Application of Reverse Time Migration
to Complex Imaging Problems in the North Sea
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eismic time and depth migration is commonly carried

out using either integral or conventional (one-way)

wavefield extrapolation techniques. Although adequate
in many cases, both methods have significant limitations
that reduce imaging quality in some instances, especially in
geophysically complex domains. In 2005 GXT introduced
Reverse Time Migration, RTM, a depth migration technique
that overcomes the limitations of these existing techniques.
Since then it has been proven on dozens of projects spread
throughout the world.

We start by discussing the issues affecting existing meth-
ods, and then go on to show how RTM addresses these limita-
tions, illustrated using an example from the North Sea.

Migration Technologies

Standard shot-based one-way wavefield extrapolation
(WE) pre-Stack Depth Migration techniques image the subsur-
face by continuing the source and receiver wavefields for each
shot downward in depth. An image is formed by cross correlat-
ing these two wavefields at each depth and each position, and
the partial images formed for all shots are summed to form the
final image. A key, limiting, assumption made is that the source
and receiver wave fields only travel in one direction along
the direction of extrapolation: forwards for the source wave-
field, and backwards for the receiver or scattered wavefield. In
practice, each of these wave-fields will generally travel both up
and down if the velocity model is complex or exhibits strong
velocity gradients. This produces turning (or diving) rays and
multiples. In addition, approximations in the one-way WE tech-
niques generally limit the allowed dips in the final image to less
than 70 degrees. Steep dips and turning rays are usually imaged
using Kirchhoff techniques, but these fail when either the
source or receiver wavefields becomes sufficiently complex that
multipathing occurs. The RTM migration technique handles
these problems by using the two-way acoustic wave equation
without approximations or assumptions. The source wavefield
is propagated forward in time and the recorded receiver wave-
field is propagated back in time, hence Reverse Time Migration,
though note that it is a depth migration technique. Because RTM
uses the exact acoustic wave equation it can image data through
velocity structures of arbitrary complexity without error or dip
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JIS1 BBIIIOJTHEHUSL MUT'PAIIMH BO BPEMEHHOH O0IACTH WIH 110
IJTYyOMHE UCIIONB3YIOT METOABI Pa3BEAKU KaK HA OCHOBE KOM-
IJIEKCHOTO, TAK U TPAJAUIIOHHOTO (OJHOCTOPOHHETO) BOJI-
0BOroO noJjs. HecMoTps Ha TO, YTO BO MHOTHX CJIy4asiX 3TH METOJBI
XOPOMIO MOAXOAAT I PEHICHUS 32/1a4, OHU UMEIOT Psfl OrpPaHU-
YEHUI, UHOI/[A CHIDKAIOIUX KAYECTBO M300PAKEHUs, B YACTHOC-
TH, B CJIOKHBIX reojorumdeckux oomactax. Kommanus GXT ¢ 2005
r'ofla IPUMEHSET TEXHOIOTUIO OOPATHON MUI'PAIIUH BO BpEMEHHOHU
o6nactu (RTM), IpeCTaBIAIONYI0 COOOHM METOJ ITTyOUHHON MUI-
panuy, KOTOPHII O3BOJIET IIPEOJOIETh OIPAHUYEHHUSI OOOUX YKa-
3aHHBIX BBIIIE METO/IOB. 32 IIPOMIE/IIee BpeMs JaHHAS TEXHOIOTHS
YCIEMHO IIPUMEHAIACH HA IECATKAX IIPOEKTOB 110 BCEMY MHUDY.
HauneM ¢ 06CYXI€HHS TAPAMETPOB, OKA3bIBAIOIINUX BIMSIHUE
HAa YKa32HHBIE METO/IBI, 4 3aT€M IIPOJJIEMOHCTPUPYEM, KAKUM 0Opa-
30M TexHosoruss RTM mosBossieT IpeoioeTh KOHKPETHbIE Orpa-
HUYEHUA, HA IIPUMEPAX MPOBEJCHUA HUCCAeJOBAaHUN B CEBEPHOM
MOpe.

