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ABSTRACT
Reprocessing of seismic reflection data over Nader field in the Egyptian Western Desert, 
improved the images of the surface structural framework. The appearance of seismic data 
can be affected by various factors apart from subsurface structure, including data acquisition 
problems and processing artefacts. Different post-stack processing steps were tested and 
compared to the original seismic data determine the enhancement of data quality and 
improvements on imaging the subsurface. The applied post-stack processing sequence 
increased the seismic data resolution through increasing the signal-to-noise ratio, enhancing 
faults detection, and reflectors sharpness and continuity. The Time Variant Frequency Filter 
(TVF) application is found to be better than applying the filter in one time window and 
provided more detailed frequency contents and in turn better reflectors identification. The 
Frequency/Wave Number (F/K) filter removed lot of the existing linear noises resulted in more 
clear images. The Frequency/Distance (F/X) Deconvolution enhanced the data coherency by 
removing the existing random noises. The Spiking Deconvolution showed remarkable 
enhancement in compressing the reflectors and increasing their continuity. The reprocessed 
data interpretation of Abu Roash C member in Nader Filed, Shushan basin, North Western 
Desert, Egypt, comparing to the original, showed better mapping and faults detection, which 
highlighted new potential structures that could act as hydrocarbon traps.

ARTICLE HISTORY 
Received 22 December 2022  
Revised 17 August 2023  
Accepted 18 August 2023 

KEYWORDS 
Post-stack processing; data 
quality enhancement; 
seismic resolution Shushan 
basin; Western desert

1. Introduction

Seismic reflection data usually contains signal and noises. 
Other than the fundamental reflections from the under
lying layers, noises encompass all unwanted energy. 
Seismic purity in depicting the subsurface image is sub
stantially harmed by noise. Noise can be efficiently 
decreased by intentional efforts during data processing 
and reprocessing, even though it is normally undesirable. 
It is usual practice to evaluate data quality in terms of 
a signal-to-noise ratio (S/N).

Seismic data processing involves a series of sequential 
processes, each with various approaches that can be 
applied. Certain approaches are applied solely before 
stacking, while others are used both before and after 
stacking. In this study, the post-stack processing sequence 
was evaluated and presented since pre-stack seismic data 
was unavailable.

Post-stack reprocessing can improve the resolution of 
seismic data, resulting in clearer images of subsurface 
structures. This enhancement in image quality can assist 
geologists and engineers in making more precise inter
pretations of subsurface geology and reservoir properties. 
The main objective of this study is to evaluate the struc
tural style and primary stratigraphic horizons in Nader 
field by utilising available 2D seismic data, along with 

advanced analysis and interpretation of the seismic and 
well data. Additionally, this study aims to examine the 
potential for improving seismic data quality through 
reprocessing, which would enhance the signal-to-noise 
ratio of the seismic data.

2. Geological setting

Nader Field is found in the North Western 
Desert, in the Shushan basin’s south western 
section, between 30° 34’40“and 30° 32’ 40” 
N and 26° 57’36“and 26° 55’ 12” E (Figure 1).

The Shushan Basin, which is the largest of the coastal 
basins, is classified as a half-graben system and comprises 
Jurassic to Palaeogene sediments with a maximum thick
ness (El Shazly 1977; Hantar 1990). Abdel-Fattah et al. 
(2019) considered Shushan basin as a largest tight gas 
sand reserve in northwestern Africa. The sedimentary 
section of this basin ranges from the Lower Palaeozoic 
to Recent and covers a wide range of sedimentary envir
onments (Figure 2) El-Dabaa et al. (2022) used the 
Artificial Intelligence (AI) algorithms for seismic reser
voir characterisation of Nader field.

The structural features of the northwestern 
Desert, including the Shushan Basin, were primar
ily formed by vertical movements of basement 
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blocks, resulting in draped over and/or faulted 
anticline features. Compressional anticlines, on the 
other hand, are subordinate and are likely formed 
by drag folding associated with lateral movements 
along basement faults. The predominant structures 

in the northwestern Desert, specifically the Shushan 
Basin, consist of parallel, elongated, tilted fault 
blocks, i.e. horst and half-graben structures, which 
have led to erosion of the upthrown blocks 
(Barakat 2017).

