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Short Note

Migration and modeling of seismic data affected by focusing-
effect AVO/AVA

loan Vlad

INTRODUCTION

Focusing-effect AVO or AVA is the phenomenon of velocity &rcabsorption lenses creating
substantial amplitude variations, but only small traveétianomalies (Kjartansson, 1979). The
patterns thus created can interfere significantly with AM caused by lithological contrasts
at the reflector. To render amplitude analysis feasiblesglpatterns need to be removed from
the image. I will use the acronym “FEAVO” to refer to focusiaffect AVO or AVA in general,
reserving “FEAVA’ only for specific references to the angtathin. These terms refers only
to amplitudes focusing through heterogeneities smaler the Fresnel zone, as formalized by
Spetzler et al. (2004), and which do not cause energy to béyosending it outside the finite
spatial extent of the seismic survey (i.e., “illuminatioiplems”). Focusing can be positive
(usual meaning of term) or negative (i.e., in the case of igbiem).

Vlad and Biondi (2002), Vlad (2002), Vlad et al. (2003) an&¥(2004) have conjectured
that the key to removing FEAVO is creating an accurate vejaubdel that contains the lenses
which cause the focusing, then performing one-way waveégtcapolation migration with
this velocity model. | will present a qualitative proof oigtstatement. | will also analyze the
peculiarities of modeling FEAVO effects with one-way or tway wavefield extrapolation
algorithms.

MIGRATING FEAVO-AFFECTED DATA

I will use in my heuristic a constant background velocity mbdith a FEAVO-causing het-
erogeneity and a single horizontal reflector of reflectiatye. Since the small size of the
heterogeneity localizes the effects it produces, it makassiple to indicate only the presence
of focusing in a binary fashion (yes/no). The heterogenesaty be thought of either causing
absorption or lens-like focusing by a small amount.

The presence of focusing will be reported to the appropriatpoint not to the receiver
location. This is done because the midpoint coordinatetfsogonal to the offset coordinate
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in the prestack data space.

The figures below feature straight rays which may seem toateiconstant velocity. How-
ever, this takes place only for ease of drawing; the reagottiat follows does not require
constant velocity. | will also consider a single signed efffs The mental experiments to be
performed below will be identical both for any other offsatldor the prestack dataset taken
together.

Figures 1 and 2 show a seismic experiment decomposed intséparate steps. In the
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first step (Figure 1), the wavefield propagates from the ssutc the reflector. Only a sin-
gle midpoint local area is affected by focusing. In the selcstep (Figure 2), the wavefield
propagates to the surface. Already existing focusing isgrked, and a new pass through the
heterogeneity causes a second focusing area to appear.odusng areas detected by the
receivers at the surface are reported at the appropriatpamits (not receiver locations) in
the upper graph. The two midpoint local areas in which faoyi$s present are located at the
intersection of the two arms of a midpoint-offset “Kjartaos V” (Kjartansson, 1979) with a
line of constant offset.
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At this point one could make the argument that migration dinden recovers amplitudes
at the reflector, and it cannot solve illumination problestseffect 1 in Figure 2 will not be
removed by migration, and one should instead try a reg@driraversion that will smooth out
small irregularities. Let us however examine more closdigthappens with the energy from
that offset when we do shot-profile migration using all shots

Downward continuation of the shots wavefields is properlycd®ed by Figure 1 and will
produce at the reflector, as expected, the same focusing estfexperiment. Downward con-
tinuing the receivers (Figure 3) with the correct velocish{ch includes both the background
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and the heterogeneity) eliminates focusing area 2, buetefncusing area 1 intact. What the
objection stated in the previous paragraph failed to tate@ascount, though, is the imaging
condition (Figure 4). The imaging condition, taken as a blaax, is not sensitive to the par-
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ticular values of either the shot wavefield or the receiverefiald, but to how close they are
to each other. If at one location they are identical (for itdsalized experiment we can use the
word “identical”), it reports a reflection there with a prdiilety (a.k.a. reflection coefficient)
of 1. In our case (Figure 4) the shot wavefield and the receresefield are identical in every
point, and therefore the uniform value of 1 for reflectivéyrecovered. Shot-profile migration
with all sources therefore completely eliminates FEAVQnirtine image if the correct velocity
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is provided. Survey-sinking migration, being mathemalycaquivalent to it (Biondi, 2003),
also eliminates FEAVO if the velocity is provided.

