3 npu npumeHesun 2D SRME.
BHu3y: cymmapHbliii pa3pe3 npu npumeHenun 3D SRME.

Jlasee OBLIO NPOBEACHO HECKOIBKO HTEPAIIUI OOGHOB-
JIEHUsI CETOYHOH ToMOorpaduyeckoii mojenu. Kak mpasuio,
3TO CBA3aHO C NPHUMEHEHHEM IIPOLEAYPhI ABTO-IIUKHHIA (B
HACTOSAIIEM IIPHUMEPE HA OCHOBE NOAABIEHU IJIOCKMX BOJIH —
Claerbout, 1992 roa; Hardy, 2003 rox) Ha ceticmorpammax OTIT
IUIOTHOM JAMCKPETU3AITUH, U C BBOJOM IIOI'PENIHOCTEN B OlIpe-
JIeJIEHUU CKOPOCTEH IIPU IIOMOIIIN aBTO-IIMKUHIA U UH(pOpMa-
LIMH O HAKJIOHE B CETOYHBIN TOMOI'PA(UIECKUH aITOPUTM 3D.

YTO KaCaeTCA AKKyMYJIAIIUI rAa30BOI'0 THAPATA, TO MBI IIpe-
JKJI€ BCETO I10JIATaJIUCh HA CETOYHYIO TOMOIPA(HIO BBICOKOI'O
paspelmeHnss U UMEJIN BO3MOXKHOCTb PA3JIMYUTh CKOPOCTH B
MEJIKOMACHITaOHBIX OObeKTax npu Vi~ 1 250 m/c, 1o cpas-
HEHHIO CO CKOPOCTAMH B (DOHOBBIX OCQ/IOUYHBIX OTIOKEHUIT
— 71 600 M/c. OTHOCUTEJIPHO JETAJIbHBIX Y3KUX KAHAJIOB, MbI
I10JIATATTUCh HA PYYHYIO HHTEPIIPETAINIO BEPXHUX U 6A30BBIX
KaHAJIBHBIX OO'BEKTOB U PE3Y/IbTAThl CKAHUPOBAHUSA IIOTEHITU-
AJIBHBIX CKOPOCTEH B KAHAJIBHBIX 3aIIOTHECHUSAX.

Ha puc. 3 nokasaH NepBbId KWIOMETP JAHHBIX PAAOM C
MOPCKHM JTHOM, IJI€ MBI IOIPOOHO pacCMaTPUBAIN BpE3aHHbIE
KaHBOHBI, 4 TAKKE HEKOTOpbIE HEOOJbIINE JIOKAIU30BAHHBIE
KaHaJIbl HEIIOCPEJCTBEHHO IIOJ] MOPCKUM JHOM. DTU KaHAJIbI
CIIOCOOCTBYIOT CHJIBHOMY HCKKCHHIO ITIOHIDKEHUS U300pasKe-
HUA NOACTHIAIOMMX OCAJOYHBIX OTIOKEHUH U3-32 UX HU3KOC-
KOPOCTHOTO 3aII0IHEHHU. EC/1i 6bI MBI HCIIO/IB30BAIN MOJETb C
IJIABHOH CKOPOCTBIO, Y HAC ObLIA ObI BO3MOXKHOCTb PA3/IMYUTh
3THU MeJIKHE OOBEKThI (KAaK IpPaBWIO, MHUPUHOI 200 M), cie-
JIOBATEJIBHO, TPEOYETCA MOPOOHOE PYYHOE IPOC/ICKUBAHUE.
N3o6paxenue 3D preSDM, IOKa3aHHOE HA PUC. 3 CO3/1aBAIOCh
C HCIIOIb30BAHUEM ITOJIA IUIABHBIX (DOHOBBIX CKOPOCTEH (1103-
TOMY BHIHO IIOHIDKEHHE). 3aTeM ObUIA HAJIOXKEHA ITOAPOOHAs
MOJI€/Ib CKOPOCTH B KaHAJBHBIX 3aIloJHEHUAX. ITocie 3Toro
OCYIIECTBJIAJICA IPOCMOTP CKOPOCTH MUTPALIVH C LIEJIBIO OIIpe-
JIeJI€HUA JIydIIer CKOPOCTH KAHAIbHBIX 3aII0JIHEHUH; B JAHHOM
cay4ae 6bU1a BBIOpaHa CKOPOCTh, paBHas 1 200 m/c.

