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Improved AVA imaging in laterally varying media
Wim J.F: van Geloven* and C.P.A. Wapenaar, Delft Universftyrechnology

Summary

When a wave propagates through a bed of thin layers, its
reflection is accompanied kwavelet interference. These
interference effects are also dependent on the angn- of \
cidence of the wave. Due to the bandlimitation of the seis- * ‘
mic data, these interference effects cannot be removed.
However, by the application of a spatial bandlimitation
filter, these interference effects can be equalized. This
method was already tested for one-dimensiinhomo- !
geneous media. We give here an extension of this metRixd 1: Horizontally layered medium: Different angles ¢, same
to two- and three-dimensional inhomogeneous media. angular frequency w

Introduction

Amplitude-Versus-Angle (AVA) inversion is normally
done using Zoeppritz equations. However, it is well
known that the relation between the AVA-effects, present E

in seismic data, and the angle-dependent reflectivity be-

comes complicated, when the layer thicknesses become *
smaller than half the wavelength.n that case it is =
no longer justified to consider the individual reflecting
boundaries as being isolatedl]. Because of this, the
Zoeppritz equations predict different AVA-behaviour than

present in the seismic data. Fig. 2: Horizontally layered medium: Different angles &, same
vertical wavelength X,

To alleviate this problem Wapenaar et[2] introduced
an improved imaging procedure that equalizes correctly
for the apparent AVA-behavior. However, in that paper

only one-dimensional media were discussed. In this paper
we will give an outline of the extension of this method to ’
two- and three-dimensional inhomogeneous media. First

we will discuss the filter that will be applied to the down-
ward extrapolated data. Then we will describe how this
filter will be incorporated in the process of migration. In
this process we also bring into account the local dip of the

finely layered structure, given that some information about
this dip is known in advance. Fig. 3: Layered medium with a dip o.: Different angles ¢, same
wavelenght An

Apparent AVA effects due to fine-layering

The apparent AVA-effects due to fine-layering can be sub-

divided into propagation and reflection related effectthis picure two plane waves are shown that illuminate a
The propagation through a package of thin layers is &orizontally layered medium under two different angles.
companied with angle dependwavelet dispersion.This The circular frequencyw of the two waves is chosen the
has been extensively discussed in previous papers arggduite. We can see that the vertical wavele yttiffers

will not be further considered here. The reflection offar both waves. In other words, we can say that for dif-
package of thin layers is accompaniedwavelet inter- ferent illumination angles, the medium is observed by the
ference.This interference effect depends on the angle &g waves with different gauges. This implies that the in-
well. This can be explained with the aid of Figure 1. terference effects are different for distinct angles, which
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is the case for apparent AVA. To alleviate this problem,

we take plane waves with different frequencies in such a - TTTTTITTTTT
way that the vertical waveleng), stays constant, as can o
be seen in Figure 2. Furthermore, if the finely layered »r
medium has a dig (see Figure 3) we have to keep the 111131314 ’EE:EEEE“’E'
. . . PrPL 1
wavelength constant in a line perpendicular to the bound- s “TREREEEE 1" EEL 1113
aries of the medium. We will call this particular wave- 8% 1114 -..EEEEEE!” "»;"
length A,,, wheren stands for the normal direction, per- = 17 ;E”' 1133 EEL 11
pendicular to the layers. For a constant velocity medium “TEEEEEREE L 4 111144 ;Er
with velocity c, the circular frequenay and the normal “TREREEEEEEL 1 11 HLEEEL ,F;:‘
wavelengthh,, are related as, “TERERRERERLLEEITEREEEEE} LI
2 o 05 1 15 é 25 3 35 4
e P x10™
n=——— ), 6]
wcos(¢ —a) 0 T
101
where 11111111115
¢ =arccos( /1 — c2p?). () “’EEEEEEFEEEEEEE;EZEEE“;_
=97 41443 4 bE
In this equatiorp is the horizontal ray-parameter. In or- g_so— EEEREEEEELU;“' ' ’E,'.}
der to keep the normal wavelength equal, we have to keep  ~ «f (FFEE ' 1 {1 '}
the factor w co{¢ — a) constant. Therefore, in the down- 7o FRE L
ward extrapolated wavefield only that data is used, for sof d4;
which the normal wavelength can be kept equal. sof q
An illustration of this procedure can be found in Figure 4. B R