TEXHONOT M MUTPAaLN

CTaHJapTHBIN METOJ IMTyOMHHOM MMIPAaIuU JO CYMMHPOBA-
HM#A, OCHOBAHHBIN HA Pa3BeJKE BOJHOBOIO IOJA IIPH IIPOXOKIE-
HUU B3PBIBHOI BOJIHBI B OIHOM HaIIPABJICHUU, 1A€T OTOOPAKEHUE
IJTYOMHHBIX T'OPU30HTOB IIOCPEACTBOM IIPOAOKEHUSA BOTHOBBIX
M0JIEH UCTOYHUKA U IIPUEMHHUKA JUIA KKIO0TO B3PbIBA 110 INTyOMHE
B HAaIIPaBJIEHUH CBEPXY BHU3. 300paskeHHE CO3/1A€TCs ITyTEM B3a-
HMMHOH KOPPEJIALIMM ITHX JBYX BOJIHOBBIX IOJIEN IS KaXKIOH IIIy-
OGUHBI U KOKJOT'O ITOJIOXKEHMS, 4 YACTHYHbIE H300PAKEHUS JJIS BCEX
B3PBIBOB CYMMHPYIOTCS /YIS ITOJIy4EHUSI OKOHYATEIBHOIO U300pa-
sKeHusa. OCHOBHOE OIPaHUYHBAIONIEE YCIOBUE COCTOUT B TOM, 4ACTO
HMCTOYHHMK U IPUEMHHUK BOJHOBBIX IOJIEH IEPEMEIIAETCA TOIBKO
B OfIHOM HAIIPABJICHUH BJIOJIb HAIIPABICHUA PA3BEAKH: BIEPE], I
BOJIHOBOT'O IIOJIS1 UCTOYHUKA U OOPATHO /ISl BOJTHOBOT'O IOJIA IIPU-
€MHHKA WM PACCESHHOIO BOJHOBOIO MOJA. Ha mpakTuke Kaxkmoe
M3 3TUX BOJHOBBIX IOJIEH, KAK MPABUJIO, IEPEMENAETCA U BBEPX,
U BHHU3, €CIM CKOPOCTHASA MOJIEND JIOKHAA WINA BKIIOYAET MOIIHbIE
CKOPOCTHBIE KOMIIOHEHTHL. B pe3y/ibraTe BO3ZHUKAIOT OTKJIOHAIO-
myecss B CTOPOHY (WM B ITTyOHMHY) TPA€KTOPUM MM MHOI'OKDPAT-
Hble BOJHBL Kpome TOro, anmpoKCMMaluy IPH HCIOIb30BAHHHA
METOJIOB Pa3BE/IKH C IOMOILIBIO OJHOCTOPOHHUX BOJHOBBIX IIOJIEH,
KaK [IPaBUJIO, OTPAHUYMBAET JOIIyCTUMBIE IIOI'PYKEHHS Ha OKOHYA-
TEJIBHOM H300paKEHHUH JI0 yri1a MeHee 70 rpajycos. Kpyrsie mor-
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PYKEHHMA U GOKOBBIE OTKJIOHEHHUS BOJIH OOBIYHO IPEJCTABIIAIOTCS
1o meroay Kupxroga, olHako OHH HE IPOCTIEKUBAIOTCA B CIy4asX,
KOIJa BOJIHOBBIE€ IIOJII MCTOYHHUKA WIM IIPUEMHHUKA CTAHOBATCA
JOCTATOYHO CJIOKHBIMHU M IIPOUCXOAUT IIPOXOXKJEHUE BOJIH IIO
MHOI'MM HarpasiaeHusaM. IIpumenenue Texnonoruu RTM no3sosser
PELINUTD YKA3aHHbBIE 33JA4YU IIyTE€M HCIIOJb30BAHUA YPABHEHUA I
TIOJTHOM aKyCTUYECKOH BOJIHBI 6€3 alIIPOKCUMAIUH U TONYIICHUH.

== : BoJIHOBOE 11071€ UICTOYHHUKA PACIIPOCTPAHAECTCA BIIEPE BO BpDEMEHU,
@ Fig. 1. “Final” production 3D @ Fig. 2. 3D Kirchhoff PreSDM. 4 PETHUCTPUPYEMOE BOTHOBOE T10JI€ TPUEMHHUKA PACTIPOCTPAHAETCS

migration velocity field. ® Puc. 2. 3D Meton Kupxrotha. B OGPATHOM HATIPABJIEHUH BO BPEMEHH, TO €CTh IIPOUCXOIUT O6PAT-
® Puc. 1. «KoneyHoe» oToGpa- Hasi MMTPAIUsA BO BPEMEHHOH O6/ACTH, XOTS MPU 3TOM CIE/IyeT
Xehue 3D nonsi MUrpaLUoHHbIX HOMHHTB, 4TO, TIO CyTH, 3TO METOJ| ITyOMHHOI MUrparuu. Tak Kak
CKOpoCTEi. TexHomorust RTM OCHOBaHA Ha TOYHOM YPABHEHHH AKYCTHYECKOM
limitations, and even has the potential to image multipleswhen  BOJIHBI, OHa MOXKET HIPEJCTABAATh MH(POPMAIUIO 00 H300paXKe-
the multiple generators are present in the model. HHUU Y€pe3 CKOPOCTHBIE CTPYKTYPHI IIPOU3BOIBHOH CJIOKHOCTH 6€3