Ha puc. 4 mpoBoauTca cpaBHeHHE pedynbrara 3D preSDM
I10CJIE MUTPALUH C II0JIEM IUIABHOM (DOHOBOH CKOPOCTH (BBEP-
Xy) 6€3 BKIIOYEHHUSI TOUCUHBIX KAHAJIOB C PE3YJIbTATOM, BK/IIO-
YAIOMUM KaHAJIbI HU3KOU CKOPOCTH 3aIIOJHEHUA (BHHU3Y).
Vaydmenue B 60j1ee IITyOOKOM Yy4aCTKE /IOBOJIBHO 3HAYUTEIb-
HO. HaM He yJaloCh IIOJIHOCTBIO PACIIO3HATD IIPOGIEMBI MAJIO-
[JIyOMHHBIX KAHAJIOB, HO UX BKJIIOYEHUE ITO3BOJISET IIOBBICUTD
pa3penieHyue Ha JAaHHOM INyGOKOM y4dacTke. [103ToMy UTHOPH-
POBaTh YIIOMSAHYTBIE IIPOOIEMBI HE PEKOMEHYETCH.

[TonyyeHre N300PaKEHNS

C TOYKH 3pEHUsI PACCMATPUBAECMBIX 3/[1€Ch JAaHHBIX, MBI
HE BCTPEYATUCh C KAKUMH-JIMOO KIACCHYECKUMHU IpobaeMa-
MM, BO3HHUKAIOIMIUMH H3-31 MHOKECTBEHHOCTH TPAEKTOPHUU
(MccnegoBaHue  TPACCUPOBAHUA JIy4E€H NOATBEPIHIO, YTO
KOHTPACT CKOPOCTEN MEXKIYy HU3KOU CKOPOCTBIO B KAHAJIbHBIX
3aII0JIHEHUAX U B OKPYKAIOUTUX OCAJOYHBIX OTIOKEHHUAX ObLI
HE TAKUM 3HAYHUTEJIbHBIM, YTOOBI BBI3BATh MHOKECTBEHHOCTD
Tpaexkropuit). OTCIo/a CIeAyeT, YTo aMIuIuTyaa no Kupxrogy
Wi BUMy Hauay4dmuM o6pa3oM HOAXOAUT K PEHICHUIO JaH-
HOI NpoOJIeMBl. B HamieMm ciay4ae Mbl MCIIOJIb30BATHA METO/L
Kupxroga u 106aBwin nosydeHHsle cericmorpammsel OITIT B
HUCCJIEJOBAHNE OLIEHKH IIAPAMETPOB.
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manual interpretation of the top and base of the channel
features, and a scan over potential channel-fill velocities.

Fig. 3 shows the first kilometre of data near the sea
bed, where we see deeply incised sea-bed canyons, but also
some small localised channels just below the sea bed. These
channels result in a severe pull-down distortion of the
underlying sediments due to their low-velocity fill. If we
were to use a smooth velocity model, we would be unable
to resolve these small-scale features (typically 200 m in
width) hence detailed manual picking is required. The 3D
preSDM image shown in Fig. 3 was created using a smooth
background velocity field (hence the pull-down is visible).
The detailed channel-fill velocity model is superimposed.
A migration velocity scan was used to determine the best
channel-fill velocity: in this case we used 1,200 m/s.

