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Summary 

 

Proper reservoir characterization requires information 

of rock properties, lithology and fluid and pre-stack 

seismic inversion provides these information. 

However, often quality of the available gathers is not 

suitable for carrying out these studies. Due to the 

residual NMO present in the gathers, misalignment of 

the events causes erroneous inversion results. This 

effect increases as the offset increases. Also, random 

noise present in the data affects the inversion results. 

Hence, to eliminate these effects from the data proper 

pre-conditioning is necessary for bringing out the 

desired elastic properties accurately from the seismic 

data. In this study, a work-flow has been designed by 

iteratively applying time-variant trim statics to 

eliminate the residual NMO effect and parabolic 

radon transform for removing the random noise from 

the gathers. Finally, an Inverse Q filter has been 

applied to the data in the pre-stack domain to make 

the frequency band of the pre-stack data comparable 

with the post-stack PSTM data. As the Quality 

Control process is very critical in the pre-stack 

seismic conditioning process, robust QC steps were 

considered to establish the reliability of the pre-

conditioning process applied on the pre-stack data. 

These pre-conditioning processes have resulted in 

accurate generation of elastic property volumes 

through pre-stack inversion and in-turn helped in 

characterizing the reservoir in a better way. 

 

Introduction 

 

Reservoir characterization requires proper estimation 

of fluid and lithology properties integrating seismic 

and well log data. These properties can be calculated 

from the of elastic log curves such as P-wave, Shear-

wave and density at the well locations. However 

characterizing the reservoir away from the well and 

in a 3D sense, seismic impedance inversion 

especially, pre-stack seismic inversion is necessary. 

Post-stack seismic inversion provides only P-

impedance whereas pre-stack inversion results in P-

impedance, S-impedance and density, and in-turn 

bring out lithology as well as fluid information of the 

reservoir. However, estimation of density from the 

pre-stack inversion requires availability of good 

quality data in the higher offset/angle ranges.  The 

combination of these 3D properties in the form of 

Vp/Vs ratio, Poisson’s ratio, Lambda-rho, Mu-rho 

etc. along with P-impedance helps in identifying 

hydrocarbon-filled reservoir sands and mapping their 

lateral distribution. Therefore, pre-stack inversion is 

an important and critical step in the reservoir 

characterization process. 

 

Nevertheless, pre-stack inversion requires good 

quality gathers for estimating reliable impedances 

and density properties. Hence, enhancing the quality 

of the pre-stack data is key to the pre-stack inversion 

process. One of the major factors that affects the data 

quality is misalignment of the events in time across 

the traces due to residual NMO and is more evident 

in the higher offsets. AVO theory that guides the pre-

stack inversion process assumes that the events being 

measured are flat. Hence, any measurable deviation 

from this assumption will affect the inversion results.  

Another important factor that affects the pre-stack 

data quality and inversion results is the presence of 

random noise in the data. A few authors (Zhang et al, 

2015; Singleton, 2009) have discussed the ways to 

tackle these problems and improve the pre-stack data 

quality. Schmidt et al. (2013) have discussed the 

necessity of seismic preconditioning process for 

impedance inversion and fracture analysis. 

 

In this study, we have considered a robust work-flow 

for pre-conditioning of the pre-stack data. Time-
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variant trim statics and parabolic radon transform 

were applied iteratively on the input pre-stack data 

for pre-conditioning purpose and finally an inverse Q 

filter was applied to compensate for the frequency 

loss due to absorption. This work-flow has helped in 

pre-conditioning the data effectively for pre-stack 

inversion process. 

 

Method 

 

Pre-stack inversion process requires good quality 

gathers for estimating reliable impedances and 

density properties from seismic data. In this study, 

the input gathers were contaminated by considerable 

noise and pre-stack inversion process was not be 

viable without significant improvement to the 

gathers. Hence, a rigorous conditioning process has 

been performed in this study. For proper pre-

conditioning of the pre-stack seismic data we have 

considered a robust work-flow to correct the 

misalignment of the reflectors in the mid to far 

offsets might have caused due to residual NMO and 

migration move-out. Time-variant trim statics was 

effectively applied for this purpose with the 

optimized parameters. Also, to eliminate the random 

noises present in the pre-stack data parabolic radon 

transform (Russell et al., 1990) was applied with the 

optimized parameters. The full work-flow for pre-

conditioning the pre-stack data is discussed below. 