MODELING FEAVO-AFFECTED DATA

Itis not very straightforward why one-way wavefield extrigtion schemes would cause prob-
lems with modeling FEAVO, while they are fine for the adjoihheodeling, migration. There
are however differences. Some operations can be irrel@(gilithe information theory mean-
ing of the word) even if they have an adjoint. For example,sation of several values (“state
1”) into a single one (“state 2”) has the spreading of the ss@eadjoint. But a large quantity
of information (all the frequencies except the zero one)lstsvhen summing, and spreading
cannot recover that. State 2 simply has less informatiod (aore entropy) than state 1, and
anything we do to state 2 cannot reverse that (i.e. spreadilygecovers the zero frequency).
A related phenomenon happens during the imaging conditt-profile migration, in the
example previously described, has information on the sowavefield and receiver wavefield
before they are combined during the imaging condition. Téwe state (after the imaging con-
dition) has less information than the old one, and when ¢ryingo back, we cannot recover
lost informationwithout paying morén computational expenses. What errors were introduced
by the loss?

Exploding-reflector modeling with the one-way wave equata popular way of gener-
ating seismic data. At each depth level, the reflectivityigalare spread to all offsets, added
to the wavefield being upward propagated from below, themveingefield is marched upwards
to the next level. The fact that the wavefields travel alonly @nsingle propagation leg is
accounted for by halving the velocity, effectively muliipig the traveltimes by two. This
produces correct traveltimes, correct geometry of FEAV@epas (Kjartansson V’s), and the
FEAVO in the resulting data is eliminated by migration. Thielgem is that focusing, while
localized when compared to the size of the survey, is not arpicondition. Figure 5 shows
the details. If only pure absorption is involved, it would maatter whether the heterogeneity
lied closer to the beginning than to the end of the travel:patiplication of amplitudes by
an absorbtion factor is commutative. But if velocity is ayplas it is often the case, then the
microscale of the effects (assumed to be divergent in thed)guill look different if: (A) the
wavefront goes along legs 1 and most of 2 and then encouhtex®tocity anomaly, as in the
real experiment, or (B) it travels only along leg 2 in the nuiced experiment and the travel-
times are multiplied by two. The microcharacter of the FEA¥€cts will look different than
for real data. This is a second-order effect only, but it &.rét can be ignored if the scope
of the analysis is of a larger scale, but it can be importapairicularly amplitude-sensitive
processes, such as Wavefield-Extrapolation Migration afglcAnalysis, which inverts am-
plitude anomalies into velocity updates. There are only tases when the approximations
of one-way modeling are not a problem. The first is when thevaties are purely due to
absorption. The second case is when migrating the modetadith the correct velocity and
with an imaging algorithm close in accuracy (adjoint if pbss) to the one used in modeling.
In other cases, especially when studying the behavior o &E#Rself, this effect should be
taken into account. Two-pass one way or two-way wave equaitigorithms should be used
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for FEAVO modeling in such cases.

CONCLUSIONS

This paper presented a qualitative proof that focusingee#VO/AVA (FEAVO/FEAVA) can
be removed from the seismic image just by a single pass ofn@yewavefield extrapolation
migration. Modeling such data is more complicated. If justrect-velocity images of the
modeled data were needed, then the data could be modeledwetivay exploding-reflector
schemes. If data needed to be analyzed before migratiohimmorrect velocities were used
for migration, then modeling should be done with a two-wdyesuoe, or a two-pass, one-way
one.
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