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BBeaenne
Introduction

[Ipolecc mMurpaumym  CeVCMMYECKUX  HAaHHbIX COCTOUT 13  OBYX
Pa3fNYHBIX LIAroB — MNPOLAOSKEHVE MOJId BO BHYTPEHHUE TOYKN
Cpeabl VU MNofyYeEHVE M300paKeHNs (MHBEPCKS) B KayKAOW TOYKE
Ccpedb!.

[IpogomKkeHe Mo o KOHEYHO-PA3HOCTHOW CXEME MPUMEHNMO: Afs
MOLEJIEN  CTPOEHNA  Cpedbl  MNPOW3BOJSILHOM  CHIOKHOCTH U
ncrnonb3yercd B CBY (CemcmopasBenka BbLICOKOW YETKOCTH)
TEXHOOINW.

Migration of seismic data may be presented as two different steps —
continuation of wavefield inside the medium and imaging (Inversion) in each
point of medium.

Wavefield continuation by finite-difference scheme Is applicable for any.
complexity. velocity models and is used in HDS (High Definition Seismic)
technology.



[ locTatioBKa 3a4a4m
Problem definition

SP-1 SP-2 SP-3 SP-n

Q,

Hano: Initial data:
I u,,(r,t) — ODHOKOMIIOHEHTHEIE TPACCHI I u,(rt)—1Cwavefieldat £€[0,7] in
TOTHOTO MONA cMeleHnit ipy £ € [0, 7] B registration area ( <) QN Q=L
obnactu peructpauuu (J Q) QnQ=Y I Reference model of medium: v, (r) and o(7) in Q
IO OmnopHad MOFENE cpefbl v, (1 1 o(7) B (2

Honyaums: Task:
I TIpopoIckeHHOe MOJe CMellleHHuH i, (7,£) B (2 I Obtain continued wavefield 2, (r,£) in Q2
II. Hsobpakerue cpefbl B (2 II. Depth image of medium 1n Q2




CHocoOBI MUTPaIVI
Migration methods

BekTopHasa 3C murpauus Axkyctnyeckana 1C murpaums
Vector migration Acoustic migration

Cenekuus nons oTpaXxeHHbIX BOJSIH
Selection of upgoing wavefield

MpopoonxeHue
No aKyCTU4YeCKOMN cxeme nons
OTpaXXeHHbIX BOJIH
Acoustic migration of scalar
wave field

lNMpoaomnxeHne No aNacTUYHOMN cxeme
NOSIHOro BEKTOPHOro nons
Elastic migration of vector
wave field

Koppensuua npoaomkeHHOro
nonsi ¢ CUHTeTnvyeckon DP BonHoM
Correlation continued wavefield with

a synthetic DP wave

PeweHune obpaTHOM
AWHaAMU4YeCcKoMn 3agauu
Solution of the inverse dynamic
problem

Nony4yeHue nsobpaxeHus NMony4yeHue nsobpaxeHus
Image gathering Image gathering




Cxema 1C Myrpalmin
1C Migration scheme

Cenekuus nonsi oTpaXeHHbIX BOJSIH
Selection of upgoing wave fields

NocTpoeHne KOHeYHO-Pa3HOCTHOM CETKU
Finite-difference grid building

PacyeT BpeMeH nepBoOro BCTynrieHMA BOMHbI DP B KaXAo0M y3rie CeTKu
Ny4eBbIM MEeTO40M
First break time calculation in all grid knots by the ray tracing method

NMpopomxeHne No akyCTUYECKOU CXxeme MOJii OTPaAKEeHHbIX BOJSIH
Acoustic migration of scalar wave field

Koppensauua npoaonxKeHHOro nons ¢ CUHTeTudyeckon DP BonHowm
Correlation continued wavefield with a synthetic DP wave

NMocTpoeHue n3odbpaxeHnsa n3 KoachpuunMeHTOB Koppensaumm
Image gathering from correlation coefficients




CxeMa Mo4eAbHOI0 sKenepymenTa 2D
Scheme of 2D model experiment

N N O O Odosnauenns/Legend:

IIyHKTBI|B3pBIBA (19)