First, a band-pass filter (5-10-60-70) was applied to 

the pre-stack data for the purpose of eliminating 

high-frequency noises after carefully observing the 

amplitude-frequency spectrum of the pre-stack data 

in the zone of interest. 

 

Then, an initial run of trim statics and parabolic 

radon transform was applied. Time-variant trim 

statics helped in flattening the mid to far offset events 

such a way that the time shift required to align a 

particular event does not affect the other events. This 

is a necessary step because AVO theory that guides 

the pre-stack inversion process assumes that the 

events being analyzed are flat. Parabolic radon 

transform was then applied to the data to eliminate 

random noises. The parameters such as Delta-T 

(move-out) etc. have been optimized in such a way 

that the signal is not degraded after noise elimination. 

The gathers appear to be considerably cleaner after 

the noise elimination. Another run of and time-

variant trim statics and parabolic radon transform 

were applied and further improvement was noticed. 

Finally, an inverse Q filter was applied was attempted 

in pre-stack domain to compensate for the frequency 

loss due to absorption. 

 

Quality Control process is very critical in the pre-

stack seismic conditioning process to make sure that 

after the conditioning process, the resultant pre-stack 

data does not contain undesired noise, preserve the 

coherent signals, enhances continuity of the pre-stack 

events and comply with the expected AVO gradient 

exhibited by the synthetic gathers. For this reason, 

robust QC steps were considered to establish the 

reliability of the pre-conditioning process applied on 

the pre-stack data and is discussed below. 

 

I. Difference sections before and after applying 

the parabolic radon transform were studied 

carefully so that no coherent signal is 

eliminated in this process. 

 

II. Synthetic gathers were generated using the 

well log curves and AVO gradient analysis 

was performed. AVO gradient curves of the 

input gathers, conditioned gathers and 

synthetic gathers were compared and 

confirmed that the conditioned gathers 

enhance the AVO gradient response compared 

to the input gathers. 

 

III. Authenticity of the seismic data also depends 

on how well a particular seismic data respond 

to the well-to-seismic tie process. The more 

the well-generated zero-offset synthetic 

matches with the seismic stack, the more 

reliable the seismic data is. The input gathers 

and conditioned gathers at different stages 

were stacked and well-to-seismic tie was 

performed at different wells to establish the 

enhancement and reliability of the conditioned 

pre-stack seismic. 

 

Results and analysis 

 

After applying a suitable bandpass filter on the pre-

stack data, an initial run of parabolic radon transform 

with milder parameters was applied to the pre-stack 

data to eliminate random noises. Figure 1 shows the 

input gathers while Figure 2 shows the conditioned 

gathers after initial run of trim statics and parabolic 
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radon transform. The gathers appear to be 

considerably cleaner and also consistency of the pre-

stack events is observed after the time alignment and 

noise elimination process. Figure 3 shows the gathers 

after applying another run of trim statics and 

parabolic radon. However there is not significant 

improvement observed after this run which implies 

that desired data enhancement and noise reduction 

was already achieved with the previous run of trim 

statics and parabolic radon transform. Figure 4 shows 

the gathers after the final run of trim statics and 

parabolic radon. Finally, an inverse Q filter was 

attempted in the pre-stack domain. Figure 4 shows 

the gathers after applying the inverse Q filter. It is 

observed that there is reasonable enhancement in the 

resolution of the data. 

 

QC steps are critical to validate the authenticity of 

any process. In this study three important QC steps 

were performed. Firstly, difference section before 

and after applying the parabolic radon transform (i.e., 

eliminated noise) were generated. Figure 5 shows this 

difference section before and after the initial run of 

parabolic radon transform. It is observed that the 

difference section does not contain any coherent 

event related to the signal. This authenticates that the 

noise elimination process undertaken did not affect 

the signal part from the pre-stack seismic. Secondly, 

as a further QC process, synthetic gathers were 

generated using the well log curves and AVO 

gradient analysis was performed. Figure 6 shows the 

comparison of the modelled synthetic gathers, input 

gathers and conditioned gathers and the 

corresponding AVO gradient curves at an event 

within the zone of interest at a well location. It 

noticed that there is a considerable enhancement in 

the quality of conditioned gathers compared to the 

improved gathers. Correlation of the gradient curve 

fitting improves from 21.2% to 77.1%. Moreover, 

AVO gradient curve of the conditioned gathers 

appears to be much closer to the modelled gathers 

compared to the input gathers. Figure 7 shows the 

comparison of the AVO gradient between the input 

gathers and conditioned gathers for another well. It is 

noticed that there is a considerable enhancement in 

the conditioned gathers and the correlation of the 

gradient curve fitting at an event within the zone of 

interest improves from 53.6% to 88.1%. Therefore 

conditioned gathers enhanced the AVO response and 

in-turn boost the reliability of the pre-stack inversion 

process. 

