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Abstract

This study concentrates on the analysis of 2D seismic reflection surveying data
obtained from a seismic line characterized by a considerable amount of noise and
reverberations. The goal is to enhance data quality by employing the surface-
consistent deconvolution technique, which encompasses two variations; gapped and
spike deconvolution. The unique applications offered by utilizing the Global
Claritas software to achieve optimal outcomes, which assist in the quality of seismic
data analysis and interpretation. Several tests were carried out on the seismic data,
revealing that the application of Spike deconvolution with an operator length of 220
milliseconds and a prediction lag of 2 milliseconds led to enhancements in the data.
This process improved the wavelet continuity and reduced noise levels. Through the
tests conducted on gapped deconvolution, it was determined that the optimal
operator length for the data is 220 milliseconds, accompanied by a prediction delay
of 20 milliseconds, which got excellent results in eliminating reverberations and
improving the vertical resolution of the seismic. The deconvolution application
technique was effective in reducing noise for shallow-depth data. According to the
results extracted after applying Gapped deconvolution, it is regarded as the most
effective method for the data pertaining to the western region, as well as offering a
clearer image of the subsurface reflectors, this would increase the resolution of the
seismic section in detecting reflection surfaces and to distinguish seismic attributes.

Keywords: Seismic section resolution, Surface-consistent deconvolution, Spike,
Gapped, Western Region, Iraq
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1. Introduction

Reflection seismic data processing is a sequence of methods used to transform the reflected
raw seismic wave arrivals into subsurface images that can be used for geophysical and
geological interpretation [1]. Seismic exploration aims to determine the location and size of
underground oil and gas reserves and to reduce the risk of drilling dry wells [2]. The seismic
reflection method depends on the generation of mechanical waves, with known frequencies
that interface with the Earth's layers and are then reflected to a surface to be received by
geophones [3]. Geophones record the reflected waves, which are then processed to create a
complete model of the underlying subsurface structures [4]. The characteristics of rocks and
their bearing capacities are essential factors that must be considered during geophysical
surveys [5]. After the data is acquired from field surveying, data starts with the first stage of
processing, which checks the data quality of shot-gathers and continues until the final stack,
which composes the final subsurface image [6]. One of the most important steps in seismic
processing is the deconvolution process, due to its ability to improve the signal-to-noise ratio
and enhance data quality by reducing noise and reverberation as much as possible [7].

Deconvolution is the process that leads to uncoupling between the source wavelet and the
reflectivity series in seismic data to obtain the most accurate information from the subsurface
image [8]. There are many types of deconvolution techniques used in seismic processing. The
surface-consistent deconvolution “SCDECON” is one of the important types that decomposes
the wavelet signal into offset, receiver, source, and reflectivity series [9].

This study will use the Surface-Consistent Deconvolution “SCDECON” to process one
2D-seismic data line, which belongs to the western region of Iraq near Al-Qaim District in
Anbar Governorate, as shown by the red rectangular in Figure-1B. The seismic line was
implemented using vibration trucks, and the type of shooting is mid-shooting (Symmetrical).
The length of the seismic line is 54.05 km, and the distance between each two receiving
points or two source points is 50 meters. The seismic data is characterized by its noise and
poor quality due to the nature and properties of the rock layers [10]. Hence, the use of
surface-consistent deconvolution can enhance the data from the noise effects by its
properties, such as preserving the amplitude balance and phase characteristics [11].

The contractor that supplied us with the seismic data chose to keep the details confidential
by refraining from disclosing the exact location of the seismic line in the Western Desert of
Iraq. The study aims to improve the temporal resolution of the seismic data on the shot-
gathers before the stacking stage and attenuate the noise and reverberation on the recorded
data.
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Figure 1: A- Shows the location of Iraq, which is related to other countries and the tectonic
division of Iraq. B- represents the area near the seismic survey line [12].

Figure 2 explains the strata succession of Akkas-1 well. The well shows the lithological
sequence during the Tertiary, Cretaceous, and Paleozoic periods for a wide range of
formations extending to 2431 meters in depth. Through the general view of the well, it
consists of several sedimentary cycles during the periods mentioned and found that the
thickness of the formations in the Tertiary and Cretaceous periods is thin and of different
lithologies and velocity, which consequently affects the quality of the seismic data and
increases its reverberation of waves. In contrast, the thickness of the formations in the
Paleozoic period is large and close in lithology.
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Figure 2: A general view of the succession of Akkas-1 well in the study area. Many
sedimentary cycles are shown during the Tertiary, Cretaceous, and Paleozoic periods [13].

