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Summary 

 

 Need for better data quality increases as exploration and exploitation of hydrocarbons become difficult especially in the areas 

having poor data quality. Today, the noise is an increasing challenge and Data enhancement is in demand of time in Oil 

Industries. 

 

In this article, we present two case studies of data enhancement. One example is taken from 3-D seismic surveys acquired in 

Mumbai High field of Western Offshore Basin having normal fault within carbonate sediments and other from conventional 3-D 

seismic data of Thrust Fold Belt area of Tripura with setup of reverse faults in clastic sediments. Both cases illustrate the need 

for careful interpretation of seismic data, particularly when attention needs to be given to continuity of seismic events for 

imaging the reservoir without going for time consuming and expensive data acquisition and reprocessing of the data.  

 

By enhancing the seismic data, the interpretably of data have significantly increased by obtaining high signal to noise ratio and 

addition of high frequency contains in the data. Lateral spatial resolution increased with better image of steeply dipping beds in 

case of complex area. Subsequently, it has been validated and analyzed with power spectrum analysis, time slices and generation 

of confidence map for conventional and enhanced seismic images. Seismic inversion was carried out with both version of seismic 

volumes and Acoustic Impedance values were compared to evaluate the effectively of the data enhancement on reservoir 

characterization as well as structural interpretation.  

 
 

Introduction 
 
In the seismic reflection data, signal to noise ratio is always 
a problem and poor data quality in many area due to 
acquisition artifacts make the interpreter indecisive. 

Routine acquisition of 3-D seismic data and its 
interpretation on workstation has immensely helped in 
resolving the structural as well as stratigraphic features. But 
the data quality is still a big problem and hurdle in 
interpretation especially in good reservoirs zones. The 
understanding of these features requires good data quality 
to visualize the reservoirs. After advances in acquisition 
techniques, some of those problems can be solved, but not 

the all.  

 
Processing of seismic data and its reprocessing contributes 
up to some extent in solution of signal to noise ratio 
problem.  In case of data quality is not good and requires 
improvement, it is not easy to acquire data and reprocess it 
immediately as it is time consuming job and expensive. If 

the data can not be enhanced significantly, then why do we 
need reprocessing and acquisition of data, investing huge 
amount of money. 
    
 With the advances in seismic data interpretation and 
availability of high computing workstations, an attempt for 
image enhancement of normal or conventional seismic data 
can be made by removing random noise, spikes and 

artifact. Image enhancement can be used to reject spurious 
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dissimilarity and enhance regional dissimilarity as 
associated with faults and facies (Fossen at al 1997).  

 
Two different fields of Indian Basins have been taken to 
illustrate the effects of noise on seismic signal and data 
enhancement. The detailed study of seismic data and well 
data from  Rokhia structure of Tripura (Assam Arakan 
Basin) have demonstrated that most noise on seismic data 
results from interference of dipping coherent noise with 
real reflection due to steep dip of beds and thrust faulting.  

The other case study from Mumbai High Field of Western 
Offshore Basin presents the case of noise associated with 
data acquisition in offshore and gas cap area. Both of the 
case are structurally complex with poor data quality and 
requires data enhancement.  Since the interference disrupts 
the real reflection, it is necessary to improve the continuity 
of the seismic events for better visualization of reservoirs.  
 

Methodology 

 
The data enhancement techniques were divided into two 
parts for the evaluation of the complete process as 
discussed below. In the first step, a single seismic line was 
selected and extracted   from the complete 3-D seismic 
volume of the area to avoid the computations time and 
different parameters were applied by iterative methods for 

noise cancellation and image enhancement of seismic. 
 

Data enhancement 
 
Seismic lines and time slices are used for the basic 
interpretation of the seismic data as inputs. Therefore, a 
single inline and cross-line were taken for each area to 
check the effectiveness of the interpretive processing 
before the applying the process to the complete volumes. 