4 x10™
The upper frame of this figure depicts the result of a downg. 4: Upperframe: downward extrapolated data with constant
ward extrapolation in thp, w-domain with all frequenciestemporal bandwidth; lower frame: filtered data with constant
present. In the figurp = 0 corresponds t¢ = . In the spatial bandwidth
lower frame, only those frequencies (in the relevant seis-
mic frequency-band) are included, that have constant spa-
tial bandwidth. In other words, only that data is kept that
is located between two lines of const\,,: The objected
result is shown in Figure 5, where we have depicted two
AVA-curves of a cross-sectiomjthoutandwith the filter.
It will be clear that the apparent AVA effects have bre-n °

o 0.5 1 15 2 25 3 35 4

moved completely when the filter has been applied. In the —p

following section we will outline how this filter will be ap-Fig. 5: Example of an amplitude cross-section, without (dashed)
plied to two- and three-dimensional varying media.  and with(solid) filter applied. Since we consider a dencon-
trast the reflectivity is angle independent
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True amplitude angle-dependent migration

First we will describe the model, which is shown in Figure
6. At the target zone a finely layered structure is Iocateg* .

, ) omain as follows,
Above this structure we may have an arbitrary overburden.
Locally the structure may be viewed as a stack of parallel
layers, which is tilted with an angée. Note that thidim-
its the total thickness of the stack. The depth levels of the
layers may then locally be described by the function

P~ (xRr,xs,w) =

fQ W= (xr, x,w)R+(x, W)W *(x, xg, w)S(w)d3x, 4)

wherexg andxg denote the source and receicoor-

. . T _
Z(x, a, z) = —tan(Q) . X +z. 3) dinates, respectivel}V .(x, Xs, w) andW~ ( xg, X, w)

are the two- of three-dimensional propagatorsdown-

We model the reflection response in the space-frequegoyng andupgoing waves, which are mutually relateac:
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Fig. 6: Model of the subsurface, witta finely-layered medium at l m*
a depthz, ool
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cording to W=(xg, X, w) = W¥(x, xg,w). Finally, b s e

Rt (x, w) is the reflection operator; the N(") denotes
that it is a pseudo-differential operator. Its kernel reads

R*(xH, z; Xz, W), wherexy = (X, ). [}+ oot
Following the lines o[2] we now propose an extension to s s
a two- and three-dimensional imaging method. Suppose O

we know the result of a downward extrapolation to the
(tilted) depth levez’ that readsP~ (x g, 2'; Xy, 2/, w). Fig. 7: Exampleof a reflectivity section: (a) reference section,
After a Radon transform along the tilted “offset cdb) unfiltered migration result,(c) filtered migration result, (d)
ordinates” xg — x; at depth levely we obtain picked amplitude in a ban@df & 10 meters, () picked amplitudes
P‘(p, 2'; xl]{, Z,w), where p = (Pz,py), p. and at the exact location [(a) solid, (b) dotted, (c) dashed]

py being the ray-parameters in the x- and y-direction.

In analogy with the equations in the above mentioned

reference we write for the imaged reflection kernel in the

Radon domain L . Lo .
result of migration without and the result of migration with

(B*(p, 2 X)) = 2cos ?(P, Z' Xy) the spatial bandlimitation filter. It will be clear that reflec-
Te(Xy, 2) tion related apparent AVA-effects are equalized by the new
w2 (2)/ cos §(pozixy) P (p, 2%y, 2 w) method of filtering. Futhermore we can see from this ex-
§R] ( S(w) )dw,(S) ample that the image of the boundary is much better local-
ized. The results of Figure 7 have been obtained for a hori-
where zontally layered overburden. Similar results for a laterally

- . varying overburden will be discussed during the presenta-
cos §(p, 7 Xfy) =1/1 - &(x}y, )Ipl%. ©) fion.

21(z")/ cos &(p,ﬁxlﬁ)

For eachx)y, (Rt (p, 2 ;x';)) represents aangle- Conclusions
depenollent t:]eflecnvc;t}/ se.ctloln V\ﬂthom alrpia:ent A(;/AV\{e have discussed an extension to a method that compen-
as’sum)ng e_ me_ Iu.m IS focally pqra €l layered &htes for the reflection related AVA-effects. This method
(x4, 2'). The integration interval of equatior(5) replaces

! . . ) . was already proven, within the used modelling method,
the filter as discussed in the previous section. FurthFr- yp 9

. . : , or one-dimensional inhomogeneous media. In this paper,

more, note that in the equatia(§,6) the velocity medium . . .
. : we have given an outline how to develop this method fur-
is assumed locally homogeneous. At each imaged p%nt ; . .
o . . er for two- and three-dimensional inhomogeneous me-
(xy, 2') the velocity c is replaced by the local macrg.

o . Apart form this development, we plan to integrate this
model velocityé.

imaging method in a multidimensional migration scheme
As an example, Figure 7 shows the reflectivity sectiotimt accounts for the related propagation AVA-effects as
and corresponding AVA-curves of a reference section, thell.
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