CeficMonIpHe MHHKH/
Receive Points

IIyHKT B3pBIBA/

CeficmonpuesriH (15) Shot points

CRBARHHA/
Well




CxeMa Mo4eAbHOI0 sKenepymernTa 5D
Scheme of 3D model experiment

IIyHK TSB!
E3pBIBA
(361)

Odos3nauenns/Legend:

CeHcMONPHe MHHKIL
Receive Points

IIyHKT B3pBIBA/
Shot pomts

CRBaRHHA/
Well




[lepsour aran 1C Myurpamim
First stage of 1€ Migration

[lepBbIr a1an MUrpaLy — 00paTHOE PACHPOCTPAHEHVE BONHOBONO MO
BOCXOASALIVX BOSH, 3apErMCTPUPOBAHHBIX Ha CKBaXkWHE, BHYTPL CpPedbl C
NOBEPXHOCTHBLIX MYHKTOB B3pbiBa. [lpy 3TOM KaKabii HNPMEMHMK MO
OYEpPEAN CTAHOBUTCH NCTOYHVKOM.

The first stage of migration - back propagation of the wavefield of upgoing waves
recorded on a borehole into the environment media from the surface shot points.
Thus each receiver in turn becomes the shot point.

o (1 ou ) o (1 ou )|

|
ay\pay) 8Z\p82)J




Bropon sram 1€ Murpamms
Second stage of 1C Migration

BTopbivM 3TanomM SBHSFETCH MNOCTPOEHME Wn300pakeHns. [Hns S1oro BO
BPEMEHHOM  OKHE  MPOMCXOANT  KOPPEnduus 1 CyMMVPOBAHME
NPOAOIKEHHOIO MO BOCXOASLIMX BOJH C CUHTETVNHECKOW MaAAtoLIEN

BOJIHOMW.

The second step IS to construct an Image. To do this In a time window IS
the correlation and summation of continued upgoing wavefield with
synthetic DP wave.




Visobpaskenne cpeap! (2D murpariyi)

Image of medium (2D migration)
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/I306pakeHNE, MOCTPOEHHOE MO MO0 OTPaXKEHHBIX UP BosiH. CrieBa
pexvm Bmayanndauyv global. Crnpaea - APY ¢ okHom 300 mc.

Image of medium building by wave field of UP waves. Global
visualization and AGS with 300 ms - window.



Visobpaskenne cpeap! (3D murpanss, ZOX cedeHnie)
Image of medium (3D migration, ZOX slice)
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Image of medium building by wave field of UP waves. Global
visualization and AGS with 300 ms - window.



AHaAVI3 HPOVIBBOANTEALHOCTI
Performance issue

KoHUrypaums knacrepa:
Cluster configuration:

2 y3j1a Ha 0a3e 2-x npoueccopoB Dual Core AMD Opteron™ 2,2 GHz kaabiun,
O I'0 omeparMBHOM MAMSITH

2 nodes based on 2-x processor Dual Core AMD Opteron™ 2.2 GHz each,
8 Gb RAM’®

2D Murpaums 3D Murpaumng
2D migration 3D migration
Bpewms, 4 :
: 0.66 (40 min) 250
Time, h
[lamvgarb, M6
15 per node 950 per node
Memory, mb




BhIBOABI
Summary

PeannsoBaHHbI  anropuTtM  KOHEYHO-PA3HOCTHOM  MUrpaumn
CEVICMUNYECKINX BOJIHOBBIX [onemn [O3BOJSIFET [HORYYNTH
[NPaBAONOAOCOHBIE N300PAKEHNS ABYMEPHBIX Y TPEXMEPHEIX CPEA.

The realized algorithm of finite-difference migration of seismic
wavefields provides a realistic Image of two-and three-dimensional
medium.

/Icnonb30BaHNE aKyCTUYECKOW CXEMLI B cBd3ke ¢ MPI n Thread
pacnapanienBaHneM [NO3BOMSIOT BbINOSIHATE KOHEYHO-
PA3HOCTHYIO.  MUIPAUVIO  OAHOKOMMOHEHTHBLIX  OaHHbIX [Py
[NPUEMIEMBIX 3aTpaTtax BbIUNCHANTENBHBIX PECYPCOB.

Using acoustic scheme In conjunction with. MPI and Thread
parallelization allow te perform the finite-difference migration of 1C
data at an acceptable cost of computing reseurces