2. Theoretical background

The seismic techniques require the generation of Seismic or mechanical waves by selected
source types like vibration trucks. These waves travel through the Earth’s layer to convolve
with boundaries and layer contacts. Then they are reflected to the surface to be received by
detectors called geophones as shown in Figure 3 when the survey is implemented on the land
[14]. The recorded seismic waves, which are received by geophones, are transferred as digital
data and then converted to analog signals by some sequence of devices, which allows the data
to be previewed as SEG-D files [15]. Standard seismic data format “SEG-D file is converted
to Seismic data exchange format “SEG-Y” to let the seismic processing software interpret
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and analyze the data more effectively, enabling seismic processing programs to deal more
easily with the acquired data [16]. Surface-consistent deconvolution techniques work to
remove surface-related effects, including variations in source and receiver coupling and near-
surface conditions, which can cause fluctuations in signals [17]. The underlying assumption
is that these signal distortions are linked to surface factors and are consistent with the source
and receiver positions, as shown in Equation 1 [18]. The different deconvolution algorithms
are utilized for each component to account for local variations [19]. The non-stationary
seismic data that exhibit spatially varying surface conditions, particularly from land seismic
surveys, employing surface-consistent deconvolution proves to be quite beneficial [20].

i

M

k 3

Figure 3: Surface consistent deconvolution model for the seismic trace.

d;; (t) = 5;(0) * 1;(0) * hy(€) * y,(0) (1)
1 ‘f A i

MNear-surface Subsurface

Where the symbols in Equation (1) refer to the following [21]:
e (*): refers to the convolution process.
e di(t): The recorded seismic data at i™ is the seismic receiver traces, and j™ is the source
number recorded.
v' i: Coordinate of the seismic source.
v" j: Coordinate of the receiver.
e Si(t): The source effect on the surface at the coordinate i.
e 1j(t): The receiver effect on the surface at the coordinate j.
e hi(t): The offset effect at the offset coordinate k.
v" k: Coordinate related to the subsurface impulse response.
¢ yi(t): The subsurface responses beneath surface location 1.
v 1: Coordinate related to the reflectivity.

3. Materials and Methods

The software used for the seismic processing was “Global Claritas”. This software is one
of the commonly used programs. This program was developed by the New Zealand Institute
of Geological and Nuclear Sciences [22].
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SCDECON affects spatially-varying as a gapped deconvolution and time-varying as
spiking deconvolution. The deconvolution is applied in two stages: Spiking SCDECON to
select the best operator length, and the gapped SCDECON to find the best prediction lag.

To verify the precision of the deconvolution process, both spike and gapped methods
employed an auto-correlogram and an amplitude spectrum graph [23]. This was done using
the software “XVIEW” before and after the deconvolution process.

3.1 Spiking Surface-Consistent Deconvolution

The “SCDECON” software is used asthe central surface-consistent deconvolution
processor. This kind of deconvolution needs to provide the parameter of the operator length,
prediction lag, and the Whiting noise percentage. The process was done by conducting six
tests to find the best operator length, considering the sample rate as prediction lag, which is 2
ms for all tests, which is equal to the sample rate of the recording data, and using operator
lengths ranging from 180 ms to 400 ms and fixed whiting noise percentage 0.01% according
to (Table-1).

Table 1: Tests applied to find the best parameters for spiking SCDECON.
Test No. Operator Length (ms)

180

200

220

260

300

400

A N A W N =

Raw autocorrelated data is shown in Figure-1, and the results are shown in Figure-2 Post-
deconvolution. To prove the result of the deconvoluted data, the amplitude spectrum graph
was used as shown in Figure 3 before and after deconvolution, Figure 4. The Deconvolution-
extracted data is transformed from the shot-gather domain into the CDP-gather domain. The
normal-move-out correction is applied to prepare it for stacking, which is the last stack of the
data. Using a bandpass filter to reduce the noise acquired from applying the deconvolution,
the bandpass frequencies used are [11-13] Hz for the high-pass filter, and for the low-pass
filter they are [45-50] Hz.
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Figure 4: Raw data autocorrelation.
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Figure 5: Autocorrelation after applying spiking SCDECON, operator length 220 ms,
prediction lag 2ms.
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Figure 6: Amplitude Spectrum for raw data.

