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Seismic noise interferometry: sources from noise
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Benefits of seismic noise interferometry

@ Ability to generate very low frequency virtual-sources (proven in this
presentation).
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Benefits of seismic noise interferometry

@ Ability to generate very low frequency virtual-sources (proven in this
presentation).

@ Locating virtual-sources where real sources are undesirable (marine
life, infrastructure, deep water).

@ Time-lapse with permanent arrays is straightforward.

@ Potential near-surface starting models for higher frequency
velocity-model building (proven in next presentation).
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Seismic noise interferometry in exploration seismology
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Seismic noise interferometry in exploration seismology

Global seismology community

@ 1957, Keiiti Aki: Rayleigh wave phase velocity from angular average of
microseisms correlation.

@ 2001, Weavar and Lobkis: ultrasonics without a source in a laboratory
experiment.

@ 2003, Campillo and Paul: far-field (69 km) impulse response at
0.125 Hz from correlations.

Exploration seismology community

@ 1968, Jon Claerbout: theory of 1D reflection response by
auto-correlation.

@ 1995, Steve Cole: SEP field experiment - unsuccesful for reflections.

@ 2001, Schuster and Rickett: numerical full 3D response from
correlations.

@ 2004, Kees Wapenaar: theory of 3D reflection response by correlations.

@ 2007, Brad Artman: Valhall passive recordings - unsuccessful for
reflections.

Give up? No application of seismic interferometry for reservoir imaging?
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Some early pioneers

Using broad-band sensors

@ 2006, Peter Stewart: Scholte waves virtual-sources between
0.3 — 2.0 Hz and from OBC in Gulf of Mexico.
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Valhall OBC noise recordings
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Some early pioneers

Using broad-band sensors

@ 2006, Peter Stewart: Scholte waves virtual-sources between
0.3 — 2.0 Hz and from OBC in Gulf of Mexico.

@ 2009, Bussat and Kugler: Scholte waves between 0.1 — 1.0 Hz
from OBN off-shore Norway.

@ 2009, Gaiser and Vasconcelos: Scholte waves between
1.0 — 4.0 Hz from OBC in Gulf of Mexico.
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Some early pioneers

Using broad-band sensors
@ 2006, Peter Stewart: Scholte waves virtual-sources between
0.3 — 2.0 Hz and from OBC in Gulf of Mexico.
@ 2009, Bussat and Kugler: Scholte waves between 0.1 — 1.0 Hz
from OBN off-shore Norway.
@ 2009, Gaiser and Vasconcelos: Scholte waves between
1.0 — 4.0 Hz from OBC in Gulf of Mexico.
Meanwhile at Valhall
@ 2007, Brad Artman: Studied 3 — 60 Hz - no omnidirectional point
sources for body waves. Noise comes from flare at a neighboring
field.
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Some early pioneers

Using broad-band sensors
@ 2006, Peter Stewart: Scholte waves virtual-sources between
0.3 — 2.0 Hz and from OBC in Gulf of Mexico.
@ 2009, Bussat and Kugler: Scholte waves between 0.1 — 1.0 Hz
from OBN off-shore Norway.
@ 2009, Gaiser and Vasconcelos: Scholte waves between
1.0 — 4.0 Hz from OBC in Gulf of Mexico.
Meanwhile at Valhall
@ 2007, Brad Artman: Studied 3 — 60 Hz - no omnidirectional point
sources for body waves. Noise comes from flare at a neighboring
field.
@ 2009, Landes et al.: Scholte waves above > 3 Hz from platform
noise.
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Some early pioneers

Using broad-band sensors

@ 2006, Peter Stewart: Scholte waves virtual-sources between
0.3 — 2.0 Hz and from OBC in Gulf of Mexico.

@ 2009, Bussat and Kugler: Scholte waves between 0.1 — 1.0 Hz
from OBN off-shore Norway.

@ 2009, Gaiser and Vasconcelos: Scholte waves between
1.0 — 4.0 Hz from OBC in Gulf of Mexico.

Meanwhile at Valhall

@ 2007, Brad Artman: Studied 3 — 60 Hz - no omnidirectional point

sources for body waves. Noise comes from flare at a neighboring

field.

@ 2009, Landes et al.: Scholte waves above > 3 Hz from platform
noise.

