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ABSTRACT

The presence of the coherent noise in the seismic data is a common problem to study the earth subsurface using
seismic reflection datasets in offshore as well as onshore environments. The 2D Frequency-Wave number (F-K)
and the Radial Trace Transform (RTT) techniques were used to suppress dispersive ground roll energy from high
resolution onshore seismic data with a fold of 150 acquired from Gelana Basin in Southern Main Ethiopian Rift.
Both the F-K and RTT techniques are based on local wave field decomposition to attenuate coherent noise from
acquired seismic data. The objective of the study was to establish which of the techniques would attenuate the
coherent dispersive ground rolls most effectively. Selected shot from the input seismic reflection data was subjected
to a Fourier transform to display their amplitude spectra and phase spectrum to design the optimum parameters for
F-K filtering of the whole shot. Thereafter both the F-K and RTT techniques were applied to the selected seismic
line-12 from Gelena basin and this study showed both techniques efficiently attenuate coherent noise or ground roll.
However, Radial Trace Transform (RTT) filtering technique the primary events or reflections are greatly enhanced
and coherent noise trace including the air blast (sound waves) are seen better attenuated and no trace of background
noise are observed unlike F-K suppression technique. From results obtained, the RTT was recommended as a better
technique for coherent noise attenuation than the traditional 2D F-K domain technique.
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INTRODUCTION

Onshore seismic data is subjected to a series of filtering because
it is commonly contaminated with coherent noise such as ground
roll, direct waves, diffractions and multiples. These noises
generally, mask and interfere the depth subsurface signals or the
primary events in seismic data [1]. A collection of surface waves
generated by seismic source mostly known as Coherent noise or
ground rolls essentially associated with surface wave (Rayleigh
wave) with high amplitude, dispersive, low frequency and low
velocity. Because of their dispersive nature, ground roll mask
deep reflections at long offset and shallow reflections at short

offset [2-4].

In seismic data processing several techniques are routinely
applied to attenuate coherent noise with attempting to preserve
the primary signals and their amplitudes. Some of these

techniques include filtering in Frequency-Wave number (F-K)
domain demonstrated by Yilmaz and Doherty [5], and the Radial
Trace Transform (RTT) applied by Ottolini [6], Claerbout (2],
and Henley [3]; these methods uses distinguishing characteristics
such as frequency content and apparent move out are based on
the possibility of separating the signal and noise [7].

In this study attenuation of coherent noise is done by Frequency-
Wave number filtering (F-K Filtering). The Fourier transform
provides the possibility of looking for sparse dominant energy
harmonics of data, which often contain the desired seismic
signals [8]. Gelana basin is part of southern main Ethiopian rift
and seismic reflection data were acquired by Africa oil Ethiopia
B.V. in 2014/15 based on the Petroleum Production Sharing
Agreement with Ministry of Mines, Addis Ababa, Ethiopia
(Figure 1) [9].
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Figure 1: Locations of 2D-seismic lines on southern main rift valley basin of Ethiopia: Overlaid ALOS/PALSAR Digital Elevation Model
(https://vertex.daac.asf.alaska.edu/), modified from [9]. Note: Vertex DEM (m): (") 1029, (
() 1577, (mm) 1658, (mm) 1721, (mm) 1799, (mm) 1886, (mm) 2002, (E) 2189, (1) 2456, (
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Overviews of the Geology

Tertiary rift system of Ethiopia is divided into three segments
based on tectonic setting and period of rift propagations: Afar,
the Main Ethiopian Rift (MER) and the Southern rift. Much of
previous studies tries to classify the basins based on plate tectonic
setting which is very important to understand the origin and
development of sedimentary basins [10-15].

Previous subsurface structural study using full tensor gravity
anomaly on the Gelana basin indicate that the area is affected
by North-South trending faults [16]. Geological field study by
Kebede et al. [17], shows that Amaro horst which is adjacent to
Gelana basin is underlain by basement rocks, Cenozoic volcanic
rocks, Quaternary and pre tertiary sediment. Exposed sections

] Geol Geophys, Vol.12 Iss.11 No:10001156

of pretertiary sediments-Mesozoic sediments (sandstone and
Antalo and limestone units of the Adigrat Formation, etc.) are
observed along the rift margin overlying unconformably on the
Precambrian crystalline basement at Amaro Horst near Gelana
basin and, Guraghe area, Kella horst, along the western margin

of the rift systems [18-22].