 

Thirdly, as further QC step, well-to-seismic 

correlation analysis was carried out using the cdp-

stack data from the conditioned gathers, which also 

depicts the enhancement in the conditioned gathers 

compared to the input gathers. Figure 8, 9 & 10 show 

well-to-seismic tie at a well location considering cdp-

stack from input gathers, conditioned gathers without 

inverse Q filter and after applying inverse Q filter. 

The correlation coefficient of 66.3% in the stack from 

input gathers improves to 74.3% (using the same 

correlation window) in the conditioned gathers 

without inverse Q filter and further improves to 83% 

(using the same correlation window) in the 

conditioned gathers after applying inverse Q filter. 

This analysis depicts that there has been a definite 

enhancement in the data quality through the pre-stack 

conditioning processes. 

 

The section of P-impedance, derived from pre-stack 

inversion using the conditioned gathers, is shown in 

Figure 11. Good match is observed in the zone of 

interest between the inverted P-impedance property 

and well log P-impedances (seismic frequency limit), 

overlain on the section. 

 

 
Figure 1:  Section of the input gathers. Yellow box shows the 

broad zone of interest. 
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Figure 2:  Section of the gathers after applying initial run of trim 

statics and parabolic radon transform. Yellow box shows the broad 

zone of interest. 

 

 

 
Figure 3:  Section of the gathers after applying 2nd run of trim 

statics and parabolic radon transform. Yellow box shows the broad 

zone of interest. 

 
 

Figure 4:  Section of the gathers after applying after applying 

Inverse Q filter in pre-stack domain. Yellow box shows the broad 
zone of interest. 

 

 
Figure 5: Difference section (i.e., eliminated noise) before and 

after applying parabolic radon transform.  
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Figure 6: Comparative analysis of AVO gradient for the modelled, 

input and conditioned gathers. 

 

 
Figure 7: Comparative analysis of AVO gradient for the input and 

conditioned gathers. 

 
Figure 8: well-to-seismic tie at a well location considering cdp-

stack from input gathers. Correlation coefficient of 64.3 % was 
achieved between synthetic and seismic. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: well-to-seismic tie at a well location considering cdp-

stack from conditioned gathers before Inverse Q filter. Correlation 

coefficient of 74.3 % was achieved between synthetic and seismic. 

 

 
Figure 10: Well-to-seismic tie at the same well location 

considering cdp-stack from conditioned gathers after applying 

Inverse Q filter. Correlation coefficient of 83 % was achieved 

between synthetic and seismic. 
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Figure 11: Section of P-impedance derived from pre-stack inversion, showing good match between well log & inverted P-impedance in the zone 

of interest. 

 

Conclusions 

 

To prepare the pre-stack seismic data for the purpose 

of pre-stack inversion process, a robust work-flow 

was performed which includes time-variant trim 

statics, parabolic radon transform applied iteratively 

and finally inverse Q filtering in the pre-stack 

domain. This work-flow has helped in eliminating the 

noises present in the data, time-aligning the pre-stack 

events effectively and enhancing the resolution of the 

pre-stack data. 

 

Robust QC steps were carried out to establish the 

reliability of the pre-conditioning process applied on 

the pre-stack seismic data. Difference section before 

and after the application of parabolic radon transform 

authenticated that the noise elimination process did 

not affect the signal part from the pre-stack seismic 

data. Moreover, AVO gradient analysis on the input, 

conditioned and modeled synthetic gathers was 

performed and depicted that the conditioning process 

has enhanced the AVO response of the pre-stack data 

and made it comparable to the modeled gathers. Also, 

well-to-seismic correlation analysis considering the 

stacks from input gathers and conditioned gathers 

depicts that there has been a definite enhancement in 

the data quality through the pre-stack conditioning 

processes. 

 

Impedance section derived from pre-stack inversion 

using the conditioned gathers show good match 

between the well log impedance and inverted 

impedance in the zone of interest. 
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