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CopepXaHue

* MoTtuBauma

* Cnocobbl BOCCTAHOBNEHMA CKOPOCTHbIX aHOMA/TUI
— CraHpapTHaa Tomorpadus
— MeToa coBmecTHOro obpatleHus

— Ob6obLeHne meToga obpalleHus NoJHOro BOJIHOBOIO
nons

 MoaenupoBaHme BOJIHOBbIX NOAEN NCEBAOCNEKTPAIbHbIM
MeToA0M

e ANTOPUTM BOCCTAaHOB/IEHUA CKOPOCTHbIX aHOMa/INM
* Pe3ynbTaT BOCCTAHOB/EHUA CKOPOCTHbIX aHOMa/TN

* BbiBOAbI

28th October 2015, Moscow
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MoTtusauua

CeiCMUUYECKMN MOHUTOPUHT NCNONb3YeTCA ANA:

 OnpepeneHnsa U3MeHEeHUN CBOUCTB pe3epByapa

e XapaKTepUCTMKM NPOLLECCOB B pe3epByape

* OueHKU 3pPeKTUBHOCTM Mep Mo CTUMYNALKUK pe3epByapa

* KoHTponAa 3a pacnpoctpaHeHnem CO, B TeXHONOTUMU
YNaBANBAHUA U XPaHEHMA yrnepoaa

28th October 2015, Moscow




Baseline velocity model, 2009 Y, (M/sec)
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HeKoTopblie cnocobbl BOCCTAHOBEHUSA
CKOPOCTHbIX aHOMa/INU

A) Tomorpaduma Ha OCHOBe AAaHHbIX MEXXCKBAaXKMHHOIO
MOHUTOPUHra (“ctaHpgapTHaa Tomorpadpuma”)

B) MeToa, coBMmecTHOro obpalieHua 3ageprKeK BpemeH
nepsbiX BCTYNJAEHUUN U TNYOUHHDbIX CABUroB Ha
MUIPUPOBaHHbIX U306parkeHnaAx (“meton coBMecTHOro
obpateHmna”)

C) O606weHne meToga obpalleHMA NOJHOro BOJIHOBOTO
nona Ana 3agadvy ceMcmmyeckoro mMoHuTopuHra (“Fwl”)

28th October 2015, Moscow 5
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CTtaHaapTHaA Tomorpadusa

Tomorpaduna Ha OCHOBE AAHHbIX MEXCKBAaXKUHHOTO
MOHUTOpPMHra (Spetzler n gp., 2007)

* [TMKNpPYIOTCA BPEMEHA NPUX0AA NEPBbLIX BCTYMN/IEHUIM Ha
OMOPHbIX U NOBTOPHbIX AaHHbIX. ONpeaenatoTca BpeMeHHbIE
CABUIU:

* BoccTaHOB/IEHME CKOPOCTHOW aHOMANNKU MPOUN3BOAMUTCA Ha
OCHOBe 0bpalleHna BpeMeHHbIX CABUIOB:

At — 6v(x, z)

Spetzler J., Sijaci¢ D., Wolf K. H. Application of a linear finite-frequency theory to time-lapse crosswell tomography in
ultrasonic and numerical experiments //Geophysics. — 2007. — T. 72. — Ne. 6. — C. 019-027.

28th October 2015, Moscow
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[laHenb BpemMmeHHbIX COBUToB

Direct waves timeshift (ms)
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MeTopa, coBmecTHOro obpatlleHumsa

MeTopa coBMecTHOro obpallieHnA 3aaeprKek BpemeH
nepBbIX BCTYNJAEHUN U TNYOUHHDbIX CABUroB Ha
MUrpupoBaHHbIX u3obpaxkeHuax (Abakumov n ap., 2014)

* NHPopMmaLMio OTParKEeHHbIX BOJIH MOYKHO UCMO/1b30BaTb
ANA yNydYLWeHUa naTepasbHOro paspeLleHus

* [lpeanoyTuTeNbHEE NCMONb30BaTb MYyOUHHbIE CABUTM Ha
MUTPUPOBAHHbIX N300PaXKEHMAX

* WNHBepcma popMynnpyeTca Kak 3aga4a HeENNHENHOMU
onNTUMM3aLUU

* CneumanbHble uenesble GyHKLUMM NO3BONAIOT Yy4ECTb
CNEKTPa/IbHYIO PAa3HULYY CUTHANOB

Abakumov ., Kiyashchenko D. A., Kashtan B. M. Time-lapse Anomalies Reconstruction via Joint Inversion of Direct
Waves and Reflection Images //76th EAGE Conference and Exhibition 2014. — 2014.

