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Summary 
 
This work deals with the broadband processing of conventional flat streamer seismic data acquired in shallow waters 
of KG offshore. Exploration interest in the area lies in the deeper syn-rift sequences which have the problem of 
structural complexity coupled with poor reflectivity of target horizons. Quality imaging of such horizons requires 
proper imaging technique using seismic signal of wide spectrum having sufficient strength of high as well as low 
frequencies. Processing sequence adopted for this data included the de-ghosting process through modeling of the 
ghost energy, considering the depth of streamer as constant. Proper de-noising, tau-p deconvolution, surface related 
multiple elimination (SRME) and pre-stack imaging has resulted in an improved image of the subsurface.  
 
 
Introduction 
 
3D seismic data was acquired in shallow waters of 
KG offshore in the south of Krishna high (figure-1). 
The data was initially processed through 
conventional processing sequence and image quality 
was very poor. Based on the initial processing of the 
data, a well was drilled in the area. It encountered 
more than 260 m of syn-rift sequence composed of 
medium grained sandstone with minor claystone. 
After testing the well has proved to be hydrocarbon 
bearing in 164 m thick column of syn-rift sequence of 
Lower Cretaceous – Late Jurassic age.  
 

 
 

Figure-1: Map showing the area of study 
 
About 70 m thick carbonaceous shale is overlying the 
syn-rift sequence acting as seal. Another well drilled 
in the area has also encountered the syn-rift sequence, 
which has 192 m thick pay unit, as per the initial 

assessments. To improve the image quality of the 
area, broad band processing of this conventional 
streamer data was taken up. 
 
Role of the Signal Bandwidth 
 
It is always desirous to get a seismic image of the 
sub-surface which is as close as possible to the true 
geology of the area. Proper definition of sequence 
boundaries requires a broad band of frequency 
ranges, where role of high as well as low frequency is 
equally important. High frequencies are required for 
the sharpness of the wavelet, whereas low 
frequencies are needed to get a wavelet with small 
trough and minimum ringing. Figure-2 shows the role 
of low as well as high frequencies on the shape of the 
wavelet. 
 
Lower frequencies are also important for imaging the 
deeper formations because of less absorption in 
comparison to higher frequencies. In actual seismic 
data higher frequencies always have low strength due 
to more absorption of these frequencies depending on 
the Q value of the medium. Generally, attempts are 
made to compensate for this loss of frequency though 
combination of Q compensation and deconvolution. 
 
In conventional streamer data acquisition, ghost 
energy associated with source and receiver results in 
the notches in the amplitude spectrum. The notch 
frequency is governed by the depth of the airgun / 
hydrophone, which is given by the relation: 
 

fn = n (V / 2D), 
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where n = 1, 2, 3, ….., fn is the notch frequency, V is 
the velocity of seismic wave in water and D is the 
depth of gun / hydrophone from water top. 
 

 

 

 
 
Figure-2: Wavelet of broad spectrum (top), wavelet without 
low frequencies (middle), wavelet without high frequencies 
(bottom) 
 
 
Because of the presence of the notch, usual 
processing steps of improving the bandwidth have 
limited capability. Broadband processing of 
conventional streamer data involves, application of 
de-ghosting technique to remove the effect of ghosts 
from the data, thus improving the signal strength of 
notch frequencies. 

 
Input data 
 
Seismic data was acquired in the area with a 
conventional marine acquisition comprising 6 
streamers 100m apart with 480 channels each at 25 m 
spacing towed at a fixed depth of 7m±1m. Dual 
airgun source with 50 m separation towed at 5m±1m 
was deployed in flip-flop mode with 25m shot 
interval between consecutive shots. With a 200m 
near offset and 6100m far offset, the geometry 
provided 120 nominal fold.  
 
Raw data was infested with swell noise and guided 
waves. Strong multiples in the data masked the 
deeper events. 
 
Processing sequence 
 
Processing sequence mainly focused on removal of 
swell noise and linear noise, designature, debubble, 
deghosting, tau-p deconvolution, surface related 
multiple elimination, offset class regularization, pre-
stack time migration and parabolic radon demultiple. 
Table-1 shows the work flow adopted for the 
processing of this data set. Because of the structural 
complexity of the area, strong velocity variations 
were observed. This required a very close grid 
velocity analysis before running the final migration. 
Details of the crucial processing steps are given 
below: 
 
(A) Deghosting 
 
Ghost energy associated with the receiver end was 
expected to generate the first notch in the spectrum at 
about 100 Hz, which was a major concern because of 
sharp drop in the strength of lower as well as higher 
frequencies. First notch associated with source ghost 
was expected to be at about 150 Hz, which was 
beyond the frequency of interest and hence not a 
matter of concern. For removing the ghost effect an 
operator was designed and its effect was first tested 
on the ghosted gun signature itself as shown in 
figure-3. Figure-4 shows the amplitude spectrum of 
ghosted gun signature (red) as well as gun signature 
after deghosting (blue). Subsequently, the deghosting 
operator was applied on the denoised data set. Figure-
5 shows the part of a shot gather before and after 
deghosting process, whereas figure-6 shows the 
effect of deghosting on the amplitude spectrum of the 
gather 
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Format conversion 
↓ 