Figure 1. (a) location map of the Nader oil field at the southwestern part of Shushan basin (modified after Egyptian General 
Petroleum Corporation (EGPC) 1992) and (b) Base map for 20 seismic lines that uses in this study.
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3. Data and methodology

The input data consists of 20 pre-stack time migrated 
stacked seismic sections in time that undergone generally 
the following processing flow: Noise Attenuation, 
Scaling, Deconvolution, Static corrections, Migration, 
Multiple Elimination, Stack, Deconvolution, TV Filter, 

Zero Phasing, and Trim Statics. The workflow used in the 
current research is depicted in the presented diagram 
(Figure 3). The applicable workflow includes the 
Bandpass filter (BPF), spatial predictive deconvolution 
in the complex frequency domain (FX deconvolution), 
frequency – wave number (F/K) filter, predictive and 

Figure 2. Generalized stratigraphic nomenclature, northern Western Desert including Shushan basin, Egypt and the red box refers 
to the interested Member (Abu Roash-C) (modified after Bevan and Moustafa 2012; Shalaby et al. 2013).
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spiking deconvolution. The applied post-stack processing 
sequence increased the seismic data resolution through 
increasing the signal-to-noise ratio, enhancing faults 
detection, and reflectors sharpness and continuity.

After the CDP gathering, some procedures can be 
applied to improve the interpretability of the final seismic 
section. Extensive testing of numerous processing steps 
and parameters only gradually improved the data quality. 
Deconvolution, random noise attenuation and migration 
with optimal parameters can be used (Leaf et al. 1996). In 
order to represent any waveform in terms of its distinct 
sine wave components, it is important to define not only 
the frequency of each element but also its amplitude and 
phase (Kearey et al. 2002). The reflection seismic, two- 
dimensional, or three-dimensional (2D or 3D), repre
sents the most accurate tool for the structural definition 
and relations between layers of subsurface geology in 
sedimentary basins (Amorim et al. 2019). If ambient 
noise is very low, a layer with a thickness of 1/40 of the 
seismic wavelength can theoretically be detected (Sun 
et al. 2020).

In order to differentiate between signal and noise 
components of the data, it is important to analyse the 
frequency, amplitude, and phase. Therefore, the data 
can be represented in two different ways. A known 
time domain, in which the amplitude of a wave is 
expressed as a function of time, or frequency domain, 
in which the amplitude and phase of an individual sine 
wave are represented as a function of frequency.

3.1. Frequency filter

In seismic data processing, filtering is a technique for 
limiting the frequency content of an initial signal (Latiff 
et al. 2016). A frequency filter is a signal processing step 
that changes the amplitude and, in certain cases, phase 
of a seismic signal in relation to frequency. Filters are 
used in a variety of applications to highlight signals in 
a certain frequency band while rejecting or suppressing 
signals in the unwanted frequency range. The cut-off 
frequency is the frequency that separates the attenua
tion band from the pass.

There are distinctive categories of filters based on 
their operation, Butterworth and Ormsby are the 
well-known sorts. Filters can apply to cut or pass 
either lowest or highest frequencies, as low cut/high 
pass, low pass/high cut, or band-pass, and they either 
apply to the total length of the seismic section (one 
window) or differ at different time windows (time 
variation filter; TVF).

The slopes of a band-pass filter indicate how much 
a frequency outside of the passband is decreased by the 
filter. The slopes can be defined in two ways: by specify
ing amplitude values for four distinct frequencies, or by 
specifying it as a taper (Butterworth and Ormsby Band- 
pass Filters), that is, by specifying how much dB per 
octave (Yan and Li 2019).

Several tests using all types of filters were tried. 
Because the results of the Butterworth and Ormsby 

Figure 3. The general workflow used in the present study.
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Figure 4. Line # 1 amplitude spectrum and BPF designs: (a) Butterworth BPF low F: 6 Hz, high F: 31, low Slope: 18 dB/oct., & high 
Slope: 72 dB/oct and (b) Ormsby BPF low Cut: 6 Hz, low pass: 12 Hz, high pass: 28 Hz, & high Cut: 34 Hz.

