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Introduction
The common persistently insidious internal multiple contamination of the AVO response in Western

Canadian seismic data, continues to seriously distort the application of AVO inversion, having very few if
any effective solutions (Figure 1).
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Figure 1, Western Canadian seismic line to log synthetic tie showing a strong internal multiple event in
the stack that does not tie the synthetic seismogram highlighted by the red box in the zone of interest.

Since most of our imaging techniques do not focus multiple energy properly the preferred method of
dealing with multiples is to eliminate them prior to imaging.

As summarized by many authors, there are several general classes of techniques to eliminate internal
multiples. Variants of the time-honored techniques of velocity and prediction filtering e.g. Radon, FK, tau-
p continue to be developed, although they generally struggle and fail to eliminate internal multiples
because the velocity separation between multiples and primaries is usually so small that removing the
multiple guarantees that the primary AVO amplitude is not preserved and hence distorted in ways that
cannot be resolved by subsequent AVO inversion.

The problem with interbed multiples having little to no moveout discrimination relative to primaries,
means that Radon methods will fail. It is also easy to demonstrate that Predictive Deconvolution cannot
remove interbeds, and in order for model methods to work you usually have to be able to define the
multiple generators (easy when one is the surface hence SRME), but often impossible when they are in
the subsurface as interbeds.



So, industry has turned to wave equation based (WEB) techniques that are either data driven, or model
driven, which include “feedback” type methods and the Inverse Scattering Series.

This talk will present a synthetic modelling and real data example of a new WEB solution to solve coal
generated land internal multiple contamination generated by thin high impedance contrast coal layers on
the seismic AVO response.

Method: Tau-p inversion

Gapped seismic deconvolution in the tau-p domain can be a useful method to suppress sea surface and
sea floor related multiples but fails to remove interbed related multiples. The method also has some basic
inherent issues:

1) Only one upper and lower multiple generating interfaces are accounted for in each step resulting in
spurious events in the output.

2) The localization of the multiple generating interfaces (the periodicity) should be approximately known
a priori.

3) The operator is by design linear resulting in non-optimal amplitude preservation in the output.

One solution to these issues is to replace the linear deconvolution operator with a non-linear inversion
that fits measured and synthetic seismic in the tau-p domain using the 1D wave equation as the forward
modelling operator. The method for solving the 1D wave equation in the tau-p domain should be both
accurate and relatively fast with respect to both synthetic seismic and gradients of synthetic seismic.
The Kennett 1983 method is accurate and relatively fast with respect to synthetic seismic, and multiples
of all orders are automatically included in the response without any additional computational burden or
loss of accuracy. However, it is not obvious how to efficiently compute gradients using the Kennett
method. This is the main reason to use the lesser-known Direct Global Matrix method that retains all the
good features of the Kennett method in addition to being more flexible, but where the gradients
canalso be computed efficiently using the adjoint state method similar to 3D FWI. The main
methodological difference between the two methods is that the Kennett method is recursive whereas the
Direct Global Matrix method applies sparse matrix Gaussian elimination. Both methods have many useful
features in common such as easy separation into downgoing and upgoing waves, P and S waves, different
particle motion response, attenuation, velocity dispersion and surface/subsurface full wave computation.
Tau-p inversion allows for both direct (one step) and indirect (two step) inversion workflows. Direct tau-
p inversion computes interface or layer elastic properties (e.g. acoustic impedance, shear impedance, and
density) utilizing a full tau-p gather (multiple p values). Indirect tau-p inversion computes multiple free (in
practice multiple suppressed) reflectivity as a function of p, optionally followed by ordinary simultaneous
AVO inversion resulting in interface or layer elastic properties. Indirect tau-p inversion can be seen as an
alternative to gapped deconvolution in the usual seismic workflow whereas direct tau-p inversion
is a more comprehensive approach, that breaks with the usual seismic workflow. Direct tau-p inversion
will usually utilize the full complex valued and non-symmetric Zoeppritz equations as the single reflector
model whereas the indirect tau-p inversion will utilize some real valued and symmetric approximate
linearized single reflector model. Additionally, an arbitrary choice of a reflector model is a

feature of the Direct Global Matrix method as opposed to the Kennett method.

Both direct and indirect tau-p inversion exist in three variants: P seismic only modelled without mode
conversions, P seismic only modelled with mode conversions, both P and S seismic modelled with mode
conversions. Furthermore, excluding mode conversions is a useful additional feature of the Direct Global
Matrix method as opposed to the Kennett method.



Synthetic test results: Proof of concept.

A simple synthetic model of a single layer (figure 2) was generated to test the ability of the Direct Global
Matrix tau-p method to remove very short period multiple interference generated by the upper and
lower interfaces of the input synthetic model.

Figure 2, shows the input single layer model without multiple contamination with Al, Vp/Vs and Rho log
vs. inversion result panels and AVO inversion overlays (red track is log, blue track is inversion). Figure 3,
shows the internal multiple contaminated model where the short period multiple is generated from the
layer itself. The result of applying the Direct Global Matrix tau-p method is shown in figure 4.
Comparing figure 4, to figure 3, shows that the tau-p method has successfully removed the internal
multiple contamination for Al and to a lesser extent Vp/Vs, while the inversion for Rho is still affected by
the multiple interference.
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Figure 2: A single layer model with Al, Vp/Vs and Rho log vs. inversion result panels and AVO inversion
overlays (red track is log, blue track is inversion)

Taup inversion study
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Figure 3: Short period multiple contaminated single layer model. (Al, Vp/Vs and Rho log vs. inversion
result panels and AVO inversion overlays-red track is log, blue track is inversion)
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Figure 4: Result of applying Direct Global Matrix tau-p method to remove the short period multiple
contamination of a single layer model. (Al, Vp/Vs and Rho log vs. inversion result panels and AVO
inversion overlays- red track is log, blue track is inversion)
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