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Shadow changes recorded time

Correct travel time:
Wrong travel time reflection wave will come
at 2 different shifted times

x A
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Forward modeling: TPOT&TWSM vs FD

TPOT&TWSM

Analytical & visualization

Gives separate waves’ description

Computation time
proportional number of modelled waves

FD

Numerical

Gives total solution

Computation time
depends on equation



TPOT&TWSM gives separate waves’ description

Arkady Aizenberg, Milana Ayzenberg and K.D. Klem-Musatov, 2011

Gives flexibility of modeling code (C1, C2 etc.)
and separate description of each wavefield fragment (F1, F2, F3, F4)
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V-model: 3D 2-block with shadow zone

Shadow = velocity contrast

mathematical model

real model

10



Outline

Shadow

Forward modeling methods description

TPOT&TWSM method
V-model: 3D 2-block with shadow zone
Analytical solution by Transmission-Propagation Operator Theory (TPOT)
Forward modeling by Tip Wave Superposition Method (TWSM)

Comparison with FD

Conclusions

11



TPOT statement of problem for particles. V-model
Alena Ayzenberg, N. Zyatkov, W. Weibull, Arkady Aizenberg, A. Stovas, to be submitted

Wave motion equation in media m=1,2

Radiation condition in media m=1,2

Edge condition in media m=1,2

Boundary condition

Particle velocity / pressure vector u_ =
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TPOT statement of problem for amplitudes. V-model

Arkady Aizenberg, N. Zyatkov, Alena Ayzenberg, E. Rakshaeva, 2014
Arkady Aizenberg, Milana Ayzenberg and K.D. Klem-Musatov, 2011
Arkady Aizenberg and Alena Ayzenberg, 2015

0
New equation d = Pa+ a( )

n =2 — approximation of feasible source wavefield

[P0 L _[Bn B
o P, ™ P P

P (%, 5,5, %) (K)=Q" K,,, H*

m> “m? m’ m

} a_ _[ '“) —amplitudes, m =1, 2 (Medium I, II)
a_

m

Z[ P, PhG] a¥ —feasible source wavefield which accounts for shadow

’

S ,S ) <K >— feasible Kirchhoff operator which accounts for shadow

m?’~m

K

-
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TPOT statement of problem for amplitudes. V-model

Arkady Aizenberg, Milana Ayzenberg and K.D. Klem-Musatov, 2011

Milana Ayzenherq, Arkady Aizenhera H. Helle K_Klem-Musatoy, 1. Paichel R_Llrsin, 2007 Milana Ayzenherg | Tsvankin Arkady Aizenherg R Lrsin 2009

E. Rakshaeva, T. Nefedkina, Arkady Aizenberg, R. Vilegzhanin, P. Lykhin, 2015

New boundary condition d = T d

Tll T12 O Tmn
T= , 1. .= , mn=12
T,, T, T 0

T,(s,s)=F"(s,k) T, (k) F(k,s)

3D curved | plane interface

k = ( kl’ kZ )
5= ( Sps 52)
2 k3n
£, (k) =—2F Phnewave
kﬁ n k3] transmission coefficient
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TPOT solution for V-model

Arkady Aizenberg, Milana Ayzenberg and K.D. Klem-Musatov, 2011
Alena Ayzenberg, N. Zyatkov, W. Weibull, Arkady Aizenberg, A. Stovas, to be submitted

i 0]
a=Pa+a
New statement of problem <

a=Ta

l
a=PTa+a”
[Pl <1, [T =1

\4

a=[PT]3 a+a” +a" +a?, a"” =[P T|[PT| al”

solution: 0
source wavefield and a - a( ) +a(

double transmitted wavefield
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Forward modeling by TWSM for V-model

Arkady Aizenberg, 1982, 1993
Arkady Aizenberg, Milana Ayzenberg and K.D. Klem-Musatov, 2011
Alena Ayzenberg, N. Zyatkov, W. Weibull, Arkady Aizenberg, A. Stovas, to be submitted

3D curved | plane interface 1

a=a"”+a”? =a% +[PT|[PT]a" n
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Forward modeling by TWSM for V-model

Alena Ayzenberg, N. Zyatkov, Arkady Aizenberg, A. Stovas, 2014

a? =(PXT) kP K) aX¥

receiver propagation transmission propagation transmission source

VAR
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Forward modeling by TWSM for V-model

Alena Ayzenberg, N. Zyatkov, Arkady Aizenberg, A. Stovas, 2014

0
a

source

% 1 (0] (0]

aG +PG11 PhGll aG

vV vV VY 2-terms approximation
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Forward modeling by TWSM for V-model

Alena Ayzenberg, N. Zyatkov, Arkady Aizenberg, A. Stovas, 2014
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propagation transmission source
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v
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Forward modeling by TWSM for V-model

Alena Ayzenberg, N. Zyatkov, Arkady Aizenberg, A. Stovas, 2014

a? =(PxT) kP R a¥

receiver propagation transmission propagation transmission source
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v
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Amplitude

TWSM vs FD. V-model

Alena Ayzenberg, N. Zyatkov, W. Weibull, Arkady Aizenberg, A. Stovas, to be submitted

Red TWSM, Black FD Relative error

Wedge model : Diffraction attenuation coefficient (DAC) Wedge model : DAC relative difference (TWSM - FDI/[TWSM])
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Conclusions

For V-model:
TPOT approach is applied

Statement of problem in terms of particles is rewritten in terms of amplitudes
Solution for amplitudes is obtained

TWSM modeling is done to receiver line below V-boundary
Comparison with FD for gives relative error 3 percent
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