Figure 5. Line # 1 band pass filter (BPF) test: 2-5-10-20 Hz showing the harsh effects, especially on the high frequency contents. 
(a) before BPF application, (b) after BPF application, (c) difference (after – before), &; (d) amplitude spectrum after BPF application.
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Figure 6. Line # 1 band pass filter (BPF) test: 2-5-20-30 Hz. This test showed the harm effect on the high frequency contents, 
especially at time windows of (900 to 1300 ms) and also in (500 to 650 ms). (a) before BPF application, (b) after BPF application, (c) 
difference (after – before), & (d) amplitude spectrum after BPF application.

Figure 7. Line # 1 band pass time variant filter (TVF) with the parameters mentioned in table 1. This test outperformed prior tests 
in terms of improving data quality and maintaining both low and high frequency content. (a) before TVF application, (b) after TVF 
application, (c) difference (after – before), & (d) amplitude spectrum after TVF application.
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filter tests were nearly identical, the authors chose to 
focus on the Ormsby filter application examples in this 
work (Figures 4–6).

On the existing data, the effect of the various types 
of filters stated above was investigated, and the 
Ormsby time-variant filter was determined to produce 
the best results (Figure 7). This is most likely due to 
the data’s amplitude spectrum narrowing over time. 
Various parameters tests were conducted with various 
overlapping time windows in order to select the best 
parameters and proceed to the rest of the processing 
flow phases (Table 1).

3.2. FX deconvolution

The FX deconvolution is a spatial filtering process that 
enhances coherent data (regardless of dip) across 
a group of traces (Canales 1984). FX deconvolution 
begins by splitting the data into tiny enough windows 
to make events of interest appear linear. After that, the 
data in each window is Fourier converted. A prediction 
filter is constructed for each frequency and applied 
twice, once forward in space and once backwards. The 
inverse Fourier transform is applied to the two predic
tions, and the windows are blended back into the out
put. Each frequency’s operations are unaffected by 
those of other frequencies. This gives you a lot of leeway 
when it comes to predicting the outcome.

By altering the parameters of the FX deconvolu
tion application window, the data under study was 
filtered to remove as much random noise as possi
ble, and then they were tested (Table 2) to see 
which one produced a satisfactory result and was 
not harsh on the data. FX Deconvolution was used 
to improve the signal (coherent data) and reduce 
non-coherent noise (Figure 8).

3.3. F-K filter

F-K filtering is works in the frequency and wave num
ber (F-K) domain, where the seismic data is filtered to 
remove the undesired frequencies higher and/or lower 
than the seismic signal band, and then sent back to the 

Table 1. The best test of Ormsby band-pass TVF.

Time
Low 

Truncation
Low Cut 

Freq.
High Cut 

Freq.
High 

Truncation

350–1300 ms 10 15 55 60
1200–1400 ms 5 10 40 50
1350–1700 ms 5 10 35 40
1650–1800 ms 5 10 30 40

Table 2. The number of different tests from 001 to 006 for FX 
deconvolution.

Test Filter Length Design Window Cut-off Freq.

001 1 100 50
002 3 100 60
003 3 100 50
004 3 150 50
005 7 100 50
006 3 100 40

Figure 8. Line # 1 FX deconvolution application; (a) before applying FX Decon. (b) after applying FX Decon.(c) difference (after – 
before), & (d) amplitude spectrum after FX Decon application.
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time-displacement domain. The procedure is a two- 
dimensional Fourier transformation and must be 
sampled according to the Nyquist criterion to avoid 
aliasing (Gigandet 2014).

Data had been transformed to the frequency by 
wave number domain (F-K) to check for dipping 
linear noise (Figure 9). This domain allows selection 
regions according to slope of events. Therefore, it 
becomes effective for linear noise attenuation. The 
resulting F-K filtered output data was cleaner, indicat
ing an increase in the signal/noise ratio, as seen by the 
output minus input difference plot (Figure 10).

