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SUMMARY

Multiple re ections are usually considered as noise and many
methods are developed to attenuate them. However, siyniiarl
primary re ections, multiple re ections are created by subface
re ectors and contain the re ectivity information. We cami
age multiples, regarding the primaries as the source. floadi
source-receiver migration assumes that the source is safuic-
tion. | generalize the source-receiver migration to anteaby
source, and apply it to the migration of multiple re ection#\
complex synthetic data is used to test the theory. Resudis gat
my multiple migration algorithm is effective for imagingethmul-
tiple contaminated data.

INTRODUCTION

Multiple re ections are traditionally regarded as noise att&nu-
ated (Verschuur and Berkhout, 1997; Guitton et al., 200lgwH
ever, some works have treated multiple re ections as sigmal
tried to image them. Reiter et al. (1991) image deep-watdr mu
tiples applying Kirchoff scheme. Sheng (2001) migrated timul
ples in CDP data applying crosscorrelogram migration. Beuk
and Verschuur (1994) and Guitton (2002) image the multipliéis
shot-pro le migration. Brown (2002) jointly image the praries
and multiples with least-square methods. In this paperesemt
source-receiver migration for multiples. | calculate pprimary
gather by cross-correlating primary with multiple at theface,
and run a traditional source-receiver migration algoritiwithout
any change on the pseudo-primary data to get the image.

Biondi (2002) derived the equivalence between shot-prarie
gration and source-receiver migration, given the assunptiat
the source is an impulse function, the image condition is<ro
correlation, and one-wave downward continuation methacsésd
for wave eld propagation. Shan and Zhang (2003) generdlize
the traditional source-receiver migration for arbitragusce, and
demonstrated the equivalence between shot-pro le migmasind
source-receiver migration. As a special case of genethtinarce-
receiver migration, multiple migration has a complicatedrse—
the primary re ection wave eld, so multiple migration is agd
numerical test for the equivalence between shot-pro leratign
and source-receiver migration.

In this paper, | review the theory of the generalized soueoeiver
migration and give the algorithm to create pseudo-primautg for
multiple migration. | present poststack and prestack pieltmi-
gration of a 2-D synthetic data, and compare the migratisnlte
with the migration of original data.

THEORY

Traditional source-receiver migration assumes that thecgds an
impulse function and the migration is based on the survekirgin
Source-receiver migration downward continues the CMP gathe
P(x,h,z!) into the subsurface by the Double Square Root equa-
tion
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wherex is midpoint, h is half offset,xs is the source pointg is
the receiver pointys D v(xs,z) andvy D v(x,2). It images by ex-
tracting the wave eld at zero subsurface off&dix,h D 0,z,! ) and
adding along all frequencies. In the generalized sourceirer
migration, instead of using CMP gather of the recorded data di
rectly, cross-correlation between souf@éxp,zD 0,! ,s) and re-

ceiverU(xy,zD 0,! ,s) wave elds at surface are extrapolated into
the media. Namely, the wave eld to be downward continuedhey t
Double Square Root equation is
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U(xy,zD0,! ,5)D(xp,zD 0,! ,s) (2)

wherex D (xy Cxp)=2,hD (xy Xxp)=2 ands means an areal
shot. When the source is an impulse function, the croseledion
between source and receiver wave elds is exactly the CMPeagath
of recorded data and the generalized source-receiver tioigral-
gorithm is exactly same as the traditional source-receivigra-
tion.

Source-receiver migration of multiple re ections is a sipécase
of generalized source-receiver migration, in which thecsewave-
eld is the primary re ection and the receiver wave eld isettor-
responding multiple re ection. The wave eld to be downwarah-
tinued is the cross-correlation between primary+multgole mul-
tiple. Since it behaves very similarly to a primary, | calpgeudo-
primary data. There are two steps for source-receiver ibgra
of multiples. First, pseudo-primary data are calculatectinss-
correlating the primary+multiple with multiple re ectisnat the
surface. Second, traditional source-receiver migrasanm on the
pseudo-primary data. Figure 1 illustrates the principleairce-
receiver migration of multiples. The phase of the tracexat) of
pseudo-primary data is exactly same as a trace, &) from CMP
gather of primary, if we would have put a sourcexat and a re-
ceiver atxy .

Figure 1: Left: Two traces in originally recorded data. Treeé at
Xp records the primary re ection travel timig of xs! R1! Xp.
The trace atxy records the multiple re ection travel timg C t>
of xs! Ry! Xp! Ry! xy. Right: The trace of pseudo-
primary data related to tracgy andxy. The trace atx,h) is the
cross-correlation between tragg and tracexy, wherex, h are
mid-point and half offset okp andxy respectively.

Zero-offset data is very important in amplitude work, busihever
recorded in real survey. we can get the zero-offset datesmetthe
pseudo-primary data very easily. In equation (2)xletD xp D x,
we can get the zero-offset surface dataset
X _
P(x,hD0,zD 0, )D U(x,zD0,! )D(x,zD 0,!).
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The zero-offset dataset from pseudo-primary data prowedeéin-
formation aboutzg re ectivity. Figure 2 illustrates the way to get
zero-offset surface dataset of pseudo-primary data. Theem-
formation of the zero-offset dataset of the pseudo-printta is
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Figure 2: Left: One trace in originally recorded data. Thecér
atx has two impulse. The rst one records the travel time of pri-
mary re ectiont;: xs! R;! x and the second one records the
travel time of multiple re ectiont: xs! Ri! x! Ry! x.
Right: Zero-offset dataset of pseudo-primary data. Theetia
the pseudo-primary data is the cross-correlation of theetia left
gure with itself. The traveltime of impulse in the trace isuble
traveltime between and Ry.

exactly same as the zero-offset gotten if we would have potiece
and receiver ax.