OTPAHMYEHUSA OIMOKY WIH IOTPYKEHHS, U JaXKE IPEJOCTABIICT
Commercial Status BO3MOKHOCTb OTOOPA’KATh MHOTOKPATHBIE BOJHBI, €CJTH B MO/

The RTM technique is computationally very demand-  mpeacTaBIeHbI T€HEPATOPBI MHOTOKPATHBIX BOJIH.

ing, and as such was considered economically impracticable.

However, the recent step-change advances in computing power [ TONOXEHWE Ha ObIHKE

have made it commercially viable and GXT have been to the Texnonorusa RTM TpebyeT 60IbIINX PACIETOB U IOTOMY CUUTA-
fore in applying it on a large number of projects in the Gulf of  erca 3KOHOMHUYECKU HEONIPaBAaHHOH. OJJHAKO MOCIEIHUE TOCTIKE-
Mexico, West Africa, and the North Sea. This has initially been = HHMA B KOMIIBIOTEPHOIT OGJIACTH JIENAIOT €€ IOCTYITHOM B IIPAKTHYEC-
with towed streamer data, but it is equally applicable to multior =~ koM npumenenus, 1 GXT roToBa MCIIOIb30BaTh JAHHYIO TEXHOJO-
wide azimuth streamer data, as well as OBC scenarios. GXT also  TuI0 Ha ps/i€ KPYITHBIX IIPOEKTOB B MEKCHKAHCKOM 3a/IMBE, 3aI1aIHOM
have considerable experience in using RTM for VSP imaging.  Adpuke u B CeBepHOM Mope. IIepBOHAYaIbHO OHA IIPUMEHAIACH
RTM has the potential to migrate all multiples, however practice ~ npu 06paboTKe JAaHHBIX, ITOJYYEHHBIX C ITOMOIIBIO GYKCHPYEMOM
has shown that multiples are perhaps more effectively handled  xockl, oiHaKO, OHA BIIOJIHE IIPUMEHNMA K /IAHHBIM, IIOJTYYEHHBIM C
before RTM application, and GXT have found that employing  mOMOIIBIO KOCBI C IIMPOKUM I MHOTOKPATHBIM a3UMYyTOM, KaK,
their proprietary 3D SRME anti-multiple tools has had a signifi-  nanpumep, ¢ Trexnonorueit OBC. GXT umeeT TakKe HEMAJBIN OIBIT

cant effect on imaging quality. npuMeHeHus TexHonorny RTM i ucceneposanuii BCIL. Texnonorus
RTM umeeT MOTEHIHAT I MUTPAIUH BCEX MHOTOKPATHBIX BOJIH,
3D Field Data Example OJIHAKO MPAKTHKA [TOKA32712, YTO C MHOTOKPATHBIMHU BOJTHAMHU, BEPO-

We now illustrate the effectiveness of anisotropic 3D RTM  saTHO, 601€€ 3(P(DEKTUBHO paboTaIu 40 puMeHeHus1 RTM, npu aTom
on a classic “mushroom-shaped” salt dome typical of the North ~ GXT npunuia K BBIBOAY, YTO IIPUMEHEHHE UHCTPYMEHTOB 3D SRME
Sea. A “final” 3D model was available from a prior WE migra-  coOCTBEHHOI Pa3pabOTKU A/ U30ABICHUA OT MHOTOKPATHBIX BOTH
tion, as was the migration result, Fig. 1 and 2 respectively show  1103BOJII€T 3HAUUTEIBHO IIOBBICUTD KAYE€CTBO N300PAKEHUS.
the velocity-depth model and Kirchhoff preSDM result for a
selected crestal line, where the deeper (sub-chalk) targets are | [D/IMED 0OPAOOTKM NOMEBLIX JaHHbIX 3D
not adequately imaged, due in part to multipathing issues. Teneps npuseaeM npumep 3(p@PEKTUBHOIO HUCIONb30BAHUSA