3.4. Deconvolution process

Deconvolution improves the visibility of tiny features 
in seismic data, as well as the clarity and interpret
ability of reflections (Onajite 2013). Deconvolution 
after stack is commonly used to recover high frequen
cies that have been attenuated by CMP stacking. It can 
also be used to reduce reverberations and multiples 
with short periods of time (Yilmaz 2001). 
Deconvolution can be predictive or spiking, in prac
tice, both forms perform a mixture of wavelet com
pression and de-reverberation (Bacon et al. 2003). The 
predicted component of the seismic trace (multiple 

Figure 9. F-K spectrum design window for line #1 showing the noise regions that picked for attenuation.

Figure 10. Line # 1 F-K application showing how much linear noises had been attenuated; (a) before applying F-K filter, (b) after 
applying F-K filter, (c) difference (after – before), & (d) amplitude spectrum after FX Decon application.
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reflections) is removed in predictive deconvolution, 
while the unexpected component of the seismic trace 
(reflectivity series) is left unaltered (Onajite 2013).

In spiking deconvolution, by reducing the wavelet to 
a spike, we are effectively convolving a spike (the wavelet) 
with a sequence of spikes (the reflectivity series), yielding 
the intended output – a spiked seismic trace equal to the 
reflectivity series (Robinson and Saggaf 2001).

Post-stack deconvolution is considered for two 
main expectations, the presence of a residual wavelet 
on the stacked section and the presence of short period 
multiples. High frequencies have been recovered, mul
tiples have been attenuated, amplitudes have been 
equalised, and a zero-phase wavelet has been produced 
via the post-stack deconvolution. Both predictive and 
spiking techniques were tested with different para
meters (Tables 3 and 4). The remaining multiple 
reflections were suppressed, the wavelet form and 
amplitude spectrum of the input data were adjusted, 
and the resolution was somewhat boosted using pre
dictive deconvolution (Figures 11 and 12). The tem
poral resolution was improved by spiking 
deconvolution, which compressed the wavelet and 
improved the sharpness and continuity of the reflec
tors (Figures 13 and 14).

4. Post-processing structural mapping

High-quality structural maps have a lot to offer the oil 
and gas exploration. The capacity to make solid judge
ments about the size and geometry of a hydrocarbon 

Table 3. Many tests for predictive deconvolution from 001 to 
009 by changing in all parameters to remove the reverberation 
to check which one is the best.

Test Operator Length Pre-whitening Lag Design Window

001 240 1 32 0–2000
002 240 1 32 300–2000
003 240 1 32 500–2000
004 240 1 8 0–2000
005 240 1 12 0–2000
006 240 5 32 0–2000
007 240 10 32 0–2000
008 100 1 32 0–2000
009 160 1 32 0–2000

Table 4. Many tests for spiking deconvolution from 001 to 006 
by changing of operator length and design window with the 
same number of pre-whitening for each test to spike the 
wavelet to reduce its effect then we compare between the 
result of predictive and spiking deconvolution to select which 
one is the perfect result to our final interpretation.

Test Operator Length Pre-whitening Design Window

001 40 1 0–1800
002 40 1 300–1800
003 80 1 300–1800
004 120 1 300–1800
005 20 1 300–1800
006 10 1 300–1800

Figure 11. Line # 1 predictive deconvolution application showing important improvement in vertical resolution as it can be 
verified by the Autocorrelation plot. Short period multiples had been attenuated, the wavelet is compressed further, and the 
reflectors are better characterised; (a) before applying predictive deconvolution (input), (b) Autocorrelation of the input that was 
used to choose deconvolution parameters (c) output after applying predictive deconvolution (OL = 240, gap = 32, PW = 1, DW =  
0–2000), (d) Autocorrelation of the output that was used for evaluation.
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trap, as well as how any reserves may be divided 
throughout compartments, is strongly influenced by 
the quality of such maps.

