Vol. 6 Ne 4

Trans. Nonferrous Met. Soc. China Dec. 1996

WAVE FIELD EXTRAPOLATION IN
VISCOELASTIC MEDIUM AND VARIABLE FOCUS
METHOD TO SEPARATE SEISMIC COMPOUND WAVE"

Song Shougen, Yuan Xiugui, He Jishan
Institute of Applied Geophysics,
Central South University of Technology, Changsha 410083

ABSTRACT

from the three classical methods of wave field exirapolation in elastic medium was introduced. In addition, a

In viscoelastic medium, a new method for wave field extrapolation, which was very different

method for separating the compound wave response of two {or more) nearby reflectors through wave field ex-

trapolation was presented. It meaned that not only seismic migration to enhance lateral resolution, but also
. . . . . . . 1

separate seismic compound wave to enhance vertical resolution could be done. This paper in which the Born s

. . . . . . . . .
approximation was not needed, was motivated by Bleistein s lecture, but it was very different from his lin-

earization method.
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1 INTRODUCTION

Seismic waves propagate in an imperfect e
lastic medium, thus modeling this propagation
by a wave equation for a perfect elastic medium
cannot describe the practical physical processes
sufficiently and accurately for some applications.
For example, it may be difficult to obtain suffi-
cient high-resolution images from migration or
tomography for models bhased on the acoustic or
perfect elastic wave equation when there are two
nearby reflectors. More specifically, in travel-
time reflection tomography combined with wave
form inversion, it is first necessary to identify
arrival times of reflected waves on the seismic
trace. Then, the reflected waves are modeled,
based on the modeling wave equation in a back-
ground medium. The problem we will address
here is that the reflected wave produced by two
(or more) nearby reflectors forms a compound
reflected wave which may appear as a single dis
torted spike on the trace, we cannot discriminate
the two reflected waves from the trace.

On the other hand, trying to match the ap-
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parent single arrival time observed for this com-
pound wave leads to an unsatisfactory result
when it is interpreted as a single reflection
event. To remedy this problem, one must sepa
rate the compound wave. At present the primary
method of choice for doing this is deconvolution.
However, because of its imperfect bhasic theory,
there are two serious drawbacks to use deconvo-
lution for this purpose. The first is that the nec
essary conditions for deconvolution are not satis-
fied, for example, the seismic wavelet in decon
volution is time invariant; this leads to lack of fi-
delity and makes it difficult to distinguish true
reflectors from false reflectors. The second prob-
lem is that deconvolution is sensitive to noise.
Moreover, the viscosity of the earth medium
causes changes in the waveform and leads to dis-
tortions of the full waveform inversion based on a
nonviscose wave equation, and little is known
about the inversion for viscoelastic waves.

Here, based on the viscoelastic wave equa
tion, we present a new method for wave field
extrapolation, which was very different with the
three classical methods of wave field extrapola
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tion. By this method, we can not only do seis
mic migration to enhance lateral resolution, but
also separate seismic compound wave to ehn-
hance vertical resolution.

2 WAVE FIELD EXTRAPOLATION IN VIS
COELASTIC MEDIUM

We use Stokes equation, which was used by
Ricker to investigate the wave propagation in
viscoelastic medium.

The Stokes equation is
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pressed mathematically as follows:
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The total field is decomposed into an incr
dent and scattered field
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In which wi(x, x, ) is the solufion of the
follow ing equation:
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follow ing equation:
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Similarly as Bleistein et al/', by using

Green function, from Eqn. (3), one obtain
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In which, x, —receiver position, x, —source
position.

Eqn. (6) 1s a integral differential equation.
In Eqn. (6), a(x) that we seek and total field
u(x, x,, @ are all unknown function, accord-
ing to this, the Eqn. (6) is a nonlinear inverse
problem. Motivated by Bleistein s lecture, but

different with his linearization method, we take
2
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2 0
O(x, x5, @ = (1= @a) Vi{au)- —5(au)
o

(7)
and Eqn. (6) is reduced to
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We view here the integral Eqn. (8) as rep-
resenting a source image O(x, x,, ©) degraded
by a filter function, g(x, x,, ©), into a new
image u,(0, 0, ©).

for our analysis is the reconstruction source im-

The physical motivation

age from the degraded image. First, let s inverse
O(x, x5, © from Eqn. (8).
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If geophone is on the surface of earth and
x,= x,= 0, then from Eqn. (8) we obtain
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Similarly as Yang et al’?, set
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Wave field extrapolation and variable focus method <3

and
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in which, overhat means Fourler transform

respect with ¢ .