Trace header updation 
↓ 

Swell noise removal 
↓ 

Linear noise suppression 
↓ 

Debubble 
↓ 

Designature 
↓ 

Deghosting 
↓ 

Tau-p deconvolution 
↓ 

2D mode SRME 
↓ 

Velocity analysis 
↓ 

Offset class regularization 
↓ 

Target line PSTM 
↓ 

RMS velocity analysis 
↓ 

Final Kirchhoff PSTM 
↓ 

High density V and η estimation 
↓ 

Higher order moveout correction 
↓ 

Parabolic radon demultiple 
↓ 

Stacking of PSTM gathers 
↓ 

Random noise attenuation 
 

Table-1: Processing work flow 
 

 
 
Figure-3: Gun signature (left), signature with receiver ghost 
(middle), signature after deghosting (right) 
 

 
 
Figure-4: Amplitude spectrum of gun signature with source 
and receiver ghost (red) and after receiver deghosting (blue) 
 

 
 
Figure-5: Part of the shot gather before and after deghosting 
 

 
 
Figure-6: Amplitude spectrum of the shot gather before (blue) 
and after deghosting (red) 
 
(B) Deconvolution and SRME 
 
Seismic data was infested with strong multiples and 
reverberations. All this was completely masking the 
primary reflections which are very weak especially 
from target horizons. It was important to choose a 
strategy to handle the short as well as long period 
multiples without compromising the primary 
reflections.  
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Multiples present at larger offsets can easily be 
handled with parabolic radon demultiple because of 
the moveout difference of primary and multiple 
energy. But its limitation at near offsets warranted the 
use of surface related multiple elimination (SRME) 
technique.  
 

 
 
Figure-7: Seismic section along a representative inline before 
deconvolution 
 

 
 
Figure-8: Seismic section along the representative inline after 
deconvolution 
 
Tau-p deconvolution was applied on gather data for 
handling the reverberations and short period 
multiples, using 320 ms as operator length and 60 ms 
as prediction distance. Figure-7 and figure-8 show 
seismic sections along a representative inline, before 
and after tau-p deconvolution. It can be observed that 
reflection events from deeper levels have been 
brought out clearly, due to suppression of 
reverberations after application of deconvolution. 
 
Subsequently surface related multiple elimination 
(SRME) was carried out in 2D mode, considering 
each streamer as a 2D sequence. Figure-9 shows the 
part of shot gather before and after SRME. It was 
observed that the strength of the multiples at near 
offsets was reasonably attenuated. 

 

 
 
Figure-9: Part of shot gather before (left) and after SRME 
(right) 
 
 
(C) Data regularization 
 
In general, the input seismic data had higher foldage 
than planned due to infills, thereby leading to an 
irregular offset distribution and fold coverage in the 
area. Offset class regularization was carried out to 
ensure that each CMP gather contains traces with 
regular offset distribution from 200 m to 6100 m at 
an interval of 50m. Figure-10 shows the fold map of 
the data before and after regularization and figure-11 
shows a CMP gather before and after regularization 
with offset value plotted on it.  
 

 
 
Figure-10: Fold map before and after regularization 
 

 
 
Figure-11: CMP gather before and after regularization. 
Source-receiver offset is plotted above the gather 
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(D) Pre-stack imaging 
 
Velocity analysis was carried out in a 500m x 500m 
grid using PSTM gathers generated on target lines. 
Smoothed RMS velocity was used for Kirchhoff pre-
stack time migration of the data.  
 
It was observed that some non-flatness is present in 
the PSTM gathers. High density velocity and 
anisotropy analysis was carried out at every 5th CMP 
location and residual moveout correction was applied 
for better flattening of the PSTM gathers. 
Subsequently parabolic radon demultiple was applied 
to remove the non-primary reflection present in the 
data, before stacking.  
 
Random noise attenuation using projection filtering 
and acquisition footprint suppression using f-kx-ky 
filter was carried out on PSTM stack to generate the 
final image of the sub-surface 
 
Figure-12 shows the representative inline seismic 
section from the conventionally processed data 
volume, whereas figure-13 is the output of same 
inline after broadband processing of the data.  
 
Conclusions 
 
Conventional streamer data of KG offshore was 
reprocessed with refined workflow including the 
deghosting sequence to achieve a broadband signal in 
the final output. 
 
Broadband processing has resulted in better 
definition of target horizons pertaining to the syn-rift 
sequence as observed in 1500 ms to 3000 ms two 
way time window.  
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Figure-12: Representative seismic section from conventional processing 
 

 
 

Figure-13: Seismic section after broadband processing 