Fig. 4 compares the 3D preSDM result after migrating
with a smooth background velocity field (top) with no
punctual channels included, versus the result incorporating
the low-velocity fill channels (bottom). The improvement
in the deeper section is significant. We have not perfectly
resolved the shallow channel problems, but incorporating
them in this way enables better resolution in the deeper
section. Ignoring them is not a viable option.

Imaging

For the data under consideration here, we do not face
any classical multi-pathing problems (a ray-trace study
confirmed that the velocity contrast between the low
velocity channel fill and surrounding sediments was not
great enough to induce multi-pathing) , hence for the final
migration, an amplitude preserving Kirchhoff or Beam
implementation is best suited for the problem. Here we

HedtoulrasEBPA3USA
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@ Fig. 3. 3D PreSDM using smooth model (not shown), with channel fill
velocity model superimposed.

@ Puc. 3. icnonb3oBanue nnasHoi mogenu B 3D PreSDM (He noka3aHo),
C HaNOXEHWEM CKOPOCTH 3aNOJIHEHUA KaHaNoB.

B npoexre murpanuu 2004 roga MCIoab30BaIOCh ILJIOT-
HOE IIOJI€ aBTO-BBIJEJEHHBIX CKOPOCTEH B KAa4ECTBE YaCTH
KPYITHOMACIITA0HOTO IIPOEKTA Pa3pabOTKH, IIPEJIIPHUHATOIO B
3TOM pernoHe komnanuen Reliance Industries. Puc. 5 mokassi-
BaeT IPOJOIBHYIO JIMHUIO U3 TUIIMYHOU cucTeMbl 3D preSTM.
OueBUIHBI MHOTHE aHOMAJIMU INPHUIIOBEPXHOCTHBIX CKOPO-
CT€H, HEKOTOPBIE U3 KOTOPBIX ACCOLIMUPYIOTCS C BO3MOKHBIMHU
AKKYMY/BIIHSMH I'a30BOTrO Tujpara. bosee menkuil (GenbIi)
3JUTHIIC BBICBEYMBAET HU3KOCKOPOCTHOE I'€0JIOTHYECKOE TEJIO,
KOTOPOE, II0 HAIIEMY MHEHHUIO, HECET BO3MOKHBIN KOMIIOHEHT
AKKYMYJISIIIMH CBOOO/IHOIO I'a3a, CBA3AHHOI'O C Ia30TW/IPATHBIM
TIOKPBIBAIOIINM CJIOEM, 4 TAKXKE C ITIMHOM, HACBIIIEHHOU BOJOH,
3aIIOJHSIOEH KaHAIbL 104 3TUM re0JIOru4eCKUM TE€JI0OM BU/I-
HEETCsA Y4AaCTOK MOTYCKHEHHUS, TAKKE MOXKHO 3aMETUTDH CBA-
3aHHOE CO CKOPOCTBIO IOHMKEHUE, ACCOIUMPYEMOE C ITUM
00beKTOM. Bosiee IITyGOKHH 3JTUIIC XapaKTepU3yeT 30HY, HAPy-
IEHHYIO OCTATOYHBIMH KPATHBIMH BOJTHAMHU.

H3-3a cofepKaHusA HCKAKEHHOI'O IEPBUYHOI'O CHUTHAIA
B PE3yJbTaT€ AHOMAJIHUH CKOPOCTH B IMOKPBIBAIOUIEH TOJIIIE
3HEPIHUsA KPATHBIX BOJIH OKA3BIBAETCA IVIABHBIM IIOCTABIIH-
KOM /IaHHBIX I10 60Jj1€€ INTyOOKOM 4acTH ydacTka. Eciim Mbl He
CMOJKEM YCIIEIIHO IOJAaBUTh KPATHYIO BOJIHY, HAM HE YAaCT-
CA PaCHO3HATh MOJACTHIAIONIYIO I'€OJIOTHYECKYIO CTPYKTYDY.
DILHCUHT PeXMMa IPUPAIIEHU BPEMEHH Npodera KpaTHOU
BOJIHBI B ITTYOOKOBOJbE BEJET K IOSABJICHHUIO B CYMMapHOM pa3-
pe3e HApYIIEHUH OTPAXKAIOIIETO IU1acTa. I yCIenHoro noc-
TPOEHUA MOJEIH, TAKOH IYM JOJLDKEH OBbITh CHadasla yoaleH
JIO IPOLEAYPHI CYMMHUPOBAHMA U, KAK IIOKA3aHO B OTHOIEHHH
YIIOMAHYTOTO 371€Ch NPOEKTA preSDM, 11 JOCTHKEHHUA ITOrO
ObUIA YCIIENTHO MpuMeHeHa cucrema 3D SRME.

