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Abstract:  

 

In general, seismic waves propagating through the earth 

surface suffers absorption, scattering and transmission losses 

of varying degrees. As a results frequency dependent loss of 

amplitude occurs. Due to this interpretation of seismic data 

and AVO/AVA studies in gas zone affected area becomes 

difficult. For relative amplitude preservation, it is essential to 

correct for these affects prior to migration. 

 

The other techniques for overburden compensation like 

constant Q and variable Q are available but with the limited 

success. 

 

The best solution available till now is Q-Tomography which 

give complete package for overburden compensation. 

Overburden compensation is partial solution and provides 

time and cost-effective solution. This technique estimates 

spatial relative wavelet distortions and applies surface 

consistent, frequency-dependent amplitude factors to 

compensate for the distortions. 

 

This paper describes a case study from North of Tapti Area 

where the main challenge is to improve the imaging below 

gas shadow zone. The time and cost-effective approach 

overburden compensation has significantly improved the 

imaging below gas zone.    

 

Introduction: 

 

Seismic data shows dimmed out or shadow zones due to 

presence of overburden. Due to presence of overburden very 

less amount of energy penetrate earth subsurface to reach the 

formations below. As a result, the structure below 

overburden becomes obscure. One of the ways to 

compensate this energy loss is by spectral balancing in a 

surface consistent way. This surface consistence overburden 

compensation process is a pre-migration process and require 

denoise and demultiple applied gathers as input. This is only 

a partial solution of the problem but many times serve the 

purpose especially when the problem is not severe. For a 

more complex geology and better result the Q tomography 

approach should be attempted. 

Several methods have been proposed to compensate seismic 

amplitude/wavelet distortion. Taner and Koehler (1981) 

presented a surface consistent formulation for near surface 

effects, and particularly used surface consistent amplitude 

correction to compensate the amplitude distortions. 

This method provides overall amplitude compensation only, 

and does not address the frequency dependent amplitude 

losses. Taner and Coburn (1980), Newman (1986), and 

Cambois (1990) used a surface consistent deconvolution 

(SCD) technique to estimate source and receiver term 

responses, and apply signature wavelet compensation to 

produce traces with consistent seismic wavelet. SCD can 

address the frequency loss but often over gains noise. 

Hargreaves and Calvert (1991) used inverse earth attenuation 

(Inverse Q) filtering techniques based on wave propagation 

concepts to model and compensate for absorption effects. 

However, this approach only addresses the absorption issue 

and no other overburden phenomena including transmission. 

 

In the current study Overburden compensation has been 

applied before regularization which is recommended practice 

and the data was processed up to final PSTM. The result of 

this process shows benefit in the shadow zone below the gas 

cloud zone. To get the best out of this process a multi 

window approach has also been used.  

 

Field of the study: 

 

Present study deals with new innovative and less expensive 

technique called Overburden compensation to get better 

imaging below gas cloud zone. A case study from offshore 

North Tapti Area is taken and comparison is made with 

conventional results Figure-1. 

 

 
Figure-1: Location map of the North of Tapti Area 
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Methodology: 

 

Overburden Compensation is a process that estimates spatial-

relative wavelet distortions and applies surface-consistent, 

frequency dependent compensation factors to “dim-out” 

zones caused by absorption/transmission losses in the 

overburden. 

This process includes 6 sub processes as below 

 

1. Surface Consistent Spectral Analysis 

2. Surface Consistence Spectral Decomposition 

3. QC decomposed spectra & reject “dim-out” 

Spectra 

4. Compute Target Wavelet from good zone data 

5. Design compensation operator 

6. Apply the operator on the data 

 

The details of each sub processes are described below 

 

1.Surface Consistent Spectral Analysis  

 

In this step the log power spectrum of each trace of the input 

data are generated. A suitable window is chosen and limited 

far offset data are used. In case of a dipping or rugose sea 

bed a hanging window is used where the window starts at 

some pseudo-event.  

Figure-2 shows stack section before migration affected by 

gas chimney, the events below gas zone is difficult to 

identify. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure-2: Stack section before migration affected by gas zone. 

 

2.Surface Consistence Spectral Decomposition 

 

The group of spectra created in the previous step are taken as 

an input and the whole area was decomposed into source, 

receiver and offset term. The decomposed source and 

receiver spectra will be used in this process and offset term 

will be kept undisturbed.  

 

It is recommended to apply a coarser surface grid to the data 

and resort it into 3D CMP ordered before decomposition. 

This will reduce the computation time. 

This step will produce an average power/ amplitude map for 

a specified frequency and help to demarcate the ‘dim-out’ 

zone. The frequency is to be chosen very carefully so that 

only the signals are recovered through this entire process.  

 

3.Compute Target Wavelet from good zone data 

 

After rejecting the shadow zone, a geometric mean is 

computed from the remaining spectra to estimate a common 

target spectrum for source and receiver separately Figure-

3(a), (b), (c) &(d). This target spectra are dependent on the 

rejection criteria of the previous step. Closer the rejected 

zone is to the washout area better the target wavelet.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure-3: a) The average amplitude map for Source term single 

window 
b) The average amplitude map for Source term after rejecting dimout 

zone  

c) The average amplitude map for Receiver term single window 
d) The average amplitude map for Receiver term after rejecting 

dimout zone  

 

4.Design compensation operator 

 

Now there is one Raw and Target spectra for each source and 

receiver term. A compensation operator is designed for each 

term Figure-4 (a)&(b) and 5(a) &(b). The trace spectra were 

decomposed in three terms namely Source, Receiver & 

Offset initially. Then all the intermediate steps were 

performed for Source and Receiver Terms only. While 

designing the final operator the offset terms was kept 

unaffected. 

