WO 2012/134609

1/5

101

FWI for shallow subsurface
model based on shallow primary and
estimated wavelet W

€

PCT/US2012/022228

1024 ¢

Simulate multiple M based on shallow
subsurface model and wavelet W

103

Does M match
multiple X in a selected window

Phase rotation operator:
O = Ph(M) - Ph(X)
W« OW

1

Amplitude correction:

WeaWw

1

I

I

I

I

I

I

I

I

:

: a = Amp(M)/Amp(X)
I

I

I

I

: Spectral shaping filter:
I

I

I

H = IMI/IXI
W+ HW
-
A

in recorded data
?

105-

Subtract predicted multiples and
continue FWI on deep primary

106

Is decision Yes

103 changed?

107+

Final subsurface model and wavelet

FIG.

1



222222222222222222222222222222

2/5




WO 2012/134609

\ \\.wi\‘;\‘\ R
A
NN N\\'.}\\\

s

R
N
X
3

s

\\\\ AN 2
\s N \:\\'ﬁ\

3

5000 5500 6000 5000 5500 6000 5000 5500 6000

FIG. 6

3.8
3.9
4.0
+ e L \\‘
X = R e QNN v
R V ,\\\‘ N N R PR 3 \\\\\
\\ A-:~::§£§-\4,\\~. R X X ..\5\\\ \\\\\\:\\\\\E\u\,\\\\\s\\
42 AR ENRR .W'-\\\\\\\\
L \\ o
. N R X X \ \\\\\\‘\\ \\\\‘ N \3{\\
TR = \'\\\\ ) RN N
4.4 f%\\:\\\\%\\\\*\i\\\ \\E\W\
. R \\. 3 \ N R \\\

FIG. 8

X
3 SRS SRR X
X X % > SRR Ny
RN .\\._‘\\\\\_\ N R i\\ BRI D X
R 2 R
R \\\:\ :\ N X F%‘\%\\\‘\\ \\
D \\\

5000 5500 6000 5000 5500 6000 5000 5500 6000

PCT/US2012/022228

3/5

N
= = -
\\\§ \“ \‘\ﬁ\E\&%\\ :

\\ R AR X §

3 NN TR
\\\\\\\\\\\ \\\\\@'\
4R \\\\\g\\\\\\ \\\*\\\\\\}_\\_

5000 5500 6000 5000 5500 6000

FIG. 7

T
K N
NN

\_\\\\\\‘\\

5000 5500 6000

I
R
S TINNRRN

SRR
D
X

.
k(\\\\\ X&\\\ \\\

NN R
NS R
e

5000 5500 6000 5000 5500 6000 5000 5500 6000

FIG. 9




WO 2012/134609

dB

101

dB

101

Recorded data with
multiple (solid) and
deep primary (dash)

s>

10|
109

10-10

108]
109}

10-10

PCT/US2012/022228

0 10 20 30 40

Wavelet estimation
without inversion of
deep primary

Wavelet estimation with
inverted deep primary
separated from
recorded data

-
.
3

Simulated multiple

/

FIG. 11

/

FIG. 12




WO 2012/134609 PCT/US2012/022228

5/5

FIG. 13