Ha puc. 6 MbI BUZIIM TAKYIO K€ IIPO/IOIBHYIO THHUIO, KAK U
Ha PHUC. 5, IOCJI€ OKOHYATEIbHOI'O IIOCTPOECHUS H300pAKEHUS
110 3D preSDM ¢ npeaBapuTeaIbHON 00paboTKON (BKII0Yast 3D
SRME). IToHM>XKEeHHE GBUIO Pa3pPEIIEHO, 4 TAKKE ObUIO YIydIIIe-

@ Fig. 4. 3D preSDM with smooth background model (top);

3D preSDM with detailed low-velocity channel-fill model (bottom).
@® Puc. 4. 3D preSDM ¢ nnaBHoii hoHOBOI MofENbIO (BBEPXY);

3D preSDM ¢ noppo6Hoii HU3KOCKOPOCTHOM MOAENbI0 3aNONHEHUA
KaHanos (BHU3Yy).
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have used Kirchhoff, and have input the resulting CRP gath-
ers to an attribute estimation study.

The 2004 time migration project used a dense autop-
icked velocity field as part of the large-scale exploration
project undertaken in the region by Reliance Industries.
Fig. 5 shows an inline from the vintage 3D preSTM. Many
near-surface velocity anomalies are evident; some associat-
ed with possible gas hydrate accumulations. The shallower
(white) ellipse highlights a low velocity geobody, which
we infer has a possible component of free gas accumula-
tion associated with the gas hydrate sealing layer as well
as possible channel-fill water saturated clay. Beneath this
geobody we have a region of dimming and can also note
velocity-related pull-down associated with this feature.
The deeper ellipse highlights a zone degraded by remnant
multiples.

Due to the degraded primary signal content resulting
from the overburden velocity anomaly, the multiple energy
dominates the contribution to the data in the deeper part
of the section. Unless we successfully attenuate the mul-
tiple, we would be unable to reveal the underlying geologi-
cal structure. Aliasing of the multiple moveout behaviour
in deep water results in a stack response showing a broken
reflector character. For successful model building, such
noise must first be removed in the pre-stack domain, and
as shown for the preSDM project described here, 3D SRME
was successfully employed to achieve this.

In Fig. 6, we see the same inline as in Fig. 5, after final
3D preSDM imaging with all pre-processing (including 3D
SRME). The pull-down has been resolved, and deeper imag-
ing improved (indicated in the ellipse at about 4 kilometers
depth). As described earlier, in order to achieve this imag-
ing improvement, the velocity model building required
several phases employing different techniques.

Conclusion

For imaging in complex environments, it is neces-
sary to employ a wide range of tools for suppression of the
various classes of noise and multiples. This must be accom-
plished in the pre-stack domain so that automated dense
picking can be performed on migrated gathers to permit
reliable model update.

In deep water areas, we are fortunate that the water
bottom multiple problem does not affect much of the data,
so we can proceed with model building for the data above
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@ Fig. 5. Vintage 2004 3D preSTM inline (with 2D demultiple only).
Dimming below a shallow geobody is evident (circled), and below, rem-
nant multiple contamination degrades the image (circled).

