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The cycle of full waveform inversion

Introduction
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The cycle of full waveform inversion
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The cycle of full waveform inversion

Introduction
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Physical modelling laboratory Introduction
CREWES laboratory Transducers Acrylic slab with channel

e We can control and vary many acquisition parameters From laboratory to real world scale
e We know the subsurface model that we want to solve; therefore,
we can monitor model errors almost exactly
e Physical modelling represents a potentially unique way of validating ~ Ffrequency 10000:1 10kHz=1Hz
and appraising complex methods involving real measurements of
seismic waveforms (F. Mahmoudian, 2013; K Al Dulaijan 2017).

Distance 1:10000 1 mm=10m

Photographs courtesy of Kevin Bertram.
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Physical model Physical modelling data
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Seismic events
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Velocity analysis & stack section Physical modelling data
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Directivity correction Data conditioning
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Directivity correction Data conditioning
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Changing waveform correction Data conditioning

Offset
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Changing waveform correction

Data conditioning
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Geometrical spreading from 3D to 2D Data conditioning

Multiplying by sqrt(t) and convolving by 1/ sqrt(t)

F D (1
rom 3D (1/r) (Bleistein, 1986; Pratt, 1999)
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Low frequency noise Data conditioning

Amplitude spectrum
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Low frequency noise Data conditioning

Amplitude spectrum
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Low frequency noise Data conditioning

Amplitude spectrum
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Wavelet estimation

Wawelet Estimator
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Wavelet calibration
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Initial velocity model Inversion process

1st iteration
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Gradient Inversion process

Spatial multi-scale approach
1) Migrate residuals with full-frequency band
2) Apply Gaussian smoother with a half-width of 160 m for the first iteration

1st iteration
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Velocity update Inversion process

1st iteration . . .
Well-calibration technique

Nonstationary matched filter
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Velocity update Inversion process

1st iteration

Weighted update
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New velocity model

1st iteration
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Inversion process
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Inversion process
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Velocity model, 1t.=25
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Inversion process
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Conclusions

e The CREWES seismic physical modelling laboratory facility is a valuable tool for evaluating
new seismic processing and interpretation techniques outside the synthetic environment.

* Physical modelling data have to be conditioned in order to be treated as real seismic data.

e We evaluated a nonstandard FWI approach that is referred as iterative modelling,
migration and inversion:

1) PSPI migration to obtain the gradient (instead of RTM).

2) Non-stationary matched filters from well-log velocity to calibrate the gradient
(instead of the step length method).

3) Spatial multi-scale approach. Iterative application of Gaussian smoothers to
frequency-band fixed migrated data residuals (instead of the frequency multi-

scale technique).

e The strategy showed great potential to recover long-wavelength information from
reflection seismic data.

"."’;' UNIVERSITY OF CALGARY

“t'*CREWES WWw.crewes.org W@ ciivorseince




Acknowledgements

Thanks

Kevin Bertram and Joe Wong
Sponsors of CREWES for their support

NSERC through the grant CRDPJ 461179-13

PEMEX and the government of Mexico for funding this research

Ny D) UNIVERSITY OF CALGARY
nserc [
“r*CREWES WWW.crewes.org €D usmne §9 LU
V. Department of Geoscience




Questions?

> . -
\ V4 S D) UNIVERSITY OF CALGARY
' CREWE. www.crewes.orq \ /R




	The CREWES seismic physical modelling laboratory as a tool for design and appraisal of FWI methods
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46