The constrained full tensor gravity anomaly inversion [17], in
Gelana basin shows that the total sediment thickness in Gelana
basins exceeds 3500 m. Integrated seismic reflection study in
Gelana basin [9], shows that the west tilted half graben geometry
with the master fault on the western side, which confirmed the
asymmetric architecture of Gelana basin obtained by geological

cross section measured in the field by Ebinger et al. [23], (Figure
2) [9,24].
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Figure 2: Geological map of Gelana basin and its surroundings modified from [9,24]. Note: (#) Lakes, (®) Locations of rock samples, (—)

Ultramafic intrusive comlpex
Diopside granulite
Mafic granulite

Faults, (——) Lineaments.
MATERIALS AND METHODS
source station
Material recever g [~

In this paper onshore 2D-seismic data are obtained from Ethiopian
Ministry of Mines in SEG-D raw data format on Gelana basin
and processed by Vista 2D/3D seismic data processing software
for Linux System.

Schematic diagram of receiver station (Figure 3), and vibroseis
(source) station (Figure 4), are presented below.

©

Receivers Station

15m

v

|>

geophones

v v v v v

- - - .
el La % L

25m 25m

Figure 3: Receiver station configuration and Geophone/marshphone
array configuration. Note: (i-) Receivers stations, (¥) Geophones.
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Figure 4: Source (Vibroseis) station and array configuration. Note: ()
Receivers stations, (») Geophones.

Receiver parameters: Type of receiver-geophones/marshphones,
Model-Sensor SM-24, Type response-spike, natural frequency-10
Hz and interval receiver station-15 m.

Receiver array: Linear centered in station, geophone spacing-2.5
m and dimension-12.5 m (15 m effective).

Source parameters: Type of source-vibroseis, unit weight-57.800
Ib, ground force-75 %, number of vibrators-3, source array-25.2
m, number of sweeps-2, type of sweep-linear, sweep frequency-
upsweep 4-64 Hz and sweep length-16 s.

The acquired land seismic reflection data in the study area has a
high resolution with a fold 150 given by the Eq.1;
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F:% x (Noof Live Channel)/2. |,

Where F is Fold, GI is Geophone Interval, SI Source Interval can
be obtained from Table 1.

Table 1: Land seismic data acquisition parameter.

Receiver Land

Spread 4492.5-7.5-0-7.5-4492.5 (Roll in, Roll out)

Live channel 600
Receiver interval 15m
Source interval 30 m

Geophones/Trace 1 string of 6 Geophones

Geophone pattern In-line linear

2.5m

Geophone spacing

Pattern length 125 m

Method

Attenuation of surface waves: 2D-Frequency-Wave numbers (F-
K) filtering; the raw seismic reflection dataset was transformed
from conventional tx domain to F-K domain by 2D-Fourier
transform using Vista 2D/3D software. Fourier transform
separates events according to their dips in the F-K domain in
which the coherent noise is clearly distinguishable from the
reflected datasets which are overlapped on tx domain [7,25]
(Figure 5).

The 1-dimensional forward Fourier Transforms (FT) are defined
as Eq.2;
F()= [ fx)e ™ dx

FFT of spatial f{ix) and temporal f(t) domains....(2)
Fon= | e

L . 1
Where, w =27k, x is distance, and k is wavenumber, where k=— and
7

A is wavelength. We also use the shorthand notation introduced
by Ronald et al. [26]. These equations are more commonly

written in terms of time t and frequency v where v=2 and ¢ is
the period. Therefore, in seismic data processing applying Finite
Fourier Transform (FFT) is the useful tool for transformation
from time and space domains (tx) to the Frequency and Wave
number (F-K) domains in order to separate ground roll (surface
waves) from the reflected seismic data.

Linear events f(t,x) in the tx domain can be described in the Eq.3;
St x)=s(t)*o(t—tan(a)x+b)......... 3)

Where, the symbol “*” reperesnts convolution with respect to
variable time (t), s(t) is a seismic wavelete, () is the angle between
the simulated linear event and the space axis and the constant b
is the intercept of the event on the time axis.

The 2D-fourier transform is repersented by Eq.4;
F(w,k)=S(w)e o (k — wtan(a))

Where, 5@ is the Fourier transform of the time function
s(1) in Eq.3, the FK filter was designed based on the property
of 2D-Fourier transform in Eq.4, which is essential to remove
the ground roll or coherent noise from the input seismic data.
Truncation (rejection) zone was defined based on frequency in
the F-K space to attenuate the ground roll. After the noise is
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truncated the data was transformed to tx domain which is free
from coherent noise.