Forward modelling was applied to predict expected out-  aHuU30TpONHOH TexHOMOrUK 3D RTM 11pu pa3Besike CONIEBOIO KyIlo-
comes, specifically 2D ray tracing through a model of a crestal ~ y1a, umeromero gopmy rpuéa TUIMYHOIO 111 CEBEPHOIO MODSL
line from this salt body. The aim was to ascertain what classes  «KoHeuHas» TpexMepHas MOJIEIb ObUIA ITOJIYYEHA 110 IIPEBAPUTEIIH-
of energy illuminate the steep salt flank events. Fig. 3 shows  HOM MUrpaIiu BOTHOBOTI'O IIOJISI, U IIPE/ICTABIISIA COOOH pe3yIbTaTh
the ray trace results for PP events passing through the top salt,  murparuu. Ha puc. 1 u 2, COOTBETCTBEHHO, IIPE/ICTABIECHBI TTTyOUH-
HO-CKOPOCTHASI MOJIE/Ib U PE3Y/IBTAT IIPEIBAPUTEIBHOI 0OPAOOTKU
110 Kupxrody 11 BBIOpAaHHOH JTMHUYM aHTUKIUHAIY, I IITyOOKHe
TOPH30HTHI (HIDKE MeJIa) HE OTOOPAKEHBI 4/IEKBATHO, B TOM YUCIIE,
1 110 TIPUYUHE MHOTOHATIPABIECHHOCTH.

1 IPOrHO3UPOBAHUS OXKUAEMBIX PE3YIbTATOB IPHUMEHS-
JIOCh MOJIC/TMPOBAHUE BOJIH B UCXOJHOM HAIIPABJICHUH, B YACTHOCTU
JBYXMEPHOE OTCJICKUBAHKE TPAECKTOPHI IIPU IIPOXOKICHUH YePE3

@ Fig. 3. PP ray paths through top
salt.

@ Puc. 3. Tpaektopuu PP

B BEPLLMHE CONAAHOr0 Kynona.

@ Fig. 4. PSSP ray paths through MOZ€/Ib AaHTUKINHAIBHOU IMHUH OT YKa3aHHOTO COJITHOTO Ted. DTO
| top salt. J€1a7I0Ch J/Is BBIABICHUS KIACCOB S3HEPTUH, KOTOPbIE OTOOPAKAIOT
@ Puc. 4. Tpaektopuu PSSP KPYTU3HY KPbUIbEB aHTUKINHAINA. Ha pHC. 3 IpeCcTaBIeHbl pe3yib-
B BEpLUMHE CONSHOrO Kynona. TaThl OTC/IEKUBAHUA TPAEKTOPUH ITPO/JOIbHOM BOJIHBL, IIPOXOAAIEH

Yyepes BEPIINHY COIEBOIO KYII0J1a M OTOOPAXKAIONIEH €r0 KPbibs. Ha
pHUC. 4 IPEACTABIEHBI TPAEKTOPHUH BOJH i BCTymieHud CII-IIB, a
HA PUC. 5 — TPACKTOPHH JIJIS1 IBYKPATHBIX OTPAKEHUH (M/IH IPU3Ma-

[ ) Fig_ 5. Double-bounce (prism TUYECKUX BOJIH), KOTOPBIC OTPAKAIOTCA KAK OT KPBLIbEB COJIIHOI'O
wave) ray-paths. KYTOJI4, TAK U OT IUIOCKUX IIPWIETAIONIUX CTPYKTYP. DHEPTHS, OTOO-
@ Puc. 5. TpaekTopuu ABYKpaTHOro paKaomas KPbUIbS COJITHOIO KYIIOJIA, SBJISETCS ITOAYUHEHHOH 110
oTpaxeHus (NpuaMaTU4eckue OTHOIIEHUIO K BCTYIUICHUAM JIBYKPATHBIX OTPAKEHUI. C IOMOIIBIO
BOJIHbI). KOHEYHOI TPEXMEPHOH ITTyOGMHHO-CKOPOCTHOM MOJIE/H, ITOTY4EH-

HO¥ IIO TPAJUIMOHHOU TexXHoJaoruu (puc. 1), janee npoBOJUTCA

RTM C OrpaHU4Y€HHEM YaCTOTHI MUTpanuu g0 17 T Pe3ynbraThr



and illuminating the salt flanks. Fig. 4 shows the ray paths
for the PS-SP arrivals, while Fig. 5 shows ray paths for double
bounces (or prism waves) that reflect off both the salt flanks
and the flat lying adjacent events. The energy illuminating
the salt flank is dominated by double bounce arrivals. Using
our conventionally-derived final 3D velocity-depth model
(Fig. 1) we ran an RTM, limiting the migration frequency to
17Hz. The results of the RTM clearly indicated the inadequa-
cies of the conventional model, and we proceeded to refine
the model based on iterative RTM model update. Fig. 6 and 7
show respectively a one-way wave extrapolation preSDM and
corresponding RTM for a crestal line (using the “final” model
from the prior project). It should be noted that there are some
differences in the precise processing sequence of these results,
however, these differences have no impact on the conclusions
drawn here.