28th October 2015, Moscow 8
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Cencmmnyeckme n3obparkeHumsa

[NyObMHHbIE CABUIMM HA CEMCMUNYECKNX
o n3o0bparkeHnax
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MeToa obpalleHmna NoNHOro BOHOBOTO
nona (FWI)

 Teopwus metona FWI 6bina pa3spaboTtaHa B 1980-x

* FWI no3sonaeT makCMma/ZibHO UCNO/1b30BaTb
3aperncTpmpoBaHHyto nHdopmauuto (“sce Tmnbl BosH”

* FWI no3BonaeT BOCCTaHaB/AMBATb BbICOKO pa3peleHHbIE
CKOPOCTHbIE MOoAde/in Cpebl

* Metoa FWI aBnaeTtca AOpOrMm € BblYNCANTENbHOU TOYKMU
3peHunA, 0A4HAKO CTAaHOBUTCA AOCTynHee bnaronaps

noBblIlLEHUIO MPON3BOANTE/IBHOCTU BbIMNCIINTE/IbHbLIX
cncTem

28th October 2015, Moscow
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Ob606weHna metoaa FWI gna 3apnay
CEUCMMNYECKOTO MOHUTOPUHTA

 Double difference method (Watanabe et al., 2004; Denli
and Huang, 2009)

— Ha nepsom ware BOCCTaHaB/INBAETCA OMNOPHAA CKOPOCTHaAA MOA4E/b,
Aanee o6pau.|,aeTcn Pa3HULUa BO/THOBbIX nonen:
_ m b m b
Ad = (dg, —d3,) - (dg, —d

obs calc calc )

— [MopaBnAeT KOrepeHTHbIN LWYM

e Parallel difference method (Plessix et al., 2010)

— HesaBucnmo obpaulatoTca onopHbie U MOBTOPHbIE AaHHbIe HAYUHASA C
OAMHAaKOBOM UCXOAHOW MOAEeNmn

— He TpebyeT TouHOro Bocnpoun3BeaeHUa cuctembl HabatogeHum
— MpuBoaunT K apTedaKktam

 Sequential difference method

— CKopocCTHas moaenb, nonyyeHHasa obpalleHUem OnopPHbIX AaHHbIX,
ABNAETCA UCXoAHOM AnA obpalleHMs NOBTOPHbIX AaHHbIX

28th October 2015, Moscow 11
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MopenupoBaHue BONHOBbIX NONEN

ncesaoCneKTpaibHbIM METOA0OM

m NcxoaHbin EL2D Kop (Ekkehart Tessmer, University of
Hamburg) HanucaH Ha C, nHterpmposaH B8 MATLAB ¢
nomouibto TexHosorum MEX

m Kop BbluncnaeT BONIHOBbIE NonA B ynpyron 2D cpene ¢
nomoLLblo NpeBaocnekTpanbHoro (Pypbe) metoaa™

B KoA MmeeT ABa peXmma moaeIMpoBaHUA:
m TOYeYHbIN UCTOYHUK

H MO,EI,efIMpOBaHMe C rpaHN4YHbIM yC10BUEM B KayecCTBe

MCTOYHUKA

*Kosloff, D., Reshef, M., & Loewenthal, D. (1984). Elastic wave calculations by the Fourier method. Bulletin of the
Seismological Society of America, 74(3), 875-891.