Amplitude spectrum normalised to 1.0
Spectrum averaged over 240 traces:
Maximum input Anplitude : 0.00110193
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Figure 7: Amplitude spectrum after applying spiking SCDECON, operator length 220 ms,
prediction lag 2ms.
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3.2 Gapped Surface-Consistent Deconvolution

This kind of deconvolution needs to provide the parameters of operator length, prediction
lag, and the whiting noise percentage. Using the software “SCDECON,” six tests were
applied. The parameters used, operator lengths ranged from 180 ms to 360 ms, the prediction
lag ranged from 12 ms to 42 ms, and the fixed whiting noise percentage 0.01% according to
(Table-2) to determine the best prediction lag and operator length, as shown in auto-
correlogram pre-deconvolution (Fig. 1) for raw data. The result is shown in Fig. 5 post-
deconvolution and proves the result by using the amplitude spectrum (Fig. 3) before and after
deconvolution (Fig. 6). The extracted data from deconvolution is converted from the shot-
gather domain to the CDP-gather domain, and the normal-moveout correction is applied to
the data to be ready for stacking [24]. A bandpass filter is used to attenuate the noise resulting
from deconvolution to extract the final stack for the data [25]. The bandpass frequencies
employed are [11-13] Hz for the high-pass filter range and [45-50] Hz for the low-pass filter
range.

Table 2: Tests were applied to find the best parameters for gapped deconvolution.

Prediction Lag (ms)

Operator Length (ms) Test 1 Test 2 Test 3 Test 4 Test 5 Test 6

180

200

220 12 16 20 28 36 42

240

280

360

Time ms |F ilter=220ns, Gap=20ns

10376 Shot ID
0 6000 OffsetM
6 18 30 42 54 66 78 90 102 120 138 156 174 192 210 228 (‘Ihannels
i {1 [k

iy I 0
Jllll u |||

111

HHIWH oo,

l %
L1503

n||
HHHHHHM
il
hn

HHHHH! 20

Il 1|HHMHHHHHHH{\}\;\ 0

|
I | |
Hl\HHHHHHHNHHH\\\\\I\HHHHH!U\\\\I\!\\\HHHHH\H\\HI\l\HHHH!IH!H\H\HWU\HHHHWlHHHHIWHWMNHH\\\\\\!\HHHHHHMHHHHHHWHH\HHHHHWHHHHIUW |

Figure 8: Autocorrelation after applying gapped SCDECON, operator 220 ms, prediction
lag 20 ms.
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Figure 9: Amplitude spectrum after applying gapped deconvolution, operator 220 ms,
prediction lag 20 ms.

4. Results and Discussion
4.1. Spiking SCDECON

The best operator length was found to be 220 ms with a prediction lag of 2 ms and Whiting
noise of 0.01% using a comparison between the raw data ( Figure-1) and the resultant data
from deconvolution (Figure-2). Noise causes small multiples to appear in the autocorrelation
[26]. The data could find the effect of spiking on the data by previewing the raw shot-gather
in (Figure-7) and matching it with the shot-gather in (Figure-8) after applying spiking
surface-consistent deconvolution as shown in yellow and blue ovals.

SHOT LD 10376

QOffset M 6000 6000
CHANNEL No. & 12132430."642485460667278849096 108 132 144 156 168 !.30 192 204 216 228 24

Figure 10: Raw shot-gather
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Figure 11: Shot-gather after applying spiing SCDECON, operator length 220 ms,
prediction lag 2ms.

Although the data resolution dropped, which represents a disadvantage indicator for this
kind of deconvolution, the wavelet continuity in the resulting final stack was better than the
raw stack, as shown by the red oval shapes, when compared to the raw stack, as shown in (
Figure-9), with the final stack following deconvolution, according to (Figure-10). The black
rectangle helps to notice that the noise has vanished from the layers close to the surface to a
great degree. In the layer close to the top surface between the time zero and 500 ms, the
vertical resolution has become essentially lacking, and some layers have become lighter. This
reflects that this deconvolution method is inappropriate for application to enhance the shallow
depth wavelets.

In (Figure 10), green arrows indicate the locations of multiple lacking elements. These results
suggest that spiking surface-consistent deconvolution is more suitable for noisy seismic data.

