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The low frequency challenge
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What could we do with low frequency amplitudes?
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The “ghost”: Not all of the story//

A solution not (directly) involving acquisitio
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Optimizing static models and predicted reservoir properties ==

Better ultra-low frequency information will enable better prediction of reservoir lithology and
fluid properties with less reliance upon well control and calibration factors for relative
|mpedances_ Residual gas visible

(red) in Top of Lower Eocene
structure of . Frigg formation
Odin and Frigg sand channels
Northeast fieldsd Extracted from
impedance ranges

\é\f";i?n":,:g;fgf from cross-plot
below (vellow) Residual gas visible
Top Frigg T in Top of structural

% B J = : PR culminations along
4 R b «

N 4 Frig sand channels at
E j9.. ~ /% Frigg East
Frigg redid ey r\{on%‘,e ‘ 4 © jlredbodies)
GWC (red)" ! R g

4 A va v

AL

“Ultra-low” =0 — 8 Hz



Relative and absolute impedance: PGS)
The low frequency model ==

Relative Absolute

“LFM” = Low Frequency Model Acoustic Impedance?’200 Acoustic Impedance

» Built from available velocity and well log
data to address “low frequency gap”.

* Provides background trend for
guantitatively accurate estimate of elastic

impedances. /
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Air gun output (250 in3 gun) ==

» As air gun depth
increases the

-207 hydrostatic pressure
m increases.
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< » The bubble period
407 will decrease.

* The “characteristic
frequency” will
move towards

6 m depth

-607 10 m depth )
15 m depth higher values!
20 m depth
0 20 40 HZ . There is no low

frequency benefit in

towing air guns very
“Ultra'IOW” - 0 - 8 HZ deep.



Air gun array configurations
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Bubble period oc V1/3pP1/3 Hypercluster Multi-level source (MLS)
Increase volume: Longer bubble period: Decouple source wavefields:

An increased bubble period translates to a lower characteristic frequency.
In practice, it is not feasible to significantly increase air gun volume or firing pressure.

Multi-level/over-under source arrays fill in source ghost notch and primarily extend the
recovered bandwidth towards the high end.
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PGS

Temporal resolution vs. frequency content ==
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From ten Kroode et al. (2013), Geophysics



Temporal resolution vs. frequency content
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Temporal resolution vs. frequency content
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North Viking Graben
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e Qil Field
I Gas Field
Condensate Field

Fields of note on the survey:
* Heimdal

* Frigg
» Jotun

Key facts on Heimdal
» Gas field - depleted
* Production ceased
* Reservoir depth~2.1km/1.9s
TWT
» Sandstone reservoirs
» Palaeocene deep-marine

Key facts on Frigg
* Gas field
* Production ceased
* Reservoirdepth~2.0km/19s
TWT
» Sandstone reservoirs
» Eocene deep-marine environment
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Receiver-side deghosting: Relative inversion
(no well information)

PGS
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Relative Al from pre-s

« Fairly flat geology.
« Laterally consistent
properties.

* No well control/LFM
used in the inversion.
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Receiver-side deghosting: Relative inversion

Low frequency model (LFM) derived using only
seismic velocity = NO WELL INPUT to LFM

(near Jotun field, NVG10)
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Receiver-side deghosting: Relative inversion
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Low frequency model (LFM) derived using only
seismic velocity = NO WELL INPUT to LFM
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| streamer 3D
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GeoStreamer 3D

GeoStreamer

Odin
Field

Window attribute
of P-impedance
below

Top Frigg TWT

Frigg

spike invesSio

Residual gas visible in

Lower Eocene
Frigg formation
sand channels
(red-brown colours)

Residual gas visible in Top of
structural culminations along sand
hannels at Frigg East
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Seismic data amplitude spectra

The convolution of:

Source signature = ------------ >

Source-side ghost

Earth reflectivity
Attenuation (“Q") .

Mechanical/ environmental noise

Spatial
sampling/processing/imaging

Induced artifacts
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Full Waveform Inversion (FWI) %ﬁ

FWI performs iterative forward modeling to compute the
differences between acquired seismic data and some
model of either diving waves/refractions or reflections.

The output is a high resolution velocity model.

Very long offsets and/or very low frequencies are
required for robust results and deep velocity models,
particularly for the diving wave/refraction scenario.




Full Waveform Inversion (FWI)

FWI|n|t|aI in Fleld Gathers
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Full Waveform Inversion (FWI) ==
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Full Waveform Inversion (FWI)
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Full Waveform Inversion (FWI) ==




Full Waveform Inversion (FWI)

Low Frequency Gap
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Full Waveform Inversion (FWI) ==
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Full Waveform Inversion (FWI) %ﬁ
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Full Waveform Inversion (FWI)
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Optimizing static models and predicted reservoir properties %ﬁ

Better ultra-low frequency information will enable better prediction of reservoir lithology and fluid
properties with less reliance upon well control and calibration factors for relative impedances.

Residual gas visible
(red) in Top of
structure of
Odin and Frigg
Northeast fields

Lower Eocene

Frigg formation sand
channels

Extracted from
impedance ranges
from cross-plot
(yellow)

Window attribute
of P-impedance
below

Top Frigg Tv}{-

A

Residual gas visible
in Top of structural
culminations along
sand channels at
Frlgg East
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Summary @

« There are ultra-low frequency amplitudes in towed streamer seismic data
o They are weak (air gun physics, lo-cut filters, ghost effects) and have poor S/N
o They can be boosted in processing (beware!)

O

They need to be balanced otherwise the data is overwhelmed with “wormy” events

* In the absence of processing tricks, consider the amplitudes < 8-10 Hz as deficient
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Assisted by deghosting (must be AVO- and phase-compliant)

An extra octave (or more) of ultra-low frequency amplitude content is an excellent step
towards quantitative accuracy! Must be AVO- and phase-compliant!

No real source hardware solution with air guns or other approaches

» Full Waveform Inversion (FWI) offers a robust platform to address the “low frequency gap”

Optimal trend model

Gets starting impedances close to their true values (helps inversion convergence)
A step towards automated seismic inversion

More robust and accurate prediction of lithology and fluid properties
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