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Subsurface characterization by seismic imaging

» Incomplete dataset

» Incomplete acquisition geometry
» Surface acquisition, VSP

»Incomplete bandwidth
»Band-limited seismic data

» Incomplete resolvable wavenumbers
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Seismic frequency gap

Adapted from Jon Claerbout,
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Challenges of full waveform inversion
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Challenges of full waveform inversion

Recorded trace

-]
Bl _ = Low frequency data

-0'50 O.II 0.I2 0.I3 0.I4 0.‘5 0.16 0.17 0.18 0.19 1 u MiSSing from preVious

Time (sec) s
e ' ' ' MPdeI?d tra10e , ' ' ach|S|t|0nS
[ i ;

g 'l ] Expensive to acquire
:é: 0.5\ ]

Time (sec)

FWI objective function

1200
woo | ]
800 | -
= 600 -
>
400 | .
200 .-
qI -U.IB -O.IS -0.I4 -0.I2 CII 0.12 0.14 U.IB U.IB 1
‘elocity error
P Earth I BB Massachusetts
P~ Resources Slide 5 I I Institute of
&. La boratory 2016 Annual Founding Members Meeting Technology



Seismic frequency gap

Adapted from Jon Claerbout,
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Outline

* Synthesize low frequencies
— Data space: event separation and extrapolation
e Full waveform inversion
— Initial solution: initialization using synthesized data

* Conclusions
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Seismic event separation

Li and Demanet, Geophysics,2015
Data model: r

d(w, z) ~ Z@j (w, )
j=1
where atomic events
0(w, ) = ww)a;(w, z)e3 ")

! 1

Source T Phase

Amplitude

Separation is required for extrapolation (assuming no attenuation):
* Amplitude remains constant for all frequencies
* Phase is a linear function of frequencies
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Phase and amplitude tracking

Noisy data record

Single shot gather:

* FDTD constant density acoustic
* Additive noise of 30%

* Band-limited [7-40] Hz
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Event separation
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Frequency extrapolation
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Low frequency extrapolation

Shot record on land
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Low frequency extrapolation
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Outline

* Synthesize low frequencies
— Data space: phase-tracking and extrapolation
* Full waveform inversion

— Initial solution: initialization using synthesized data

* Conclusions
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Marmousi model
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Full waveform inversion at lowest available freq.

With recorded low frequency Without low frequency
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Full waveform inversion with low frequency data

With recorded [1 - 5] Hz With extrapolated [1 -5] Hz
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Full waveform inversion with frequency sweep

With recorded low frequency With extrapolated low frequency
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Li and Demanet, to appear in Geophysics, 2016
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Full waveform inversion at lowest available freq.

Without low frequency

With recorded low frequency
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Conclusions

. Low frequency data can be extrapolated from
the band-limited field recordings

a. Event tracking = separation

b. Non-attenuative medium - frequency
extrapolation

Extrapolated low frequencies are imperfect, but
reliable for initializing FWI

a. Amplitude information = normalized
b. Phase information = reliable for initializing FWI
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Thank you!

Filling in the low frequency gap

Adapted from Jon Claerbout,
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