Generally, data enhancement is performed early in first 
phase of interpretation before horizon tracking and fault 
mapping by analyzing the effect of processes and objective 
of interpretation followed by image enhancement by some 
form of amplitude scaling to balance the output data. The 
effectiveness of each process in noise attenuation is 
illustrated in the following table:  
 

Option                 Attenuation of     Attenuation of                                    
                             Random Noise     Coherent Noise  
Trace Mix                            Fair                Good  
FX Deconvolution              Good               Poor  
Coherency Filter                 Good               Poor  

 Dip-Scan Stack                Good               Good  
FK Weighting                      Good                Poor  
FK Fan Filter                       Good                Good 
 
It was observed that dipscan stack process improves the 

data in several ways by attenuating both random and 
coherent noise. Therefore more weightage was given to 
dipscan process.  
 

Image Enhancement 

 
The image enhancement techniques can be applied to 
conventional seismic data or to a dataset composed of 

similarity attributes. With standard seismic data, image 
enhancement is useful for removing random noise and 
spikes. With similarity data, image enhancement can be 
used to reject spurious dissimilarity and enhance regional 
dissimilarity such as that associated with faults. 

 
Image Enhancement offers several methods of smoothing 
data based on the ranked amplitudes within a specified 

zone calculating the average, median, root-mean-square 
(RMS), or weighted average of the remaining amplitudes 
and assigning that value to the central sample. The options 
are :vertical smoothing based on the samples in a single 
trace, horizontal smoothing based on the samples within a 
9-trace plane and volumetric smoothing based on the 
samples within a 27-sample cube. The selection of process 
depends on the objective.    

 
 The median option is good for dissimilarity detection 
because it tends to remove isolated spikes while preserving 
sharp breaks in similarity that have lateral extent. 
Averaging tends to smear rapid changes and could actually 
make fault cuts less pronounced.The root-mean-square 
amplitude is calculated as the square root of the average of 
the squares of the amplitudes that fall within the specified 
ranking range. Because of the squaring, the higher 

amplitudes have a larger impact on the RMS amplitude 
than they do on the average amplitude. Also, RMS 
amplitudes are always positive. With similarity data as 
input, taking the RMS values emphasizes similarity at the 
expense of dissimilarity. The weighted average amplitude 
is calculated for all the amplitudes within the specified 
ranking range and assigned to the central sample. 
Triangular weighting is applied before the amplitudes are 

averaged. The amplitude in the center of the ranking is 
given the greatest weight; decreasing weights are applied to 
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the other amplitudes in relation to their distance from the 
center of the ranking. 
 
These two parameters: Minimum Ranking & Maximum 
Ranking define the range of amplitudes to use in the 

smoothing operation in terms of their ranked order. If the 
input data is similarity attributes, we might exclude the 
lower amplitudes (Minimum Ranking) to emphasize 
dissimilarity or exclude the higher amplitudes (Maximum 
Ranking ) to emphasize similarity.  

 

Discussion of results: 

 

Case Study-1 (Mumbai High field):- 

 
In the offshore area, seismic noise includes the background 
noise (associated with drilling activity, production 
platforms, sea swell), source generated noise (direct and 
scattered surface waves, air waves) and instrument noise 
and puts footprints in 3D seismic data 
 

 
 
Figure 1. Location map showing Study area   

 
During the interpretation of seismic data of study area as 
shown in Figure 1, it was felt to make an attempt to 
minimise the noise and enhance the data. Since the data 
was already reprocessed with latest technology of PSDM 

and PSTM techniques, it was not possible to recommend 
for reprocessing again. With help of available package of 
data enhancement and image enhancement package in 

interpretation, an attempt was made to improve the data  
with success.  
 

 
Figure 2. Seismic section showing data enhancement 

 
This paper presents an adaptation of the image 
enhancements by dip scan techniques   that is not only 
capable of removing random noise, but is actually a very 
powerful tool for suppressing acquisition footprint  
 

 
 
Figure 3. Time slice of normal and enhanced seismic with the 

difference plot of both time slices. 

 
artefacts in seismic data as effect of data enhancement is 
shown in Figure 2 .  Time slices extracted at 1600 ms from 
the normal and enhanced seismic volumes is shown in 
Figure 3 in panel 1 and 2 respectively with the difference of 
both slices in panel 3. The acquisition artefacts are 

minimised and difference of both volumes is significant.   