We can see from the RTM that we have very steep salt flank
arrivals, possibly from an upturned chalk interface. Ray trace
studies concluded that these steep events probably result from
double-bounce illumination. The original salt interpretation in
this model, based on WE results, looks to be incorrect near the
edges of the salt, especially on the right hand side. The RTM result
indicates that the salt is probably a bit less wide, with near-verti-
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RTM 4€eTKO IPOAEMOHCTPUPOBAIA HECOOTBETCTBUA TPAAUIIMOHHON
MOJIE€/IY, TI03TOMY MbI IIPOJOJDKIIM COBEPHICHCTBOBAHUE MOJE/IHA
Ha (6a3e yrouHeHus urepaTuBHoi mojenu RTM. Ha puc. 6 u 7, coor-
BETCTBEHHO, IIPEJCTABIEHBI PE3Y/IBTATBI PA3BEIKH C IIOMOIIBIO IJIy-
OGUHHOI MUI'DALIMH 0 CYMMHPOBAHMS /I OJHOCTOPOHHEH BOJTHBI
M COOTBETCTBYIOMME Pe3yabTaTel RTM /14 TMHUM aHTUKIUHAIHA (C
NPUMEHEHUEM <«KOHEYHOI» MOJEIN IO MIPEAbIAYIIEMY IPOEKTY).
Creflyer OTMETUTD, YTO TOYHAs IIOCIESOBATENbHOCTE OOPAGOTKU
3TUX PE3YIbTATOB UMEET HEKOTOPBIE PA3INYMsA, KOTOPBIE, OJJHAKO,
HE BJIMAIOT HA ITOTyYEHHbIE 3/1€Ch BHIBO/IbL.

Pesynprarel RTM NOKa3bIBaIOT HAJTUYUE BCTYIUIEHHI OYEHDb
KPYTBIX KPBUIbEB COJIAHOTO KYII0JIA, BO3MOKHO OT OIPOKMHYTOM
IIOBEPXHOCTH KOHTAKTa C MeaOM. McciaemoBaHHA TPAEKTOPHUH
IOKA3BbIBAIOT, YTO ITU KPYTble OOPA30BAHUA UMEIOT MECTO, BEPO-
ATHO, B PE3YIbTATE JABYKPATHOIO OTpaKeHMsA. IlepBoHavanbHAd
HMHTEPIPETANMA COMAHOIO TENA B JAHHOM MOJEIN Ha OCHOBE JaH-
HBIX UCCJIEJOBAHMA BOJTHOBOI'O IIOJIS IIPE/ICTABIAIOTCSA HEBEPHBIMU
BOJIM3U KPAeB COJIIHOIO TejId, OCOOEHHO IO IIPABOI €r0 CTOPOHE.
PesynpTaTsl RTM IOKa3bIBAIOT, 4YTO COJITHOE TEJI0 HECKOJIBKO MEHEE
HIMPOKOE C IOYTH OTBECHBIMM KPAAMM IO CJIEIKA HABUCAIOIIMM
kpaeM. Bosee Toro, pe3ynbpraTel RTM 1OKa3bIBAIOT, YTO OKPYIKAIO-
e IJIOCKUE TOPU3OHTHI, BEPOATHO, PE3KO ONPOKHU/IBIBAIOTCA B
30HE IPUMBIKAHHA K COJIHOMY TENY, 4 HE «CIVIAKUBAIOT> MOJIEb B

ION and LARGEO Announce Geophysical Alliance

ION and LARGEO, a Moscow-based seismic data processing company, have formed an alliance to provide advanced imaging services for seismic data

acquired in the Russian market.
Launch and “Buzz” in St. Petersburg

The official signing took place at ION’s booth during the EAGE’s Bi-annual Trade Show and Technical Conference in St. Petersburg on April 8, 2008.
The alliance ceremony was represented by key officials from both companies and the agreement was signed onsite by LARGEO General Director, Andrei

Elistratov and ION CEO, Bob Peebler.

After the proceedings, customers and guests were treated to a champagne reception and details of the partnership were explained by ION host, Jean
Januard, Vice President, Russia and CIS countries. Immediately following the briefing by Januard, there was plenty of opportunity for informal discus-
sions between ION and LARGEO personnel, as well as many other conference guests who attended the event, whilst sipping champagne and enjoying

great hospitality.
Local Capabilities, International Expertise

The alliance, known as LARGEO-ION, combines the technological strengths of ION’s GX Technology (GXT) Imaging Solutions group with the local
market knowledge and extensive regional processing experience of LARGEO to bring best-in-class imaging services to E&P firms operating in Russia.