@® Puc. 5. Tunosas npogonbHas nuuus 2004 ropa 3D preSTM

(Tonbko npu 2D nofaBneHnM KpaTHbIX BOJH). YETKO NpocnexuBaertcs
NOTYCKHEHUE NOJ MENIKOBOLHbIM Fe0JIOrM4eckuM TENOM (B KPYXKE),
BHU3Y - 3aCOPEHUE OCTATOYHbIMU KPATHbIMM BOJIHAMM YXYALIAET
u3o6paxenne (06BeaeHo).

HO IIOCTPOEHHE ITTYOOKOBOJHOI'O HU300paXKEHUs (IIOKA3aHO B
3JUIMIICE, TTTyOMHA NPpUMEPHO 4 KM). Kak ObUIO CKa3aHO BBIIIIE,
JUTSL TIOJTYYEHHUSI YAYYIIIEHHOTO U300PAKEHUSI CO3/TAHHE CKOPO-
CTHOH MOJEJIH IOTPEOOBAIO HECKOJIBKHUX 3TAIOB C UCIIOIb30-
BAHHEM PA3IUIHBIX METO/IOB.

3akoyerne

11 OCTPOEHUSA HU300PAKEHHUS B CIOXKHBIX YCIOBHAX
HEOOXO/IUMO IIPUMEHSATh CAMbIE€ PA3HOOOPA3HBIE IIPOLIETYPHI
JUISL TIO/IABJICHHUS IIIYMOB M KPATHBIX BOJTH PA3IMYHBIX KIACCOB.
DTO HEOOXOAUMO /Ie/IATh B OOIACTH O CYMMUPOBAHUS, YTOOBI
MOJKHO OBUIO OCYIIECTBHTH aBTOMATHYECKOE IUIOTHOE BbIjIE-
JICHHE Ha MUIPHPOBAHHBIX CEHCMOTPAMMAX /IS ITOTYyYEHUS
BO3MOYKHOCTHU HAJJIEIKAIIET'0 OOHOBJICHUS MOJIE/IH.

OTHOCHUTEIBHO INTyOOKOBO/IHBIX YYaCTKOB, HAM IIOBE3JIO
B TOM OTHOUIIEHHH, YTO MHOKECTBEHHBIE IIPOOJIEMBI, CBSI3aH-
HBIE C MOPCKHUM JJHOM HE CJIMIIKOM BJIHSIOT HA JJAHHBIE, U 3TO
IIO3BOJISIET HAM IIPOJIO/DKUTD IIOCTPOEHUE MOJIETH 110 JAHHBIM
II0CJIE BPEMEHU IIEPBOM KPATHOI BOJIHBI OT MOPCKOI'O JHA.
ITapayesnpHO 3TOMY OCYIIECTBIIIETCS IIPOLIECC TPeoOpPa3oBa-
HUSL.

B TO x€ BpeMs1, HaM BCE ele HEOOXOJUMO Pa306PaThCs C
IpOOGIEMaMH, CBI3AaHHBIMU C BHYTPEHHUMHU KPATHBIMH BOJTHA-
MM U IPOYHMH ITyMaMu. KpoMe Toro, HeO6X0/JMMO IIPUMEHSATD
TUOKUI TOIXO/T K OOHOBJICHHIO MOJIETH, YTO ITO3BOJIUT BBECTHU

@ Fig. 6. New 3D preSDM from same inline as Fig. 5, following 3D SRME.
The slight sag is mostly resolved, and remnant multiple contamination
mostly removed by the 3D demultiple, allowing a reasonable image to
obtained.

@ Puc. 6. Pesynbtar 3D preSDM 13 TOM Xe NPOAOALHON NUHUMK, YTO W
Ha puc. 5, nocne 3D SRME. Jlerkoe npoceaHue B OCHOBHOM Pa3peLUEHo,
a 3arps3HeHue 0CTaTo4HbIMU KPaTHbIMU BOJIHAMM N0 6ONbLUER YacTH
yAaneHo nocpeacTBom npeobpasoBanus 3D, 4TO N0O3BONAET NOAYYUTD
npuemnemoe u3obpaxenue.