Enhanced 
Normal 
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Figure4. Seismic section in wiggle and density form showing 

frequency enhancement after data enhancement  
 

Figure5. Power spectrum of normal and enhanced seismic 

 
Figure 4 indicates the increase in frequency contents after 
the image and data enhancement at shallower as well as 
deeper lever which help in reservoir characterization in the 
complex nature of the field having multi-layer reservoir 
with many faults and gas cap area. The power spectrum 

corresponding to normal and image enhanced seismic 
volumes is shown in Figure 5 for the large window. Figure  
shows the unenhanced and enhanced seismic section side 
by side with the corresponding power spectrum in the same 
window showing the sharp change in spectrum .In Figure 6,  

 
 Figure 6. Vertical seismic section of normal, enhanced and its 

difference  

 
the panels of  normal ,enhanced and difference of vertical 
seismic sections extracted from seismic volume show the 
continuity of event is more clear and visible in enhanced 
section than conventional seismic section. There is a large 
increase in resolution including the high 

 
 
Figure 7. Confidence map for normal and enhance seismic 

Figure 8. Chair display extracted from Coherence cube volume 

generated from normal and enhanced seismic 

 

frequency data.  Again the time slice extracted from the 
enhanced seismic shows smoother picture with increased 
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sharpness  than normal. seismic. Figure 7 represent the 
confidence map generated during horizon tracking. It 
indicate the change in confidence from 60% (blue/green) to 
85% (yellow color) after data and image enhancement. 
With the help of chair display extracted from conventional 

and enhanced seismic, the affect of dip scan process is 
clearly visible. The curvi-linear noise and artifacts noticed 
in left side panel disappear in right side panel. The right 
side panel of coherence cube generated from enhanced 
seismic shows better image of faults definition in Figure 8. 
 

 
 
Figure 9. Acoustic impedance section based on conventional and 

enhanced seismic volumes  

 

For evaluation of the process on reservoir characterization 
in addition to better visualization on structural relief, 
seismic inversion was carried out in the present area with 
normal and enhanced seismic volume and comparison is 

shown in Figure 9. Seismic inversion based on enhanced 
seismic shows better image of acoustic impedance as 
highlighted with ellipse in the figure. The cross plot 
between Acoustic impedance derived from conventional 
and enhanced seismic as plotted in cross plot shown in 
Figure 10. 

Figure 10 .Cross plot between acoustic impedance derived from 

normal and enhanced seismic data 
 
The cross-plot indicates that the regression line is straight 
from the acoustic impedance range of 3500-6000 
mt..gms/sec.cc but slope changes from 6000-9500 

mts.gm/sec.cc and there is standard deviation from mean 
regression line.  It indicates that data enhancement is not 
only helpful in structural interpretation but it is equally 
useful in reservoir characterization.  
 
Conventional seismic data based on seismic traces are 
generally used for interpreting faults running perpendicular 
to strike direction. However, in the complex fault zone, it 
becomes more difficult to see the fault lineaments along 

strike direction. With the coherence cube slice generated 
from enhanced seismic data, fault in any orientation can be 
visualized equally well in all directions as shown in figures 
and reservoir characterization can be done in better way 

without any extra affords of reprocessing or time taking 
data acquisition for only a marginal improvement of data 
quality. 
 

Case  Study 2 ( Fold Belt area of Tripura) 

 
This case study from Rokhia field of Tripura was taken to 
illustrate the effects of dipping noise due to steep dips of 
beds on the real seismic events and analyze the 

effectiveness of dip scan filter in data enhancement. In the 
present case, systematic noise can be related to acquisition 
due to rough terrain as shown in location map of the area in 
Figure 11 , processing artifacts , complex straitigrphy and 
the random noise due to wind, wave motion ,instrument 
noise and imperfect static corrections.  To avoid 
misinterpreting noise as real features, it is necessary to 
minimize the noise effects before start of interpretation. 
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Figure 11.  Location map of study area (case study 2) 
 
Primary objective of geological / geophysical interpretation 
in this case is a structural assessment based on stacked 

seismic data and minimize the dipping noise. The noise 
associated with signal is main problem and creates 
hindrance in the imagination of structural features.  
 