LARGEO was established in 2004 and since its inception, has rapidly gained a presence in the highly competitive Russian market. The company’s
client base includes Rosneft, LUKOIL, Sibneft, RITEK, YUKOS, ONGC, Shell, Gaither Petroleum and other Russian and foreign oil and gas companies.
The company’s key strategies focus on technical excellence and response service, which contribute to LARGEQ’s success in tackling the most complex

imaging projects in Russia.

Komnanuu ION v LARGEO o6b9BUNM 0 cO34aHuUM anbfHCca

ION n LARGEO, poccuiickas komnaHus no 06paboTke CencMUYecKnx AaHHbIX, 06beAUHUINCh 415 OKa3aHWS BbICOKOKAYECTBEHHbIX YCAyr No 06paboTke
1 MHTEPNpeTauun cencMmn4eckux AaHHbIX, NOAYyYEHHbIX HA POCCUINCKOM PbIHKE.

Mopnucanue cornawiexus u «hyper» B CaHkT-Netepbypre

OdhnumanbHoe nofnucaHne [Orosopa CoOCTOANOCh HA BbICTaBOYHOM cTeHAe komnaHum ION Bo Bpems exerofHoNn TOProBO-npOMbILLSIEHHON BbICTaB-
K 1 TexXHM4ecKoil KoHgepeHuumn B CaHkT-lMeTepbypre 8 anpens 2008 roga. Ha LepeMoHUM co34aHMS anbsHca NPUCYTCTBOBANM PYKOBOAMTENN 06EUX
KOMMNAHWIA, a cornalleHne 6bin0 NOANMCAHO reHepanbHbiM aupektopom LARGEO AHgpeem EnuctpatoBbiM 1 reHepanbHbIM AupekTopom KomnaHum ION

bo6om Mnbnepom.

lMocne npouenypbl NOANNCAHNS COrNaLleHNs BCEM NPUCYTCTBYIOLLMM ObII0 NPEASIOXKEHO LIAMMNAHCKOE, @ BbIMOMHAOLUA 06513aHHOCTI X035MHA CTEH-
na I0ON Buue-npe3naeHT Komnanum no Poccum n ctpaHam CHI XKaH XKaHioap pa3bsicHUN BCEM NMPUCYTCTBYHOLIMM LieNn 1 3afayu naptHepcTsa. lMocne
OKOHYaHWs 6puhrHra MHOrOYNCAEHHbIE FOCTU LEPEeMOHUA 1 NPUCYTCTBYOLWME HA Hel npeacTaButenn komnanui ION n LARGEO ¢ yaoBonbCTBMEM
BOCMOJIb30BaNNCh NPEKPACHON BO3MOXKHOCTbIO Ans 06LIEHNs 1 HechopManbHbIX 6eCe; B HEMPUHYXXAEHHO 06CTaHOBKe 3a 60Kanami LLamnaHCKoro.

MecTHble BO3MOXHOCTH, MEXAYHAPOAHbIA ONbIT

HoBbI anbsiHe, nony4usLni HasgaHne LARGEO-ION, coeguuun B cebe TexHonorunyeckyto motps rpynnbl ION GX Technology (GXT) Imaging Solutions
€O 3HaHWEM MECTHOr0 PbIHKA 1 60JbLLM OMbITOM PErMoHanbHON 06pPaboTKM reonoro-reon3nyecknx JaHHbIx komnaHum LARGEO ans npegoctaBneHuns
BbICOKOKQ4€CTBEHHbIX YCYr MO MOJTy4eHN0 ry6UHHBIX N306pXXEHNIA Hep LeiCcTBYOLWMM B Poccun KOMNaHUsM HedhTerazoBom 0Tpaciu.

Komnanus LARGEO 6bina ocHoBaHa B 2004 rogy v 6bICTPO 3aBOeBana NuAMpYoLLee NonoXeHWe Ha BbICOKOKOHKYPEHTHOM POCCUICKOM PbIHKE.
KnueHTamu komnaHum SBasioTcs «PocHedTb», «JIVKOW», «CubHedTh», «PUTIK», «tOKOC», ONGC, Shell, Gaither Petroleum u Jpyrue poccunckue un

3apy6exKHble Hed)Terazoa00bIBaAKLLNE KOMMAHNN.

