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Seismic acquisition is entering more difficult surf ace conditions

Clauses of acquisition contracts, together with rea | terrain conditions
set new challenges to be met

Recent standards applied by geologists working with seismic data
become similar to environment in geomechanical work shops: perfect
seismic wavelet, precisely migrated wavefield, ampl itudes

reconstructed to be related solely to geology

GT technology to eliminate noise from seismic recor dings fulfils these
requirements.
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Onshore seismic data processing with task to reconstruct true amplitude relations,
iIn the examined interval, needs dedicated approach to eliminate the unwanted

noise.
r Land seismic noise j
Coherent Noise Random Noise
- Linear noise | (connected with seismic crew) - random cultural noise ( human
- Direct wave and animal activities)
- Airblast - wind, rain,
- Ground roll - earthquakes,

- Guided waves -
- Side-scattered
- Linear noise Il (external noise sources)
- other seismic crews
- cultural noise
- other ...

- Multiple reflections



GEOFIZYKA TORUN
4 PGNIG

I e
i

5 . el

- PR

- o i
Sl

W g u

e il H

el o E

s i i

= e i

= il

e L

Raw seismic record — typical waves recorded during se iIsmic acquisition
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Raw seismic records — typical waves recorded during seismic acquisition
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Some features of the observed seismic waves:

- The level of amplitudes and the amplitude variations in time and space,
- The waves frequency ranges and the frequency variations in time,
- Direction of the wave with reference to seismic line,

- Shapes of reflections which intertwined with noise.

In land seismic data acquisition the large geophone patterns are often used.
This approach usually partialy eliminates the strong surface wave, however
destroys coherency of the residual noise and influences amplitudes of the
useful reflections

Presented method does not require, even considers to be harmful, large-size
geophone patterns.
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Advanced methods which eliminate the unwanted waves and leave useful
signal untouched are called non-invasive .

Such approach allows to remove unwanted waves from seismic data with
full preservation of amplitude relations for the horizons covered by high
amplitude noise.

The core of this technology are hybrid or/and cascade methods  of
obtaining noise model in different domains, adaptive adjustment of these
models to the real data, and subtraction from properly scaled input traces

Non-invasive methods of noise elimination

4 R

Hybrid methods « # Cascade methods
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Data sorts and domains used for noise elimination

vt ° Common source point (CSP) _ .

. . . Time (T-X) |

Processing I Common receiver point (CRP) - (E-X) .
: requency (F-

sequence I Common depth point (CDP) X A ql't g Y I

| mplitude

(when?, I  Common offset plane (Offset bins) P _ |
how?,) : Velocity (F-K)

| Cross-spread (XSD) _ |

Dips (Tau-P)

| Offset-vector (OVT) I
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Seismic data with noise.
(Data with true amplitude relations)

Sort domain 1 Collection of noise models -
Extraction of noise model — 1 T sc_al_ed and shaped to the
Extraction of residual noise model—1 [~  original data

A

Adaptive noise subtraction

Sort domain n '
Extraction of noise model - n Direct filtrations if needed
Extraction of residual noise model - n

Seismic data without noise.
(Useful seismic signal is untouched)

Diagram — the non-invasive method idea.
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Data with linear noise (lack of linear @
I Hybrid modeling
1 e |
I

The best amplitude scaling (sc amps.

) Linear moveout correction and/or horizon flattening
not demand) - noise targeted

+| | Application of auxiliary static corrections

b
L
P
] |
b
Linear moveout correction and/or L :
. . . N | i
horizon flattening along linear noise ! i : Computation and application of removable surface
———— P consistent noise targeted amplitude scaling
Random noise elimination Loy
Il
_ _ — _ ! ! Other steps of noise modeling.
Residual noise targeted auxiliary static |y __|, Combinations of procedures: mixing; FK; Radon ...

corrections — compute and save

i Removing of: LMO; horizon flattening, auxiliary statics
I

Model of mcoherent linear noise

Scheme — noise improvement procedures for hybrid mod eling
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Ground roll elimination
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Adaptive
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Seismic record — the difference from the data before and after noise elimination



Seismic record — original data



Seismic record — data after noise elimination
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Seismic record — the difference from the data before and after noise elimination



Airblast elimination



What does attenuation mean?

JAlmost” make the difference



Original data
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Airblast flattening

Original data



Airblast flattening

Data after noise elimination



Guided waves elimination



Stacked section — original
Seismic records — original data data



Stacked section — data
Seismic records — data after noise elimination: after noise elimination



Seismic section — original data Seismic section — after noise elimination



External coherent noise elimination

- other seismic crew



Stacked section —
Seismic record — original data original data



Stacked section — data

Seismic record — data after noise elimination after noise elimination



Hybrid modeling
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Industrial noise elimination



Sawmill

Part of seismic record — original data Part of seismic record — data after noise eliminatio




Quantitative results on synthetic data

Effectiveness of the presented approach to the nois e elimination has been
carried out on synthetic data.

Amplitude along two horizons, before and after nois e removal, was estimated.



Byproduct of the test: signature of the interferenc e

Reference amplitude (15)

N

Synthetic seismic record without ground roll — ampl itude analysis along reflections




Reference amplitude (15)

N

Synthetic seismic record with ground roll — amplitud e analysis along reflections



Poziom odniesienia
amplitudy (A=15)

N

Rejestracja sejsmiczna — dane modelowe po usuni ciu zak ocenia.

Synthetic seismic record after ground roll eliminat ion — amplitude analysis along reflections



Conclusions

Interactive and iterative procedures, and non-standard approach based on the
cascade methods and hybrid modeling, allow to obtain noise models in different
domains, to perform adaptive adjustment of these models to the real data, and to
subtract them from input traces in the non-invasive way

Modern methods of noise elimination at processing, bring efficient support to
acquisition step

The GT offered processing technology eliminates noise ensuring that wavelet
processing and seismic migration produce results free of any unwanted impact. That
allows to reconstruct, with high precision, amplitudes related directly to geology

Advanced methods of noise elimination are interactive and time-consuming. However,
costs of their application is much below relevant costs at he acquisition stage.
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