@ 2009, Dellinger and Yu: Omnidirectional Scholte waves
0.2 —2.00 Hz.
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of ambient seismic noise

P component

©
£ o 4—
)
®
o I
-
]
°
5w
£
5]
° i
@
L4
~
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2
Logyg Frequency [Hz]
Z component
©
= o o
°
®
s 1
-
] —
s,
2
=
£
5]
@ i
@
L4
~
|
o

-2 ~15 -1 05 0 0.5 1 1.5 2
Logyg Frequency [Hz]

Valhall OBC noise

joerd de Ridder Correlating OBC noise recordings



cy spectra of ambient seismic noise
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y spectra of ambient seismic noise
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Swell noise (< 0.18 Hz)

Ocean swells dominate the
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of ambient seismic noise
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Microseism noise (0.18 — 0.40 Hz)
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Microseism noise (0.40 — 2.00 Hz)

Short wavelength microseisms
dominate the vertical

component.
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y spectra of ambient seismic noise
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Field-operations noise (> 2 Hz)

Operations noise,
boat noise,
seismic survey noise.
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Seismic interferometry

@ Seismic interferometry aims to generate virtual-sources by
correlation of seismic noise recordings (Claerbout, 1986;
Wapenaar, 2004).
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Seismic interferometry

@ Seismic interferometry aims to generate virtual-sources by
correlation of seismic noise recordings (Claerbout, 1986;
Wapenaar, 2004).

@ Correlating all noise-recordings with the recording at one
station generates a virtual-source gather as if that station
were acting as a source:

d(x,, xs) = r(x,) r*(xs)
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Seismic interferometry

@ Seismic interferometry aims to generate virtual-sources by

correlation of seismic noise recordings (Claerbout, 1986;
Wapenaar, 2004).

@ Correlating all noise-recordings with the recording at one

station generates a virtual-source gather as if that station
were acting as a source:

d(x,, xs) = r(x,) r*(xs)

@ Selecting each station as virtual-source generates a full virtual

Background

seismic survey:
D(Xy, Xs) = r(x;) ¥ (xs)
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Seismic interferometry

@ Seismic interferometry aims to generate virtual-sources by
correlation of seismic noise recordings (Claerbout, 1986;
Wapenaar, 2004).

@ Correlating all noise-recordings with the recording at one
station generates a virtual-source gather as if that station
were acting as a source:

d(x,, xs) = r(x,) r*(xs)

@ Selecting each station as virtual-source generates a full virtual
seismic survey:
D(Xy, Xs) = r(x;) ¥ (xs)

Too good to be true?

Background Valhall OBC noise Seismic interferometry Virtual-sources

Sjoerd de Ridder Correlating OBC noise recordings



Pitfalls of seismic interferometry

@ Needs all wave-modes randomly and equally excited in space
and time (energy-equipartitioning).
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Pitfalls of seismic interferometry

@ Needs all wave-modes randomly and equally excited in space
and time (energy-equipartitioning).

@ Retrieves the impuls response colored by the spatial and
temporal spectra of the ambient seismic field.
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and time (energy-equipartitioning).
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@ Random in time: record long-enough.
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—> spurious energy in the correlation result.
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Pitfalls of seismic interferometry

@ Needs all wave-modes randomly and equally excited in space
and time (energy-equipartitioning).

@ Retrieves the impuls response colored by the spatial and
temporal spectra of the ambient seismic field.

@ Random in time: record long-enough.
@ Random in space: probably never
—> spurious energy in the correlation result.
@ Wave modes are excited unequally
— correlation result is not the full impuls response.
@ White temporal spectrum: temporal deconvolution.
(Vasconcelos and Snieder, 2008)
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Pitfalls of seismic interferometry

@ Needs all wave-modes randomly and equally excited in space
and time (energy-equipartitioning).

@ Retrieves the impuls response colored by the spatial and
temporal spectra of the ambient seismic field.

@ Random in time: record long-enough.
@ Random in space: probably never
—> spurious energy in the correlation result.
@ Wave modes are excited unequally
— correlation result is not the full impuls response.
@ White temporal spectrum: temporal deconvolution.
(Vasconcelos and Snieder, 2008)
@ White spatial spectrum: multi-dimensional deconvolution.
(Wapenaar et al., 2008)
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Virtual-source (0.18 — 0.40 Hz)

point source
omnidirectional?
4 km wavelength
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Virtual-source (0.40 — 2.00 Hz)
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Virtual-source gathers

Position |m|
4000

Virtual-sources
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Results and conclusions

Give up? No application of seismic interferometry for reservoir
imaging?
@ Unravelled the ambient seismic field at Valhall into separate
frequency regimes.
@ Retained dispersive Scholte waves traveling through and
above Valhall with wavelengths 150 — 4000 m.
@ Constructed omni-directional Scholte wave virtual-sources
between 0.18 — 2.00 Hz.

@ Very-low frequencies — Holy Grail for FWI or the wrong
wave-mode?
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