Enhancement of seismic data is felt necessary with the need 
of high resolution seismic data for mapping of reservoir 
boundary and its detailed description for delineation of 
spatial heterogeneity (Hestammer at al 1999) . 

 
In the onshore data , mostly the strong noise hampering the 
quality of seismic data  is caused by ground roll, 
surrounding noise of transport etc which should be either 
removed by reprocessing or data enhancement during 

interpretation. Today, the seismic applications are more 
demanding and need better noise mitigation (. Reservoir 
property estimation and inversion requires better amplitude 
and phase for broader bandwidth of seismic data  
 

 
 
Figure 12. Seismic section showing the effect of data image 

enhancement 

 

 
Figure 13. Seismic section passing through well showing 
data improvement  
 
Not only the visualization of seismic data becomes clearer, 

the horizon tracking becomes faster with auto tracking of 
horizons and manual tracking is avoided. 



 

 
Seismic Data Enhancement While Interpretation – 

A Challenge For Better Imagination of Structure 

   

 
 

7 

 

 
 
Figure 14. Reflection strength attribute extracted from normal and 

enhanced seismic volumes showing clarity in mapping of sands 

 
Acquisition and processing techniques have been made 
more efficient and cost-effective.  However, each method 

has relevant weaknesses and limitation in difficult area 
having difficult terrain and logistics like Tripura. The 
interpreter has to compromise with situations. During the 
inspection of data it was observed that data require 
improvement before interpretation. But due to time 
constrain it was not possible to reprocess the data.. 
Therefore, it was decided to use the enhancement technique 
available with interpretation modules to create a more 
comprehensive image of the subsurface. When the data 

enhancement and image enhancement are combined, 
uncertainties in interpretation are drastically reduced. 
 
 The Figure 12 and Figure 13 demonstrate that enhancing 
resolution can more clearly identify the flanks of the 
anticline, allowing better definition of stratigraphy as well 
as structural trends and more confident interpretation. A 
compressional anticline shows more continuity and clearer 

definition to the strata within the sediments on the 
enhanced section and additionally the enhanced section 
shows a series of well defined faults which are obscured in 
conventional section. The improved signal may reduce the 
exploration risk. Deeper as well as shallower events are 
more clear in the seismic section shown in figures12 and 13 

with highlighted color circles. The vital part of structure i. 
e. crestal part of anticline can be tracked and mapped with 

full confidence without any difficulty. 
 
Data enhancement have not only refined the structural 
configuration but it had provided the much better picture of 
sand distribution through the reflection strength map as 

shown in Figure 14. In the reflection strength map 
generated from enhanced seismic volume, the boundary of 
sand lobes are well defined whereas left panel indicates 
noisy and scattered data in black color textures. 
 

Conclusions 
 
The data enhancements process takes less overhead time   
in comparison to acquisition and reprocessing but provide a 
significant detailed result.. The entire process takes few 
hours for optimization of parameters and image 
enhancement of complete seismic 3-D volume whereas 
expensive reprocessing and data acquisition takes months.   

 
To assess the ability of data enhancement output, difference 
plot of seismic sections and time-slices were extracted 
which indicates significant improvement in the data. 
Confidence factor increases significantly with data 
enhancement and image enhancement process, by increase 
in continuity and clarity of horizons. 
 

Data enhancement is possible without repetition of seismic 
survey in highly complex area having terrains in on-land 
and complexity in offshore areas.  
 
Auto tracking of horizons and faults becomes faster and 
takes less time in tracking of horizons and faults. 
  
Coherence cube slice extracted from enhanced seismic 

provide better structural and straitigraphic discontinuity to 
understand the exploration and exploitation of the reservoir.  
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