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BBeaenue
Introduction

[lpouecc wmurpaumm CEeNCMUYECKMX [OdaHHbIX COCTOMT W3  AOBYX
Pas3nnYHbIX LaroB — MPOAOIMKEHME MO BO BHYTPEHHUE TOYKU
cpedbl U nonyvyeHne mn3obpaeHus (MHBEPCUS) B KaXKOOW TOYKe
cpeabl.

[TpogomnmxeHne nongd no KOHEYHO-PaA3HOCTHOW CXemMe MNPUMEHUMO ANH
MOOENMEN CTPOEHUS  cpedbl MPOM3BONBLHOWM  CIIOXHOCTU WU
ncnonodyetrcas B CBY (CenmcmopasBenka BbLICOKOW YETKOCTH)

TEXHOJ10I'NHN.

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.



I locTaHoBka 3aaauu
Problem definition

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

Q,

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

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




CriocoOp1 MUrpanumn
Migration methods

BekTtopHasa 3C murpauus Akyctnyeckasa 1C murpaumsa
Vector migration Acoustic migration

Cenekuus nons oTpaXxeHHbIX BOMH
Selection of upgoing wavefield

MNpopomxeHue
Nno aKyCTU4YeCKOM cxeme nons
OTpa)XeHHbIX BOJIH
Acoustic migration of scalar
wave field

NMpoaomnxeHue No anacTU4YHOM cxeme
NONMMHOro BEKTOPHOIo nonsi
Elastic migration of vector
wave field

Koppensauua npoaormkeHHOro
nons ¢ cuHteTtuyeckon DP BonHoMn
Correlation continued wavefield with

a synthetic DP wave

PeweHune obpaTtHOM
ANHaAMMYeCcKoOW 3aaaumn
Solution of the inverse dynamic
problem

NMonyyeHne nsobpaxeHus NMonyyeHne nsobpaxeHus
Image gathering Image gathering




Cxema 1C murpanmmn
1C Migration scheme

Cenekumsa nonsi oTpaxeHHbIX BOJH
Selection of upgoing wave fields

NMocTpoeHue KOHEeYHO-Pa3HOCTHOU CEeTKU
Finite-difference grid building

PacueT BpemMeH nepBoro BCTynrieHUsa BonHbl DP B KaXXaoMm y3ne ceTku
Jfly4yeBbIM METOAO0M
First break time calculation in all grid knots by the ray tracing method

lNMpogonxeHne NO aKkyCTUYECKOMN CXeMe NOoJif OTPaXeHHbIX BOJTH
Acoustic migration of scalar wave field

Koppensuusa npoaorkeHHOro nonsi ¢ cuHretn4yeckon DP BonHowm
Correlation continued wavefield with a synthetic DP wave

NMocTpoeHune nsobpaxeHnsa ns koacpcpuuneHToB Koppensaumm
Image gathering from correlation coefficients




CxeMa MOAeABHOTO dKcrepymenTa 2D
Scheme of 2D model experiment
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CxeMa MOAeABHOTO dKcrepymenTa 3D
Scheme of 3D model experiment
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[lepspin sTan 1C murpann
First stage of 1C Migration

[epBbI 3Tan mMurpauum — obpaTtHoe pacnpocTpaHeHWe BOMHOBOIO MOsis
BOCXOASLLNX BOSH, 3aperMcTpMpoBaHHbIX Ha CKBa)KMHE, BHYTPb Cpedbl C
MOBEPXHOCTHbIX MNYHKTOB B3pbiBa. [lpn 9TOM Kaxablh MNPUEMHUK MO
ovyepean CTaHOBUTCS MCTOYHUKOM.

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.
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Bropon stan 1C Mmurpanun
Second stage of 1C Migration

BropbiMm 3Tanom 4BNSeTcs MNocTpoeHue usobpaxenusi. [na aTtoro BO
BPEMEHHOM  OKHE  MPOUCXOOMUT  KOppensaums U CyMMUpOBaHue
NPOOOIKEHHOrO MONSA BOCXOAALLUMX BOJMH C CUMHTETMYECKOW naaaroLlen

BOJTHOMW.

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.




I300paskenne cpeasl (2D murpanu:)

Image of medium (2D migration)

N3o0b6paxeHne, NnocTpoeHHoe no nosnto oTpaxeHHbix UP BonH. Cnesa
pexum Bmnsyanunsaumm global. Cnpasa - APY ¢ okHom 300 mc.
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Image of medium building by wave field of UP waves. Global
visualization and AGS with 300 ms window.



I3o0paskenne cpeasl (3D murpanust, ZOX cedeHue)
Image of medium (3D migration, ZOX slice)
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N3o0b6paxeHne, NnocTpoeHHoe no nosnto oTpaxeHHbix UP BonH. Cnesa
pexum Bmnsyanunsaumm global. Cnpasa - APY ¢ okHom 300 mc.

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



AHaAN3 IPOU3BOAUTEABHOCTU
Performance issue

KoHdurypauma knacrepa:
Cluster configuration:

2 y3;1a Ha 0a3e 2-x npoueccopoB Dual Core AMD Opteron™ 2,2 GHz kaxabiu,
8 1'0 omepaTuBHON MaAMSTH

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

2D murpauuga 3D murpauusa
2D migration 3D migration
Bpema, 4 :
Time. h 0.66 (40 min) 250
[MamsaTtb, M0
Viaeny, mils 15 per node 950 per node




BbIBOABI
Summary

Peann3oBaHHbIM  anropuMtM  KOHEYHO-Pa3HOCTHOW  Murpauum
CENCMUNYECKNX BOJTHOBbIX nonewu No3BONAET Nony4nTb
npaBaonogobHbIE N300paXKeHNA ABYMEPHbLIX N TPEXMEPHbIX Cpea.

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

icnonb3oBaHne akyctudeckon cxembl B cBa3ke ¢ MPIl u Thread
pacnapannenmeaHnemM No3BOMAKT BbINOMNHATL KOHEYHO-PA3HOCTHYIO
MUrpaLnio OQHOKOMMOHEHTHbIX AaHHbLIX NPU NpUeMnemMblX 3atpartax
BbIYMCNUTENBHbIX PECYPCOB.

Using acoustic scheme in conjunction with MPlI and Thread
parallelization allow to perform the finite-difference migration of 1C
data at an acceptable cost of computing resources