CTpaterus KOMNaHW OPUEHTUPOBAHA, B MEPBYH) 04EPEeAb, HA BbICOKOE Ka4eCTBO BbIMOSHEHMS paboT 1 NPUMEHEHIE HOBEIALLNX TEXHOMOrNiA 06paboTKm
[laHHbIX, 4TO SIBMSETCA COCTaBHOM YacTbto ycnexa LARGEQ B paboTe Hag Hambonee COXHbIMW POCCUMACKMMU NPOEKTaMU, BKITHOHAKOLWMMMN NOYYeHne

rIyOUHHbIX N300pAXKEHUN Heap.
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BHJIE IIOJIOTOT'O KPBLIA
AHTUKJINHAIN, KaK 3TO
| [Ipe/CTaB/IsIOCh paHee

SOURCE / UICTOYHMK: ION

cal edges below a slight
overhang. Furthermore,
the RTM result indicates

that the surrounding B MOJIETIH.
flat horizons probably
turn-up sharply to abut BbiBOOb!

the salt, rather than
“rolling-through” the
model with a gentle
anticlinal slope, as pre-

CNIOKHBIE CTPYKTY-
PBbl, TAKHE KAK COJISHbIE
KYIIOJI4,  BBIABIAIOTCS
MHOTOYHCJAEHHBIMH

viously modelled. : = = - - TPAEKTOPUSMH  BOJIH,
@ Fig. 6. 3D One-Way WEM. @ Fig. 7. 3D Two-Way RTM. KOTOpbIE HE MOTYT GBITb

Conclusions @® Puc. 6. 3D OgHocTopoHHee @® Puc. 7. 3D Monnas RTM. TPE/ICTABNEHB C TIOMO-
Complex bodies BONHOBOE none. OBI0  TPAJUITUOHHBIX
such as salt domes are METO/IOB /ULl OAHOCTOPOHHMX BOJIH. 3HAYUTE/IbHBIC YIyYIIEHUA MOTYT

illuminated by many wave paths that cannot be imaged by  GBITH/JOCTUTHYTHI KAK BOTHONIEHUH IIOCTPOEHMSI MOJIETIH, TAK X KOHEY-
conventional one-way wave equation techniques. Significant  HOI MUTrpaIuH IIPU UCIIOJIB30BAHUN TEXHOJIOTHH ITOJTHOU OOPATHOHN
improvement can be achieved both in the model building  murpamuu Bo BpeMeHHO! 061acTi. COYeTaHnEe TOCTPOEHHS MOJIEITH
and final migration by employing the two-way Reverse Time  u MHUIpanyu — pemeHue IpoodaIeM IOCTPOCHUS KAa4eCTBEHHOTO H300-
Migration technique. The combination of model building and  paskenus. tepatuBHOE IpUMEHEHHE TeXHONOrUU RTM MOxeT oka-
migration is the key to successful imaging. Iterative application  3aTbcst 3(P(PEKTUBHBIM IIPH IOCTPOEHUH I'€OMETPUH COJIHBIX TEJT HA
of RTM can be used to delineate salt geometries in areas where  y4acTkax, r7ie H1 ypasHeHHE Kupxrogda, Hu 0IHOCTOPOHHEE BOTHOBOE
both Kirchhoff and one-way wave equation methods fail. [ YPaBHEHHUE HE JAIOT PE3YIbTATOB.

The LARGEO-ION Imaging Center will be staffed mainly by LARGEO geophysicists who have been trained by GX Technology at other geophysical service
centers around the world.

“We believe our collective processing experience, advanced technology, market knowledge and personnel will allow LARGEO-ION to deliver the highest
quality seismic imaging with reduced turnaround time. The opening of this Russian processing center marks a key milestone in the global expansion of
GXT’s data processing services,” stated Nick Bernitsas, Senior Vice President of ION GXT Imaging Solutions.

A Logical Union

Russia is the world’s second largest oil producer and the largest holder of proven natural gas reserves. The Russian market attract vast numbers of
E&P participants with keen interest from major national and international oil and gas companies.

Strategically located in Moscow, the center will deliver a wide range of advanced seismic data processing services with an initial focus on data acquired
in the marine environment.

Imaging services will use the latest Linux-based server hardware and will include:

° Pre-stack depth and time migration;

Reverse time migration (RTM);
Azimuthal velocity analysis;
Full-wave imaging;

AVO and inversion;

Velocity modelling;

Data conditioning.

“The alliance between our two companies will create one of the most powerful seismic data processing centers in Russia. We believe LARGEO-ION
will be capable of delivering the highest quality seismic images and will allow our E&P customers to rapidly take advantage of the latest data processing
innovations such as reverse time migration and full-wave imaging,” stated Alexander Yakovlev, LARGEO General Manager.