Depth (km) | 'ny6una (km)
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the time of the first water bottom multiple, whilst demul- HeGosbIIEE TOYEYHBIE CKOPOCTHBIE IAPAMETPHI, HAIIPHUMED,
tiple processing is proceeding in parallel. ACCOIIMMPYEMBIE C HU3KOCKOPOCTHBIMHM KaHAJbHBIMHM 3aII0JI-

However, we still need to address internal multiple HUTEIIMH, 2 TAKXKE PEIINTHh BOIPOCHI, CBI3aHHBIE C TPAIAIIH-
and other noise problems. In addition, a flexible approach OHHBIMH HOIIEPEYHBIMH U BEPTUKAJIBHBIMH HU3MEHEHUAMH,
to model update is required, permitting us to incorporate = aCCOIMHPYEMBIMHU C 60Jie€ IMHPOKUMHU CTPYKTYPHBIMH TPEH-
small-scale punctual velocity features such as those asso- gamu. Ha HEKOTOPBIX HEOOIBIIMX JIUHAX IIKAJIbI, TOMOTpadu-
ciated with low-velocity channel fills, as well as resolving 4eckuil TOAXOM BPS/ JTU JACT BO3MOKHOCTb PA3PENINTD BAXK-
the gradational lateral and vertical changes associated Hble geTaJu CKOPOCTH. B TAKMX CIIy4asX BasKHA BO3MOXKHOCTb
with broader structural trends. At some short scale lengths, nHKOpHOPHPOBaHUA HMH(GOPMALHUU O CKOPOCTH M3 JAPYTHX
a tomographic solution is unlikely to be able to resolve HMCTOYHHUKOB. B JaHHOM KOHKPETHOM CJIy4ae, Mbl BKJIIOUIIN B
important velocity detail, and in these instances it iS Moje/Ib CeTh Y3KUX KAHAIOB, OIIPE/ICICHHBIX JIeTAIbHBIM BBIJIC-
important to be able to incorporate velocity information JieHHEM UX BEPIIMH U OCHOBAHUH U3 IVIOTHOU CETHU IIPO/IOb-
from other sources. In this case study, we have embedded HBIX U IlepECEKAIONIUXCS TUHUL.

into the model, a network of narrow channels, defined by [IpuMEHEHHE TAKOI'O MOJAXOAA K JIAHHBIM II0 IPUOPEK-
detailed picking of their tops and bases from a dense grid of HBIM Bojgam BocrouyHoit MHIMN CIOCOOCTBOBAIO YIYUIIEHUIO
inlines and crosslines. KAYeCTBA HU300PAKEHUS MO CPABHEHUIO C HEJABHEU MHUIPA-

Utilization of such an approach for data offshore east- 1ueld BO BpeMEHHOH OOIACTH O CYMMHPOBAHHUA. DTO TAKKE
ern India has resulted in an improvement in image quality OMOITIO M36€XKaTb CTPYKTYPHOI'O HCKAKEHHUSI, BHOCHMOI'O
compared to a recent pre-stack time migration, avoiding paznauyueM JOKAJIU30BAHHOM CKOPOCTHU B IPUIIOBPEXHOCTHBIX
the structural distortion introduced by localized velocity  OTIOXEHHAX.
variation in the near surface sediments.

BblpaxkeHe npusHaTeIbHOCTA
Acknovvledqemems BeipazkaeM 6J1ar0JapHOCTh HAIIUM KOJUIETaM M3 KOMIa-
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project, and to our respective employers for permission to  HaJ 3TUM IIPOEKTOM. MBI 6;1arOaPHBI TAKKE HAIIUM paboTo/Aa-
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