The detail processing work flow or command flow used in
Vista 2D/3D seismic reflection data processing software for
attenuations of ground roll using 2D-Frequency-Wave numbers
(F-K) technique is presented in the below Figure 6.

Radial Trace Transform (RTT) filtering: The radial trace
transform was originally introduced by the Stanford Exploration
Project [27]. The RTT transform extracts wave field amplitudes
from a seismic trace panel, such as a shot or receiver gather, and
interpolates them onto coordinates of velocity and travel time
[28]. All the amplitude is intercepted by a particular trajectory are
transferred in sequence to the new domain as a single radial trace
in order to map seismic amplitudes from the shot gather to the
radial trace domain and the process is repeated for each trajectory
[3,27-30]. The radial trace transform R maps the amplitude of
seismic trace S whose co-ordinates are source receiver offset X
and two way travel time t to a new co-ordinate apparent velocity v
and two way travel time t.

The transform is defined as Eq.5;

R{S(x,0}=8"(v,t") ... 5)
With the invers given by Eq.6;
RUS' )=S0 (6)

X
Where ¢'=¢ and V=7

The detail processing work flow or command flow used in
Vista 2D/3D for attenuations of ground roll using Radial Trace
Transform (RTT) technique is presented in the below Figure 7.

Figure 7, Radial Trace Transform (RTT) Filtering command flow
used in Vista 2D/3D seismic reflection data processing software.

RESULTS

In this paper 2D Frequency-Wave number (F-K) and the Radial
Trace Transform (RTT) techniques were used to suppress
dispersive ground roll energy from high resolution onshore
seismic data with a fold of 150 acquired from Gelana Basin in
Southern Main Ethiopian Rift. The Frequency-Wave numbers
(F-K) and Radial Trace Transform (RTT) filtering technique is
applied to the same input seismic reflection data, that is, line-12,
Shot 143, from the Gelana basin is used to enhance the primary
reflections by attenuating the ground roll.

In seismic data processing the signal can be described equally
well as in a time series (amplitude versus time) or as combination
of an amplitude spectrum (amplitude versus frequency) and
phase spectrum as shown in the (Figure 8). Frequency spectrum
indicated that dominant frequency range is 5-70 Hz; lower
frequencies below 5 Hz are not contributing any signal. Filter
panel test is also performed on raw seismic data, the results on
filter indicate that contribution of signal below 5 Hz and above
70 Hz had no significance.

To convert from time domain to frequency domain requires the
use of Fourier transform and to change from frequency domain
to time domain requires the use of inverse Fourier transform.
For recently collected sampled or digital data simple and fast
methods of transformation are utilized. These are known as Fast
or Finite Fourier Transform (FFT) and Inverse Fast or Finite
Fourier Transform (IFFT). Naghizadeh [31], has introduced an
fk domain method that utilizes information from all desired
frequencies for robust interpolation or denoising of seismic data.
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Figure 5: Gelana basin raw record (shot) 143 of Line-12.
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Figure 6: Frequency-Wave numbers (F-K) Filtering command flow used in Vista 2D/3D seismic reflection data processing software.
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Figure 7: Radial Trace Transform (RTT) Filtering command flow used in Vista 2D/3D seismic reflection data processing software.

Lo

S
0 %,

Figure 8: Frequency analyses in raw seismic data shot 143 line 12.
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Frequency-Wave numbers (F-K) 2D filter design and
implementation

In seismic signal analysis it is a common practice to transform
the seismic data from time-space (tx) domain to Frequency-Wave
number (F-K) to clearly separate the coherent noise and to obtain
the range of frequencies of the seismic data which are essential
inputs to attenuate surface waves. The F-K domain has been
frequently used for interpolation and denoising purposes and it
is obtained by applying Fourier transforms along the time and
space axes of the seismic data. The Fourier transform provides
the possibility of looking for sparse dominant energy harmonics
of data, which often contain the desired seismic signals [8].

One of the prominent attributes of the F-K domain is the
separation of signals according to their dip. This property makes
the F-K domain a suitable option for ground-roll elimination due
to the distinctive dip information of ground roll. The range of
frequency in the seismic data is from ~5Hz to ~70Hz (Figure 9).
Note that the Signal is crossed by noise in the tx Plane whereas;
they are separated in the F-K plane (Figure 9).