Following the completion of this post-stack proces
sing workflow, re-interpretation for the whole seismic 
lines were performed to demonstrate the effect of proces
sing on the interpretation (Figures 15 and 16) and map
ping for the Abu Roash-C Member, one of the known 
reservoir sections in the study area, as shown in Figure 17 
There are numerous differences between the depth map 
before and after post-stack techniques. For example, the 
depth ranges in both maps differ significantly. The values 
of map (a) range from −3570 to −4770 feet, while map 
(b) range from −3480 to −4470 feet. In addition, four 

major differences with faults were marked between map 
(a) and map (b) that are illustrated in red arrows in 
Figure 17: (1) Appeared as a separate fault running NE- 
SW, (2) shrank, revealing an un-faulted area to the north, 
and (3) grew longer (stretched), which could add area to 
a lead at its upthrown side, and (4) totally new EW fault 
which could add new leads (prospective area of 3-way 
dip closure).

5. Discussion

Numerous studies with different workflows have been 
conducted to enhance seismic imaging such as 
(Soliman et al. 2014; Munteanu et al. 2018; Abdel 

Figure 12. Line # 1 Average amplitude Spectra (a) before and (b) after applying the predictive deconvolution in Figure 16 (time 
window 700–1200 ms). The spectrum is flattened, albeit incompletely.

Figure 13. Line # 1 spiking deconvolution application showing significant improvement in the temporal resolution, including 
compress the wavelet and improved the sharpness and continuity of the reflectors.; (a) before applying spiking deconvolution 
(input), (b) Autocorrelation of the input (c) output after applying spiking deconvolution (OL = 20, PW = 1, DW = 300–1800),  
(d) Autocorrelation of the output that was used for evaluation.

NRIAG JOURNAL OF ASTRONOMY AND GEOPHYSICS 115



Figure 14. Line # 1 Average amplitude Spectra (a) before applying spiking deconvolution (input) and (b) after applying spiking 
deconvolution (output). The target of spiking deconvolution is to flatten the output spectrum, although the output spectrum 
nearly is flat (fig 19 b), it is far from representing a spike. The desired spike output can be obtained if the input is a minimum-phase 
wavelet, rather than a mixed-phase.

Figure 15. (a) the whole section of line-1 with interpretation of horizons before applying any processing techniques and (b) the 
time window (650–1150 ms) of line to be clearer and focus on reflectors.
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Fattah et al. 2020; Osinowo 2020). Several examples 
have demonstrated the production of clear subsurface 
images, even in the presence of diverse geological 
conditions and varying parameters for data acquisi
tion and processing. Although each environment pre
sents its unique challenges, the effectiveness of this 
method ultimately hinges on the quality of the final 
seismic images. These images constitute the principal 
basis for supporting geological interpretation and 
defining drilling targets (Bellefleur et al. 2018).

This research aims to determine the possibility for 
improving subsurface geological mapping using var
ious seismic post-stack processing procedures. Several 

processing procedures were performed with various 
test parameters to find the best flow, which, according 
to the authors, increased seismic data quality, aided 
better interpretation, and improved created subsurface 
geological mapping. The chosen post-stack processing 
flow includes in sequence: Time Variant Band-Pass 
Frequency Filter (TVF), Frequency-Spatial predictive 
deconvolution (FX deconvolution), Frequency-Wave 
Number (F-K) filter, and Post-Stack Deconvolution.

The frequency content of the stack was evaluated 
for all studied seismic lines, and several filter para
meters were tested. The results for Butterworth and 
Ormsby Band Pass Filter (BPF) are identical, and the 

Figure 16. (a) the whole section of line-1 after applying the workflow of post stack processing and (b) the time window (650–1150  
ms) of line to show the most difference was affected on reflectors especially around Abu Roash Formation. The horizons become 
more sharper, and some faults were shown.
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testing revealed that each filter setting was applied to 
the entire section, enhancing data in some areas while 
being harsh in others, including the horizons of inter
est. On the other hand, the time-variant filter (TVF), 
which is a variation of the BPF and is applied through 

overlapping windows, is predicted. Parameters 
(Table 1) were found to provide the best data enhance
ment for tested lines out of all the tests performed. 
Figure 7 illustrates the result using one line as an 
example.