B ueHTpe 06paboTkn faHHbIXx LARGEO-ION 6yamyt pa6otaTh, B OCHOBHOM, cneuvanucTbl komnaHum LARGEO, npolweaiine o6yyeHne B komnaHuu GX
Technology u fpyrux reoguanyeckux LeHTpax mupa. «Mbl y6exaeHbl, YTO COBMECTHbI OMbIT 06pPabOTKKN, PEBOSTIOLMOHHAS TEXHONOMNS, 3HAHWE PbIHKA W
BbICOKOKBaNMuLIMpoBaHHbIi nepcoHan no3sonaT LieHnTpy LARGEO-ION oka3blBaTb NepBOKNACCHbIE YCAYrn Mo 06paboTKe AaHHbIX U NONYHEHUI FYOUHHbIX
1306paXKeHNiA CPeAbl, COKPATMB MPW 9TOM CPOKMN BbINONHEHUS 3TUX paboT. OTKpbITUE POCCUIACKOrO BbIYNCANTENBHOMO LIEHTPA CTaI0 BaXXHOW BEXON Ha NyTu
rno6anbHoro pacmpeHus yenyr GXT no 06paboTke CeiicMMYecknx faHHbIxX», — 3asaBun Huk bepruuac, suue-npesuaeHT ION GXT Imaging Solutions.

Jlornyeckuii coro3

Poccus sBnsieTcs BTOPbIM N0 BENNYUHE MUPOBbLIM NMPON3BOAMTENEM HE(PTM 1 06M1aaaeT HaMbBOMbLIMMU B MUPE AOKAa3aHHbIMI 3anacamu NpupoaHOro
rasa. POCCMINCKMIA PbIHOK MPUBMEKATENIEH Kak Ansi OCHOBHbIX POCCUIACKMX W MEXAYHapOAHbIX He(hTera3oBbiX KOMMAHUA, TaK U Ang 601bWOoro Yyucna
KOMMaHWUA-y4aCTHNKOB CEPBMCHOMO PbIHKA, BKITHOHAIOLLEr0 pasBeaKy 1 Jo0bivy YrieBoAopOa0B.

Haxopawwminica B MockBe BblymcnutenbHbld LEHTP OYyAET OKasblBaTb LUMPOKWUA CMEKTP BbICOKOKAYECTBEHHbIX YCAYr N0 06paboTKe AAaHHbIX CEnc-
MOpPa3BeAKuN, Ha HaYanbHOM 3Tane COCPeAoTOYMBLUMCL HA 06paboTKe MOPCKMX AaHHbIX. VIHbpacTpykTypa LleHTpa, NOAHOCTbIO OCHALLEHHAs CaMbIMM
COBPEMEHHbIMU NMPOrpamMmMHbIMK 1 annapaTHbIMK cpefcTBaMu Ha 6a3e Linux, NO3BONUT 0Ka3blBaTh LUMPOKWIA CMEKTP YCAYr N0 MOAYYEHWIO FNyOUHHbIX
N3006pXEHNI cpelbl, BKIKOYas:

BPEMEHHYI W [TyOUHHYI0 MUrPaLnio 40 CYyMMUPOBAHUS;
006palLLeHHY0 NOMHOBOTHOBYK MUrPaLi0 BO BPEMEHHOM 0651acTy;
a3UMyTaIbHbI aHANU3 CKOPOCTel;

MHOTOBOMHOBYIO CbEMKY;

AV0-aHanu3 n MHBEPCUIO;

MOCTPOEHNE CKOPOCTHOW MOJenu;

npeobpa3oBaHne JaHHbIX.

«ANbSHC HALWMX KOMMNAHWIA NO3BOANT CO3AaTh OAMH 13 KPYMHEMLWMNX LLEHTPOB 06pa60TKN CeiicMnYecknx aaHHbIX B Poccun. Mbl yBepeHsl, 4To LARGEO-
ION cMOXXET BbINOMHATb BbICOKOKAYECTBEHHbIE FMYOUHHbIE CEACMUYECKME MOCTPOEHUS 1 MO3BONUT HALLKUM KNMEHTaM 13 HedhTerasoBoii 0TPacv ObICTPO
BOCMOJ/1b30BATLCA NOCNEAHUMMU UHHOBALMOHHBIMU PELLEHNAMU B Chepe 06paboTKM AaHHbIX, TAKMMU Kak 06paLLeHHas MUrpaLns B0 BpDEMEHHO 061acTu
1 MHOrOBOJIHOBasi CbeMKa», — 0TMeTUN AnekcaHap SkoBnes, reHepanbHbiii MeHemxep LARGEO.