COP 469 519 569 619 669 719 769 819 869 919 969 1019 1069 1119 1169 1219 1269 1319 1369 1419 1469 1519 1569 1619 1669 1719 1769 1819 1869 1919 CJ
°"*“‘“"7‘ T R (O S . o O, QRO O S 40,22 N I T 0 200l
SI)"III 10598 10656 10708 10758 10808 10860 10912 10953 11020 11070 11125 11175 11227 11270 112704

Figure - 12 Raw data stack, the layer near the top surface is noisy, as illustrated by a black
rectangle. The red ovals show less continuity of events, and the green arrows refer to the
locations of reverberations and the multiples.
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Shot-gather after applying gapped SCECON, operator 20 ms, prediction lag

Figure 15
20 ms.

Extensive change in stacked data was found after the gapped deconvolution in the surface-
consistent method by comparing the raw stack (Figure-13) with the resultant stack after
deconvolution (Figure-14), which shows the top part of the stacked data. The unusual

discovery was also what was observed in spiking SCDECON, where the events near the

surface are clear and can be readily distinguished, as shown in Figure-14 with the red
rectangle, but the layers near the surface are almost free of noise that influences the
interpretation of the data also some of the events attenuated due to the effect of the
deconvolution on attenuation the multiples and reverberations at the shallow depth between
zero to 500 ms. The red ovals in the final Figure-14 indicate that the multiples in the data
were found to be quite attenuated, hence becoming rather few compared to the previous
results in the deconvolution processes.

The wavelet distortion in the data virtually

and their continuity was rather clear. Furthermore, distortion was

3

the same observations apply to the deep part of the stacked data as to the

e

resultant stack after applying the deconvolution. The events showed significant high

attenuation in the multiples

For the deep part observations, as shown in Figure-15, raw stack and Figure-16 post-
absent from the wavelets.

disappeared. As the final image by the green arrows indicates, the events have a rather high
deconvolution stack

and clear temporal resolution with high continuity of the wavelets.
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Figure 16: Shallow part of staked raw data. The red rectangle shows the noisy top layers in
the shallow part, while the green arrows refer to the events before deconvolution. The red

ovals show the locations of multiples and distortion wavelets.
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Figure
deconvolution, operator 220 ms, prediction lag 20 ms.

17: Stack fc;r the shallow data after applying

gapped surface-consistent
The red rectangle shows the

attenuation of noisy top layers, while the green arrows refer to the events that become sharp.
The red ovals show the enchantment in multiples and distortion wavelets.
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Figure 18: Deep part of staked raw data. The green arrows refer to the events before
deconvolution, while the red ovals show the location of multiples and distortion wavelets.
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Figure 19: Deep part of staked data after gapped surface-consistent deconvolution, operator
220 ms, prediction lag 20 ms. The green arrows refer to the events that became sharper and
clearer, while the red ovals show the attenuation of multiples and distortion wavelets.

5. Conclusions

The test indicates that the best parameters for spiking SCDECON were the operator length
of 220 ms, the prediction lag of 2 ms, and the whiting noise of 0.01%, which was proved by
using the auto-correlogram, which gave the best result of high correlation to the primary
wavelets and free multiplies. Again, this proved the results of the parameters by using the
amplitude spectrum graph, which led to making all the bandwidths of the frequencies almost
in the same amplitudes. It also made the amplitude spectrum graph like a box shape. After
applying the spiking SCDECON to the data, it was found that the effect on the shot-gathers
was wide through shrinkage of the primary wavelets. Still, the observation shows less vertical
resolution and continuity of the wavelets, especially near the top part. However, there was an
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effect on the wavelets on the deep part of the stack, which is considered a disadvantage
through using spiking SCDECON. That indicates that the spiking SCDECON is suitable for
enhancing seismic data only from mechanical noise.

The best parameters indicated for gapped SCDECON from the tests were the operator
length of 220 ms, the prediction lag of 20 ms, and the whiting noise of 0.01%. These
parameters were proven using the auto-correlogram technique, which produced the best
results concerning the main wavelets and free multiplies. Once more, this demonstrated the
effects of the parameters by means of the amplitude spectrum graph, which produced almost
identical amplitudes for all the frequencies, rendering the amplitude spectrum like a box
form. After applying the deconvolution on the shot gathers, it was vast changes, more than
spiking SCDECON by increasing the vertical resolution at the deep part from 3000 ms to the
end of the stacked data, and the wavelets became more shrunken, especially at the time 1900
ms, 2500 ms and 3600 ms. Also, the continuity for the primary wavelets gives more stability,
especially at 3600 ms. The reverberations, multiples and noise faced high attenuation
between zero and 400 ms.

Finally, the gapped SCDECON was found to be the best technique for using the data
related to the western region of Iraq, according to the 2D seismic data used in this study.
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