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It is well known among the seismic data processing 
community that the demands of reservoir characterization 

are far more rigorous than those of structural interpretation. 
Further, the undesired prestack seismic phenomena that need 
to be diminished or removed prior to reservoir characterization 
are also well known. �e objective of this paper is to quantify 
the advantages of performing prestack data conditioning prior 
to reservoir characterization. �ree speci�c seismic properties 
that will be addressed are: (1) signal-to-noise ratio (SNR), (2) 
o�set-dependent frequency loss, and (3) gather alignment.

I have chosen a simple and straightforward method of 
testing the e�ects of data conditioning: inverting the original 
processed gathers as well as the conditioned gathers and mea-
suring the di�erence in intermediate products at each stage in 
the work�ow. Speci�cally, di�erences will be measured at four 
points: (1) the gathers input into the inversion, (2) wavelets 
extracted from the gathers, (3) inversion residuals, and (4) 
pay delineation.

Gather-conditioning methods
SNR enhancement. As pointed out in the TLE special section 
on seismic noise (March 2008), noise is that part of the seis-
mic signal not utilized by the application being considered, 
which in this case is prestack impedance inversion. In order 
to reduce this undesired component of the seismic signal, we 
assume that any �noise� remaining after conventional pro-
cessing is random. If this were not the case (for instance, if 
dipping coherent energy were present), dip or spatial �lters 
would need to be used prior to SNR enhancement.

To attack the random, uncorrelatable energy component, 
we use a process developed by Tury Taner called �3D edge 
preserving smoothing.� �is process works on 3D gathers by 
�rst separating the data into common-o�set volumes so as 
not to interfere with the AVO signature of the gather. �en 
dip scanning is performed in a running window on all traces 
surrounding the target trace to determine the dip with the 
greatest semblance. Once local dip is determined, correlation 
coe�cients of all surrounding traces are calculated along this 
local dip. Edge detection is performed by eliminating correla-
tions below a user-speci�ed amount, thus preserving discon-
tinuities such as faults. �e remaining trace samples are then 
summed in a Gaussian �lter after they have been normalized 
and weighted with their respective correlation coe�cients.

NMO stretch removal. �e object is to compensate for the 
loss of frequency with o�set caused by NMO stretch. One 
method of removing stretch is by the use of a cos  operator, 
since stretch depends solely on the cosine of the re�ection 
angle. Such methods seek to accurately calculate this angle, 
perhaps with migration operators.

Other researchers rely on a comparison between the near- 
and far-trace spectra to compensate for the loss of frequency 
with o�set (Lazaratos and Finn, 2004; Xu and Chopra, 2007). 
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Linear spectral operators are designed based on the amount of 
stretch at any time and o�set as compared to the near o�set.

�is method uses the latter principle. Gabor-Morlet joint 
time-frequency analysis (JTFA) is used to separate the fre-
quency spectra of each gather trace into a user-speci�ed num-
ber of sub-bands (Singleton et al., 2006). �e sub-bands are 
calculated using a running Gaussian-shaped window which 
gives a slowly varying amplitude pro�le of each sub-band. 
�en each sub-band spectrum is balanced against the cor-
responding sub-band of a user-speci�ed pilot trace within the 
gather.

�e primary advantages of this approach are: (1) the 
bandwidth of the gather at each time sample is determined 
by the pilot trace, and (2) the total energy contained in each 
re�ector is held constant by computing its energy envelope 
and requiring that the energy of all sub-bands (after scaling) 
sum to the original energy envelope amplitude. �is ensures 
that AVO character is not altered in this process.

Gather �attening. A basic assumption of AVO theory is 
that the re�ectors being measured are horizontal. Unfortu-
nately, this usually only happens with synthetic gathers. �e 
two basic approaches to ensure recorded seismic data con-
form to these assumptions might be termed �velocity-based� 
and �statics-based.� Velocity-based methods assume that non-
�at re�ectors are caused by residual NMO (RMO), and thus 
can be corrected by high-resolution estimation of the second- 
and fourth-order rms velocity �eld. Statics-based methods as-
sume local velocity perturbations in the seismic raypath cause 
random undulations in gather re�ectors. �ese cannot be re-
moved using an overall velocity �eld, so they are treated as 
static errors (Hinkley, 2004; Gulunay et al., 2007).

Our algorithm takes the �statics-based� approach. It 
minimizes a least-squares (L2 norm) error in a re�ector by 
determining a time-variant statics shift on each gather trace. 
Shifts are calculated in a running window, typically 50�200 
ms long, and are vertically smoothed to prevent jumps. �e 
�condition� that is minimized can be one of two choices�
semblance or AVO �t. Semblance is the most robust and is 
the one described in the articles referenced above. However, 
it is only applicable for AVO class I and class III anomalies. 
AVO class II phase rotations (especially those that are not 
full phase reversals) present a special problem that requires 
great care in addressing. For this case, we minimize the L2 
norm �t error in either a two-term (Shuey) or three-term (Aki 
and Richards) equation. �ese least-squares solutions are less 
stable but are required where AVO class II anomalies are pres-
ent or suspected.

Results
Data conditioning. �e seismic data set chosen for this ex-
ample is from the Norwegian Sea and has been reported on 
previously (Singleton, 2008). �e input gathers are in fairly 