From Eqns. (9)~ (12), one obtain
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By wavelet theory, from Eqn. (13) we
know that
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We can easily check that O(x, 0, ©) in
Eqn. (15) satisfies integral Eqn. (9). In fact,

substituting O(x, 0, ©) in Eqn. (15) into the
right side of Eqn. (9), one obtains that the right
side of Eqn. (9) equals to
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= left side of Eqn. (9) .
Note that the term O(x, x,, ©) in Eqn. (8)
relates only to source position x, and does not re-
late to receiver position x, .

Put Eqn. (15) into Eqn. (8), for one dr
mension case and x;, = 0, one obtain
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in which, x, > 0.

Eqn. (16) means that one can calculate the
scatter wave field value under the surface,
u(xge, 0, ©, x,> 0, from the scatter wave
field value on the surface, u,(0, 0, ®) . Eqn.
(16) 1is the wave field extrapolation formula,

which has a clearer physical meanings than the
classical three methods for wave field extrapola
tion in elastic medium. The data were migrated
using the developed scheme bhased on Eqn. ( 16)
for wave extrapolation with compensation for ab-
sorption. Using this result will further improve
the resolution of the output.

3 RESOLUTION ENHANCEMENT

In this section, we describe a method for
resolution enhancement. This work is an out-
growth of the wave extrapolation Eqn. (16) de
scribed in previous section. We explain the
method with the aid of an example, shown in
Fig. 1. Fig. 1(a) and (b) show two reflection
events that have been transformed by the low-
pass filter effects of the underground medium.
Fig. 1(¢) depicts the compound wave represent-
ing the sum of these two events. We then per
form focus analysis of this compound wave ( that
means input different @y in Eqn. (9)) and seek
the value of the scaling variable that maximize
the peak amplitudes of the output. Fig. 1(d)
shows a norrmaximized output. Fig. 1(e) shows
the maximized output. It is easy to see that the
peaks of the original signal are far better resolved
in Fig. 1(e) than in Fig. 1(d) and are also better
resolved than in the input signal, in Fig. 1(¢).

The second example arises from a field data
set. Fig. 2 shows the migration output in elastic
a\

\// \\\//— (a)

- /N —
~ - (b)

Fig. | An example of peak separation

using focus method
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medium. The data comes from a survey in We hav d emo ted here a method for
northwest China. Fig. 3 is the output processed e field extrapo l vis l ic medium.
by the method described here. The resolution B d h 5 me h d h f h p p sed
can be seen to be much higher than in Fig. 2. In a metho d p eismic compound wave for
particular, note the region between 2875 ms and overcoming t h uation of waves due to vis
3040 ms. The reflec ngZh e hee (:01 ff ts. Th method has been checked
sharpened a d a h d we k reflec has e by numerical e mpl nd a field dat th gh
merge ed bet h em in F1 g 3. Th ture wave extrapol . This has h h
depicted in h l f g s lat f rmed not only d smic migra enhan l
by drilling. Ano h fea f h multiscale eral resol b also p compou d
p sed dat fF g 3 is a general improvement to enhance l l on. Th method f
h sign l- e ratio. wave e Xtrapolat h s paper ry different
ith the three clas lm h ds f extrap'
4 CONCLUSIONS olation. Our me h d is motivated by Bl
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Fig. 2 Field data example: migration output by classical method in elastic medium
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Fig. 3 Field data example of Fig. 2 after resolution enhancement using focus method

lecture (1992 in China), but is different with encouraging us to write this pp and has pro-
his linea tnmthd In this paper, the vided helpful suggestion in this arch project,
Born's pp ximation is not ne ddNttps itself. This project was upptdbythNgFf
naturely to combine th method in this paper Hunan Province, P.R.of China.
with the l city in on, which is very conve-
nient. This problem wi Hb discus d in another REFERENCES
paper.
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