To mute and supress unwanted signals, coherent noise the
optimum filter (Figure 9), was designed on both frequency and

OPEN aACCESS Freely available online

wave number basis. Even if the filter was designed to preserve
low frequency signals between the wave number (k) ranges -0.1
to 0.2 which is imperative not to supress frequency below 12 Hz,
between the wave number (k) range -0.1 to 0.2 useful primary
signals of low frequency signals are muted or supressed. The
result obtained in this study shows Frequency-Wave numbers (F-
K) 2D Filter is capable of modelling the coherent noise or ground
roll (Figure 10). However, after the F-K filtering operation the
output data (Figure 11), still depicts the ground role and coherent
noise are visible including the air blast or sound wave.

(RTT)

Radial Trace Transform
implementation

filter design and

It seems that the Radial Trace Transform (RTT) technique
effectively supress the ground roll or coherent noise including
the air blast or sound wave (Figure 12). The noise model is
generated in RTT domain (Figure 13), and the output filtered
data is transformed into X-T domain. The result obtained in
this study shows that the Radial Trace Transform (RTT) is more
effective and efficient in supressing the ground roll or coherent
noise than the conventional Frequency-Wave numbers (F-K) 2D
filtering technique.

VISTA 2D/3D Version: 12.000.2847(64-Bit) Project: CASMER Line_12\Bisrat\Bisrat - 5
Edit Project Dictionary Interactive _Statics Velocity Vs JobFlow _Utlties License Font Window _Help

K Spectrum - Input Seismic Data [Removable AGC 250.00 ms]

Eldl of [

F-K Analysis: [1]: RVB-2014-12_ RAWSHOT

INPUT DATA
300 40

ottt

S | Ep EEEnEeE || ©

TIME s
Frequency Hz

'WAVE NUMBER ~SuM
01 00 04

“Amplitude
g
s
&

581 dB

60.0 dB

| Amp: 159.238[% 0.7) [43.20 dB]
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DISCUSSION

In the study two methods, that is, 2D-Frequency-Wave numbers
(FK) filtering and Radial Trace Transform (RTT) filtering are
applied to attenuate the ground roll or coherent noise on onshore
2D-seismic reflection datasets acquired from Gelana basin in
southern main Ethiopian rift. As demonstrated by previous

J Geol Geophys, Vol.12 Iss.11 No:10001156

scholars [3,28,29] for Radial Trace Transform (RTT) filtering
and Yilmaz and Doherty (5], for Frequency-Wave numbers (F-K)
filtering, this study showed both techniques efficiently attenuate
coherent noise. However this study is aimed at comparing and
contrasting the effectiveness or efficiency of the two techniques
by applying on the display of the same shot gathers of Gelana
basin raw record (shot) 143 of Line-12.
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The result showed that F-K suppression technique still displayed
the ground role or exhibited coherent noise including the air
blast or sound wave which supressed the primary reflection data.
However, Radial Trace Transform (RTT) filtering technique the
primary events or reflections are greatly enhanced and coherent
noise trace including the air blast (sound waves) are seen better
attenuated and no trace of background noise are observed unlike
F-K suppression technique. This result is also in agreement with
previous study conducted by Adizua et al. [32]. Thus, Radial
Trace Transform (RTT) technique is more effective and efficient
in attenuation of ground role or coherent noise including the
air blast and background noise which will lead to enhance the
primary events than that of the Frequency-Wave numbers (F-K).

CONCLUSION

In the study two methods, that is, 2D-Frequency-Wave numbers
(F-K) Filtering and Radial Trace Transform (RTT) filtering are
applied to attenuate the ground roll or coherent noise on onshore
2D-seismic reflection datasets acquired from Gelana basin in
southern main Ethiopian rift. The study able to confirm that
the widely used 2D-Frequency-Wave numbers (F-K) Filtering to
suppress the coherent noise on seismic shot gather is less efficient
than that of not commonly used Radial Trace Transform (RTT)
filtering method.

REFERENCES

1. Linville AF, Meek RA. A procedure for optimally removing
localized coherent noise. Geophysics. 1995;60(1):191-203.

2. Claerbout JF. Ground roll and radial traces, Stanford
Exploration Project Report, SEP-35. 1983.

3. Henley DC. Coherent noise attenuation in the radial trace

domain. Geophysics. 2003;68(4):1408-1416.