SYNTHETIC DATA EXAMPLE

In this section, | test my theory of multiple migration on adio
ed version of the 2.5-D Amoco dataset (Etgen and Regone8199
Dellinger et al., 2000), which was also used for shot-prarigra-
tion of multiple re ections (Guitton, 2002).

Figure 3 shows the velocity model of the Amoco dataset. Irsthe
vey, a 500 meters water layer is added and 32 shots are cainpute
with a split-spread geometry (Guitton, 2002).
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Figure 3: The velocity model for the synthetic data.

Pseudo-primary for multiple migration

Figure 1 and Figure 2 show the algorithm to create the pseudo-

primary data for multiple migration. | cross-correlate gramary+
multiple with multiple at surface and extract the zero-effdataset
and one shot dataset for comparison.

Figure 4 shows the zero-offset dataset from both origimaltyprded
dataset and pseudo-primary dataset.the zero-offsetelasagery
coarse, since only 32 shots are recorded in the originakdita
while the zero-offset dataset from pseudo-primary dat@iiou-
ous, since every trace in the originally recorded data camdreal
shot in pseudo-primary data. Nevertheless, as shown iré@u

the zero-offset dataset from pseudo-primary data is venylasi to
the originally recorded data.

Figure 5 displays the comparison between one shot fromnaigi
recorded data and from pseudo-primary data. Although teedis
primary shot is pretty noisy, it has similar structure toshet from
the original data.

Migration for zero-offset multiple re ections

It is interesting that cross-correlation between primanection
and multiple re ection can provide real zero-offset dataséich
can be processed by poststack migration. Figure 6 disptaydht-
stack migration of the zero-offset dataset of pseudo-pyndata.
The migration result is pretty noisy because only one offs¢d is
used while usually all offsets data are stacked after NMO st-po
stack migration. But we can still dig out the subsurfacecitne
from the image. We can get the top and bottom of the salt, aad th
at line below the salt.
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Figure 4: Zero offset dataset. Above: The zero offset datafse
originally recorded data. Below: The zero offset datasgiseudo-
primary data.

Source-receiver migration for multiple re ections

For comparison, | migrate the primaries with Fourier nitiéfek-
ence for the Double Square Root equation (Zhang and Shath),200
and the migration result is presented in Figure 7. There &eai
hyperbolas because the shots recorded are very sparseraitenig
the multiple re ection using both split-step method for theuble
Square Root equation (Popovici, 1996) and Fourier nitdedif
ence for the Double Square Root equation, in which the aeerag
velocity is used for reference velocity. The migration fesare
present in Figure 8 and Figure 9. The migration result of iplelt
(Figure 8,9)is similar to primary(Figure 7), although theration

of primary is sharper and less noisy.

It is not easy to separate the multiple from original data riacp
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Figure 5: One shot dataset at 16000m. Left: One shot datéset o

primary with multiples. Right: One shot dataset of pseudorary
data.

tice. And the separation costs a lot of computation timetebus

of cross-correlating the primary+multiple with multiplecross-
correlate the whole recorded data (primary+multiple) wittelf

and then run source-receiver migration. Figure 10 presbatmi-
gration result. The cross-correlation between primaryection
and primary re ection does add some noise to the image. We
can see the fake re ector, which is mainly caused by the eross
correlation between water bottom re ection and the re entbe-

low water bottom in primary. Nevertheless, the image isrinte
pretable.

The amplitude of primary re ection at different location cadif-

ferent time are different. So the multiple re ection havéfet-

ent amplitude source. It is important to do amplitude bataior

the pseudo-primary data before migration. | apply decartiar

(Claerbout, 1999) instead of cross-correlation at theaseridata,
namely the pseudo-primary data for source-receiver magratre
calculated by

U(xy,zD0,! ,5)D(xp,zD 0,! ,s)
D(xp,zD0,! ,)D(xp,zD0,! ,s)C 2’
4)
Figure 11 show the migration result while deconvolutiongedifor
creating pseudo-primary data. Besides the amplitude bialgnit
also has better resolution.
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CONCLUSIONS

I have shown the theory of source-receiver migration fortipia!
re ections, regarding the primaries as source. The 2-D derp
synthetic data test prove that multiples can be correctliggied
with the generalized source-receiver migration methodmadide
structural information of the subsurface.
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Figure 6: Poststack migration of zero_offset dataset.
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Figure 7: Migration result of originally recorded data.
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Figure 8: Imaging of multiples by split-step of DSR.
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Figure 9: Imaging of multiples by FFD of DSR.
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Figure 10: Migration of cross-correlation between pri-
mary+multiple and primary+multiple.
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Figure 11: Imaging of multiples after amplitude balance.