28th October 2015, Moscow
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MopenupoBaHue BONHOBbIX NONEN
ncesAoCneKTpasibHbiIM MEeTOA0M

Forward modeling Backward modeling
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ANTOPUTM BOCCTAaHOB/IEHUA CKOPOCTHbIX
aHOMaNnn

Initial data:

e Observed data d
e Parameters of starting model m,,
e A priory information

I
! | L-BFGS-B !

m,,; =m, +Am, Find correction to starting
Solve a numerical wave model Am,
equation h .
G(m,)=p; Am;=-H"g
______ |
L S |
SEEE EL2D |
p'; - predicted seismic Gradient of cost Hessian
wavefield function g matrix H
Define residual dataset: Define cost function:
Ad=p’,-d ‘ f=1/2 (bd)?

28th October 2015, Moscow

14



05.11.2015
SAINT-PETERSBURG STATE UNIVERSITY
Pe3yn bTdTbl BOCCTAHOB/1€HUNA
\J
CKOPOCTHbIX aHOMaJ1NWU
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Depth (m)

Velocity perturbation (m/s)
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Pe3ynbTraTbl BOCCTAHOBEHMUS
CKOPOCTHbIX aHOMa/INU
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BbluncantenbHaa CAOXKHOCTb MEeTo40B

MeTop, NpoueccopHoe BpemA

CtaHoapTHaa tTomorpaous

Aap pad ~1/4 yvaca
MeToa coBMeCcTHOro

~ 2 yaca
obpaleHmns
MeTopa obpalleHmne nosIHOro
P ~ 48 yacos

BOJIHOBOIO NonA

* MeToA4 COBMECTHOrO O6paLLI,eHMFI ABNAETCA KOMMNPOMUCCOM
mexay TOHHOCTbHO BOCCTaHOBJ/1IEHNA aHOMAJ 1NN U
BbIYNCANTENIBHOWN CNOXKHOCTbIO MeToa

28th October 2015, Moscow
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BbiBoAabl

B paHHOM paboTe mMbl CpaBHUAN TPU METOAa BOCCTAHOB/IEHUA
CKOPOCTHbIX aHOMA/IMN: CTaHAAPTHYIO TOMOrpaduto, meToa
COBMECTHOro obpalleHmsa u meToa, NCNOo/b3YIOLLUINA
obpaleHmne nonHoro BonHosoro nons (FWI)

* Hambonee TOYHO yaaeTca BOCCTaAHOBUTb aHOMAJIUIO C
nomoulbto metoaa FWI

* Ecaum yyecTb BbIMUCINTENBHYIO CIOXKHOCTb, METO/, COBMECTHOIO
obpalleHns OKa3biBaeTCs NPUBAEKATE/IbHbIM T.K. MO3BONAET C
npMemaeMbiMU BPEMEHHbIMM 3aTPaTaMM BOCCTAaHOBUTb
aHOMAINIO C YNYYLLIEHHbIM NPOCTPAHCTBEHHbIM pa3peLlleHneM

28th October 2015, Moscow

05.11.2015

18



05.11.2015
SAINT-PETERSBURG STATE UNIVERSITY

bharogapHoOCTH

* AsTOpbl 6narogapHbl Shell E&P (CRDF rpaHT UG1-30027-ST-12)
n CNoery (rpant 11.38.217.2014) 3a noaaep*Ky aTon paboThbl

 Cnacmbo 3a BHUMMaHue!

28th October 2015, Moscow
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Fast sweeping method

Distance [m]
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Green — Fast sweeping method

— Conventional finite-difference eikonal solver
Grayscale — solution of wave equation

20



05.11.2015
SAINT—PETERSBURG STATE UNIVERSITY

Fast sweeping method
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Green — Fast sweeping method

— Conventional finite-difference eikonal solver
Grayscale — solution of wave equation
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Fast sweeping method

Distance [m]
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Green — Fast sweeping method

— Conventional finite-difference eikonal solver
Grayscale — solution of wave equation
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Fast sweeping method
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Green — Fast sweeping method

— Conventional finite-difference eikonal solver
Grayscale — solution of wave equation
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