4.  Saatcilar R, Canitez N. A method of ground-roll elimination.
Geophysics. 1988;53(7):894-902.

5. Yilmaz O, Doherty SM. Seismic Data Processing. Soc Explor
Geophys. 1987.

6. Ottolini R. Migration of radial trace sections. Standford
Exploration Project Report, SEP-20. 1979:97-115.

7. Yilmaz O. Seismic data processing: Investigations in

geophysics. Soc Explor Geophys. 1987;2:526.

8. Naghizadeh M, Sacchi MD. On sampling functions and
Fourier reconstruction methods. Geophysics. 2010;75(6):137-
151.

9. Kebede B, Mammo T, Shawel M, Alemu T. Integrated
seismic stratigraphic and structural analysis of Southern
main Ethiopian rift basin: Implications for hydrocarbon

potentials. Acta Geophys. 2023:1-21.

10. Dickinson WR. Tectonics and sedimentation. In SEPM
Society for Sedimentary Geology. 1974.

11. Ingersoll RV. Tectonics of sedimentary basins. Geol Soc Am
Bull. 1988;100(11):1704-1719.

12. Klein GD. Maturation-based geodynamic/geochemical
classification of sedimentary basins. Geol.

1990;69(1-2): 1-6.

Sediment

J Geol Geophys, Vol.12 Iss.11 No:10001156

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

21.

28.

29.

OPEN aACCESS Freely available online

Klemme HD. Petroleum basins-classifications and

characteristics. ] Petrol Geol. 1980;3(2):187-207.

AD M. Collision-related foreland basin. In Tectonics of
Sedimentary Basins. 1995:393-424.

Tucker ME. Sedimentary Petrology: An Introduction to the
Origin of Sedimentary Rocks. John Wiley and Sons. 2009.

Kebede B, Mammo T. Processing and interpretation of full
tensor gravity anomalies of Southern main Ethiopian rift.

Heliyon. 2021;7(4):¢06872.

Kebede B, Mammo T, Misgie A. Structural interpretation
of Southern main Ethiopian rift basin using constrained
full tensor gravity inversion of the basement morphology.

Heliyon. 2022;8(5):e09525.

Levitte D, Columba ], Mohr P. Reconnaissance geology of
the Amaro horst, southern Ethiopian rift. Geol Soc Am
Bull. 1974;85(3):417-422.

Mohr PA. The geology of Ethiopia. Univ Coll Press, Addis
Ababa. 1962:268.

Mohr PA, Gouin P. Gravity traverses in Ethiopia (third
interim report). Bull. Geophys Obs Addis Ababa. 1967;10:15-
52.

WoldeGabriel G, Aronson JL. Volcanotectonic history
of the main Ethiopian rift. In Abstracts with Programs,
International Volcanological Congress, Auckland, New

Zealand. 1986:325.

Zanettin B, Justin-Visentin E, Massimo N, Claudio P. The
evolution of the Chencha escarpment and the Ganjuli
graben (lake Abaya) in southern Ethiopian rift. Neues Jahrb
Geol Paleontol Monatshefte. 1978;8:473-490.

Ebinger CJ, Yemane T, Woldegabriel G, Aronson JL, Walter
RC. Late Eocene-recent volcanism and faulting in the
Southern main Ethiopian rift. ] Geol Soc. 1993;150(1):99-
108.

AOC, MoM. Ethiopian Rift Valley Geological
Reconnaissance. Unpublished report-Africa Oil Corporation
and Ethiopian Ministry of Mines joint study, Addis Ababa,
Ethiopia. 2011:39-43.

Zhou B, Greenhalgh SA. Linear and parabolic taup
transforms revisited. Geophysics. 1994;59(7):1133-1149.

Ronald NB, Bracewell R. The Fourier transform and its
applications. US: McGraw-Hill Book Company. 1978;464.

Claerbout JF. Imaging the earth’s interior. Stanford
University Stanford. 1984.

Henley DC. The radial trace transform: An effective domain
for coherent noise attenuation and wavefield separation.
In SEG Technical Program Expanded Abstracts 1999.
1999:1204-1207.

Henley DC. Wavefield separation and other wuseful
applications in the radial trace domain. In SEG Technical
Program Expanded Abstracts 2000. 2000:2111-2114.