Figure 17. (a) the depth map of Abu Roash-C Member before applying any processing techniques on 20 seismic lines and (b) the 
map after applying the workflow of post-stack processing techniques on all seismic lines of study area.

118 Y. GABER ET AL.



The FX deconvolution was then applied, and the 
following parameters: Filter length of 3 ms, design 
window of 100 ms, and Cut-off frequency of 50 HZ, 
were found to be the optimum for test line number 1 
(Figure 8).

Therefore, the FK filter is applied to reduce the 
unwanted frequencies of the dipping linear noises, 
higher and/or lower than the seismic signal band 
Figure 8. The successful consequence of applying the 
F-K filter in removing the dipping noise from the data 
is seen in Figure 10 of line-1.

Post-stack deconvolution is then tested and applied 
using the selected optimum parameters (Tables 3 and 
4). Both predictive and spiking techniques were tested. 
Predictive Deconvolution application (Figure 11) 
showed significant improvement in vertical resolu
tion. Short period multiples had been attenuated, the 
wavelet is compressed further, the reflectors are better 
characterised, and the average amplitude spectrum is 
flattened, albeit incompletely. Test 001 gives the best 
result for predictive deconvolution for tested lines of 
parameters (OL = 240 ms, gap = 32 ms, PW = 1% and 
DW = 0–2000 ms).

Spiking Deconvolution application showed signifi
cant improvement in the temporal resolution, includ
ing compress the wavelet and improved the sharpness 
and continuity of the reflectors. The result is presented 
of how long the operator length is, spiking deconvolu
tion in this case has failed to flatten the spectrum 
completely within the passband. According to the 
shortening operator length, the best tests are Test 
005 of parameters (OL = 20, PW = 1, DW = 300– 
1800) (Figure 13).

The goal of spiking deconvolution is to flatten the 
output spectrum, although the output spectrum 
nearly is flat (Figure 14(b)), it is far from represent
ing a spike. The desired spike output can be obtained 
if the input is a minimum-phase wavelet, rather than 
a mixed-phase. We compared the results obtained 
from the best performing predictive deconvolution 
and spiking deconvolution algorithms to determine 
which one yields better outcomes. Overall, our find
ings suggest that spiking deconvolution is a more 
effective technique for enhancing seismic data qual
ity, particularly in applications where the identifica
tion of individual reflectors is crucial.

We performed re-interpretation for the entire seis
mic lines following the completion of the post-stack 
processing workflow to demonstrate the effect of pro
cessing on the generated seismic depth map, notably 
of one of the main reservoir sections in the research 
area, the Abu Roash-C Member. There were a lot of 
variations between the pre- and post-processing depth 
maps. The resulting map’s depth range changed sig
nificantly from −3480 to −4470 feet, whereas it was 
−3480 to −4470 feet before processing.

There were also significant variations in existing 
faults, such as fault orientations, the disappearance of 
some faults and the introduction of new ones, and the 
length of fault extension. By adding additional struc
tural closures, these new structures may change the 
study area’s hydrocarbon potentiality.

6. Conclusion

This study revealed the benefits of employing post-stack 
seismic data processing to improve vintage seismic data. 
Increased signal-to-noise ratio, improved fault identifica
tion, and reflector sharpness and continuity are all advan
tages of post-stack processing. The application of a time 
variant filter is found to be superior to applying the filter 
in a fixed time window. Many of the current linear noises 
were removed by using the F-K filter. By reducing the 
existing random noises, the F/X Deconvolution 
improved data coherency. The Spiking Deconvolution 
demonstrated a significant improvement in compressing 
and enhancing the continuity of the reflectors. The data 
interpretation after reprocessing revealed improved map
ping and fault detection, revealing new possible struc
tures that could operate as hydrocarbon traps. In order to 
achieve the present improvement using post-stack pro
cessing, it is highly recommended to do pre-stack repro
cessing beginning with field recorded seismic data, as this 
is likely to significantly increase data quality.
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