 

Finally, the operator obtained is applied on the data to get a 

overburden compensated output step 5&6. 

 

Absorption effect 

• Loss of signal strength and 
bandwidth 

• Incorrect velocity analysis  
• Misleading AVO analysis 
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Figure-4: a) Raw spectra for each Source term 

 b) Raw spectra each Receiver term 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-5:  a) Target spectra for each Source term 

   b) Target spectra for each Receiver term 

 

Figure -4(a), (b) shows the Raw spectra for each Source 

and Receiver term and it is observed that how amplitude is 

varying in source and receiver components. 

Figure 5(a),(b) shows the Target spectra for both source 

and receiver components.  

 

 

 

 

 

 

 

 

 

 

 

 
Figure-6 (a) Stack Section before overburden compensation   
              (b) Stack Section after overburden compensation   

The results obtained using single window approach for 

overburden compensation is not giving optimum solution in 

gas shadow zone Figure -6 (a) and (b). 

It was observed on the current dataset that the overburden 

compensation is being static with respect to time and not 

giving a suitable result for the whole shadow zone.  

 

The flank part of the shadow zone is either suffering under-

compensation in the deep or over-compensation in the 

shallower part. This is due to the change in spatial extent of 

the effected zone with increase in time which we are trying 

to compensate using a single operator.  

 

Hence a multiple window Figure-7(a) and (b) approach was 

adopted and three windows were designed based on the input 

data. 

 

Figure-7: a) Stack showing the overlapping multi-windows  

b) Spectrum for three windows and corresponding 

dominant frequency. 
 

Then for each window the previously mentioned steps ie. 

From Spectral Decomposition to Operator Designing were 

repeated. 

 

The corresponding parameters for poor zone identification 

were also tested and fixed for each window separately 

Figure 8 &9. Finally, all the operators were applied in 

simultaneously at their respective time zone with required 

overlapping. This process brings significant change in the 

final result as compared to single window-based 

overburden compensation. 
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Figure-8: The average amplitude map for Source and Receiver 

before and after rejection of Dimout zone for three different 

windows 
 

 
 
Figure-9:  Raw and Target spectra for each Source Receiver term for 
three windows. 

 

Results and Discussions 

The results obtained using multi-window approach giving better 

results compared to single window as the frequency is varying with 

time and operator will be different for different window of analysis. 

Figure-10 shows the Migrated stack section with and without 

overburden compensation in inline and cross-line directions. Stack 

section after overburden application giving better image below gas 

affected area. 

Figure -11(a) shows the F-X plot i.e Frequency and trace plot 

shows the frequency loss below the gas affected zone and (b)shows 

the restoration of lost frequencies in the affected zone after 

overburden compensation. 

Figure -12 shows the Time slice with and without application of 

Overburden compensation. There is significant improvement in the 

gas affected zone. 

 

 

 

 

Figure-10:  PSTM stack section along Inline and Cross-line 
direction without and with application of overburden 

compensation with muti-window approach 

 

 

 

 

 

 

 

       

 
 

Figure-11: F-X plot in inline direction in gas affected area 

without and with Overburden Compensation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure -12-Time slice at 2000ms before and after  

application of overburden compensation 
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Figure-13: Migrated stack section along inline Direction comparison 

with Constant Q, variable Q and overburden compensation. 

 

Figure-13 shows the comparison of constant Q, Variable Q 

and Overburden Compensation along inline direction it is 

clearly visible that overburden compensation is giving better 

results compared to other methods. 

 

 

 

 

 

 

 

 

 

 
 
Figure-14: Migrated stack section along crossline Direction 

comparison with Constant Q, variable Q and overburden 

compensation 
 

Figure-14 shows the comparison of constant Q, Variable Q 

and Overburden Compensation along crossline direction it is 

clearly visible that overburden compensation is giving better 

results compared to other methods. 

 

Conclusion 

 

This case study gives the practical approach for using new 

and advanced processing technology “overburden 

compensation”. The technique helps to improve the imaging 

below Gas shadow zone. Constant Q and variable Q are 

tested in current study and it was observed that these 

techniques are not giving satisfactory results. 

It is clearly observed that overburden compensation produces 

a solution that better compensates for absorption and 

transmission losses. This method produces the desired 

laterally consistent, amplitude and frequency content. For a 

more complex geology and better result the Q tomography 

approach should be attempted. Overburden compensation is 

only a partial solution and work well in areas where the 

problem is not severe. However, overburden compensation 

method will work successfully in a large number of 

amplitude overburden challenge areas where previously 

constant Q and variable Q methods, or their combinations, 

have failed or have had limited success. 

 
N.B.: The views expressed here are those of the authors 

only and do not reflect the views of ONGC. 
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