. Zemedkun MT. Overview of geothermal resource exploration

and development in the East African rift system. Short course


https://onlinelibrary.wiley.com/doi/10.1111/j.1747-5457.1980.tb00982.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1747-5457.1980.tb00982.x
https://www.sciencedirect.com/science/article/pii/S2405844021009750?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2405844021009750?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2405844022008131?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2405844022008131?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2405844022008131?via%3Dihub
https://pubs.geoscienceworld.org/gsa/gsabulletin/article-abstract/85/3/417/201573/Reconnaissance-Geology-of-the-Amaro-Horst-Southern
https://pubs.geoscienceworld.org/gsa/gsabulletin/article-abstract/85/3/417/201573/Reconnaissance-Geology-of-the-Amaro-Horst-Southern
https://www.lyellcollection.org/doi/abs/10.1144/gsjgs.150.1.0099
https://www.lyellcollection.org/doi/abs/10.1144/gsjgs.150.1.0099
https://pubs.geoscienceworld.org/geophysics/article-abstract/59/7/1133/106666/Linear-and-parabolic-tau-p-transforms-revisited
https://pubs.geoscienceworld.org/geophysics/article-abstract/59/7/1133/106666/Linear-and-parabolic-tau-p-transforms-revisited
https://library.seg.org/doi/abs/10.1190/1.1820721
https://library.seg.org/doi/abs/10.1190/1.1820721
https://library.seg.org/doi/abs/10.1190/1.1815864
https://library.seg.org/doi/abs/10.1190/1.1815864
https://gogn.orkustofnun.is/unu-gtp-sc/UNU-GTP-SC-15-1102.pdf
https://gogn.orkustofnun.is/unu-gtp-sc/UNU-GTP-SC-15-1102.pdf
https://library.seg.org/doi/abs/10.1190/1.1443746
https://library.seg.org/doi/abs/10.1190/1.1443746
https://pubs.geoscienceworld.org/geophysics/article-abstract/68/4/1408/252069/Coherent-noise-attenuation-in-the-radial-trace
https://pubs.geoscienceworld.org/geophysics/article-abstract/68/4/1408/252069/Coherent-noise-attenuation-in-the-radial-trace
https://pubs.geoscienceworld.org/geophysics/article-abstract/53/7/894/69108/A-method-of-ground-roll-elimination
https://pubs.geoscienceworld.org/geophysics/article-abstract/75/6/WB137/73886/On-sampling-functions-and-Fourier-reconstruction
https://pubs.geoscienceworld.org/geophysics/article-abstract/75/6/WB137/73886/On-sampling-functions-and-Fourier-reconstruction
https://link.springer.com/article/10.1007/s11600-023-01111-7
https://link.springer.com/article/10.1007/s11600-023-01111-7
https://link.springer.com/article/10.1007/s11600-023-01111-7
https://link.springer.com/article/10.1007/s11600-023-01111-7
https://pubs.geoscienceworld.org/gsa/gsabulletin/article-abstract/100/11/1704/182052/Tectonics-of-sedimentary-basins
https://www.sciencedirect.com/science/article/abs/pii/003707389090095B
https://www.sciencedirect.com/science/article/abs/pii/003707389090095B

Kebede B OPEN aACCESS Freely available online

VII on exploration for geothermal resources, organized by ~ 32. Adizua OF, Ebeniro JO, Ehirim CN. Comparative Study

UNU-GTP, GDC and KenGen, at Lake Bogoria and Lake of radial trace transform and the frequency-wave number
Naivasha, Kenya. 2012. techniques for suppressing dispersive ground roll energy
31. Naghizadeh M. A unified method for interpolation and from onshore seismic data (amplitude spectrum approach).

Int J Res Innov Earth Sci. 2016;3(1):11-14.

denoising of seismic records in the fk domain. In SEG
Technical Program Expanded Abstracts 2010. 2010:3579-
3583.

J Geol Geophys, Vol.12 Iss.11 No:10001156 9


https://www.ijries.org/index.php/issues?view=publication&task=show&id=43
https://www.ijries.org/index.php/issues?view=publication&task=show&id=43
https://www.ijries.org/index.php/issues?view=publication&task=show&id=43
https://www.ijries.org/index.php/issues?view=publication&task=show&id=43
https://library.seg.org/doi/abs/10.1190/1.3513593
https://library.seg.org/doi/abs/10.1190/1.3513593



