Multicomponent internal multiple prediction
analysis with elastic stolt-migration, time-
stretching, best-fitting by high resolution radon

transform

Jian Sun®*, Kris Innanen, Daniel Trad, Yu Geng

Banff, 2017

O




» Multicomponent internal multiple prediction (MIMP) algorithm

» Monotonicity of actual depth and pseudo-depth/vertical-traveltime
» Several approximate solutions for input preparation

» Synthetic implementation and discussion

» Conclusion

» Acknowledgements

NSERC [ UNIVERSITY OF CALGARY

o

&4 FACULTY OF SCIENCE
Department of Geoscience




Multicomponent IMP

[1.5D formulation of MIMP (Matson, 1997; Sun and Innanen, 2016): J
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Multicomponent IMP

[Lower—Higher—Lower combinations in actual depth:}
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Monotonicity of actual & pseudo-depth

[FOF acoustic cases: }
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Monotonicity of actual & pseudo-depth

[For elastic cases: ]
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Monotonicity of actual & pseudo-depth

[For elastic cases: ]
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ApprOX|mate solutions for input preparation
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Approximate solutions for input preparation
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Approximate solutions for input preparation
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Approxmate solutions for input preparation
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Approximate solutions for input preparation
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Approximate solutions for input preparation

s Approximate solutions for input preparation:
» Elastic stolt migration (First mentioned by Matson, 1997)
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Approximate solutions for input preparation
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Synthetic -- model

Geological model Vp Vs Rho
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Synthetic -- shot profile

L' bel-P Primaries in P-mode
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Synthetic -- linear radon

P-P mode in T — p domain P-S mode in T — p domain
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Synthetic -- elastic stolt-migration

[Elastic stolt-migration (Etgen, 1988):}

Wavenumber kz (1/m)

(a)

Wavenumber kx (1/m)

)

Wavenumber kz (1/m

I 5000
|
I -5000

Wavenumber kz (1/m)

1
Wavenumber kx (1/m)

Wavenumber kx (1/m)

=44 UNIVERSITY OF CALGARY
w FACULTY OF SCIENCE
Department of Geoscience




Synthetic -- elastic stolt-migration

Elastic stolt-migration with wavenumber:
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Synthetic -- elastic stolt-migration

[Elastic stolt-migration with horizontal sIowness:J
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Synthetic -- elastic stolt-migration

{Elastic stolt-migration with horizontal sIowness:}
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Synthetic -- elastic stolt-migration/time-stretching

Prediction with time-stretching condition (¢ = 96ms):
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Synthetic -- elastic stolt-migration/time-stretching
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Synthetic -- best-fitting approach

0.5

M —
IME —
IME2D
IME —

IME —

-2000

-1000

0
Offset x (m)

1000

2000

Prg]
Pr-f_,

Prg‘;
Mh

ML
IME
IME

ME

IMY

IMg

0.5

-2000

-1000

(b)

0
Offset x (m)

1000

2000

Intercept time r(s)

0.5

-

-
[$,}

ra

2.5

2000

Intercept time r(s)

4000 6000 8000 10000
Velocity v (m/s)

2000

4000

(b)

6000 8000 10000

Velocity v (m/s)

=Avig(1+€) + Avpyy if "/, <ig<n
=Avig(1+€) — Avpyy if 1 <ig <™/,

O

NSERC

CRSNG

&

UNIVERSITY OF CALGARY
FACULTY OF SCIENCE
Department of Geoscience




Synthetic -- best-fitting approach
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Synthetic — best-fitting approach

Prediction with best-fitting condition (¢ = 200ms):
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Approximate solutions for input preparation

(a) (b)
05 - —
—Pp 600 — Depth-1
— PG — Dapth-2
PPPP — PP
—— FPSPIFSPP —Ps
——PS5P PPPP
~PPPS 800 —— PPSP/PSEP
—PSPS/PPSS ——PssP
e PPPS
| |=——Pspsipess
\ / |[——Psss
1000 |
= =
E —
— e ™
il N =
E g §
K 21200 - 3
= o
s E
& &
o
1400 |-
1600 |-
e : 1800 :

0.2 0 0.2
Horizontal slowness p (s/km)

0.2 0 0.2
Horizontal slowness p (s/km)

(c)
600 —— Depth-1
—— Depth-2
— PP
\_/ —e
PPPP
800 s s — PPSPIPSPP
‘\\...___‘__._'___,..’
—— PSSP
PPPS
——PSPS/PPSS
s
1000
1200 -
1400 F ¢
1600
1800 : :

-0.2 0 0.2
Horizontal slowness p (s/km)

Intercept time '?‘pp(S]l

0.5

('I':... — ...l...A.l...I.:.....]
(a)

0 05
Horizontal slowness p (s/km)

Intercept time TSP(SJ

[Dﬂn-l- £i4dinn~ ]
0 (b)

1.5

25

Horizontal slowness p {stkm)

UNIVERSITY OF CALGARY

FACULTY OF SCIENCE

Department of Geoscience




Synthetic — best-fitting & time-stretching

Best-fitting (6 = 200ms)

Cross-validate (¢ = 96ms)
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Conclusions

»We disclosed and discussed the issues of the multicomponent internal multiple
prediction using inverse scattering series.

» Elastic stolt-migration with two background velocities is not suitable for input
preparation.

» Time-stretching method retain the monotonic relationship of vertical traveltime
and pseudo-depth.

» Best-fitting velocity by high-resolution hyperbolic radon provided an
approximate solution which requires a large search parameter.

»Based on the opposite sorting order, the cross-validate condition obtained by
time-stretching and best-fitting velocity can produce an exact prediction while
allowing a regular constant epsilon.
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