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SUMMMAR'Y

A shot-pro le migrationalgorithmis modi ed to imagemultiple
re ections attheir correctlocationin the subsuréce. This method
replacesheimpulsive sourcewith anarealsourcemadeof recorded
primariesandmultiples. In addition,the extrapolatedwvave eld at
thereceversconsistsof recordedmultiplesonly which have been
previously separatedrom the primaries.Migration resultswith 2-
D syntheticand eld dataprove thatthemigrationof multiplescan
bring valuablestructuralinformation of the earthwith or without
separation.

INTRODUCTION

Seismicmigrationaimsto move recordedseismicwave eld atthe
surfacebackinto theearthatthere ector locationfrom which they
have originated.Multiple re ections, which arealsorecordedare
usuallynotaccountedor in themigrationprocessThereforeasa
prerequisiteo ary correctimagingof the subsurbce,multiplesare
traditionallyattenuateqGuittonetal., 2001).

In thispaper| try to treatthemultipleslik e signalratherthannoise.
My goalis to shav thatmultiplescanbe easilyimagedwith acon-
ventionalshot-pro le migrationalgorithm (Jacobs1982; Rickett,
2001).This migrationis carriedoutin the (! ,x) domain.l will as-
sesdf the migrationof multiple re ectionsaddsary type of struc-
turalinformationandif it canincreasehe signal-noiseatio of the
nal image.

In the rst section,| review theoreticalaspectof shot-pro le mi-
grationandexpandits conceptgo imagemultiples. In the second
part,| shav migrationresultswith 2-D syntheticand eld data.In
thelastsection| discusgpracticalaspect®f multiple migration.

THEORY OF REFLECTOR MAPPING WITH SHOT-
PROFILE MIGRATION

In this section,| review basicprinciplesof earthimagingas pio-
neeredby Claerbout(1971). Thenl| generalizeheseprinciplesto
re ector mappingwith multiple re ections with a shot-pro le mi-
grationalgorithm.

Imaging of primaries

Shot-pro le migrationaimsto produceanimageof the subsuréace
by extrapolatingboth the sourceand recever wave elds into the
interior of theearth. Theimagingcondition(Claerbout1971)con-
sistsof crosscorrelatinghetwo wave elds ateachdepth-stepRe-
ectors areformedwherethe two wave elds correlate. Figure 1
illustratesthis principle.

In generakhot-pro le migrationis performedn the (! ,x) domain
onefrequeny at a time andoneshotat atime. The nal image
is formed by addingall the different contritutions of every shot
together

Imaging of multiples

A similar machinerycanbe effectively usedto imagemultiplesat
their correctlocationin the subsuréce. | keepthe sameimaging
principle as developedby Claerbout. The differencesstemfrom
thechoiceof up-anddown-goingwave elds | extrapolate.

Figure2 illustratesthe basicideabehindthe migrationof the mul-
tiples. In Figure2a,a wave eld generatedt S is recordedat the
recever R,. There ector locationr, is imagedby extrapolating
boththeprimarywave eld recordedat R, andthesourcewave eld

at S simultaneouslyn the subsuréceandby crosscorrelatinghem
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Figure 1: The up-goingwave eld is recordedeverywhereat the
recever locations(shavn astriangles).Thedown-goingwave eld
is emittedat the sourcelocationin the centerof the survey (shavn
asa star). At earthlocationP1, the two extrapolatedwave elds
do not crosscorrelatbecausehe down-goingwave eld arrivesat
amuchearliertime thantheup-goingwave eld. At earthlocation
P2,which s there ector depth,the two wave elds crosscorrelate
andanimageis formed.Adaptedfrom Claerbout(1971).

ateachdepthstep.

Similarly in Figure 2b, a multiple recordedat Ry canbe usedto
imagethe re ector locationry, if we usethe primary wave eld
recordedattherecever Ry asa sourcefunction. Hencea multiple
re ection recordedatary receverlocationcanbeusedo imagethe
subsuraceif aprimaryis utilizedasasource.Theimpulsive source
becomesnareal-shotecord.In theory ary orderof multiplescan
be properlyimagedif their correspondingourcepathexistsin the
down-goingwave eld. Hence rst ordermultiplesneedprimaries
assourcessecondorder multiplesneed rst ordermultiples,and
soon.

Notethatthe sourcefunctionneedso betime-reversedbeforethe
extrapolation. This is donein the (! ,x) domainby computingthe
comple conjugateof the sourcewave eld.

A similar approacthasbeenpresentedby BerkhoutandVerschuur
(1994)usingthe so-called'WRW” model. Notice thatsofar, this

approactworksfor surface-relatednultiplesonly but couldbeeas-
ily extendedo internal-multiplemigration.
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Figure2: lllustrationof thebasicideaof re ector mappingwith (a)
primariesand(b) multiples.In (a) the primaryimageshere ector
locationry andthesources impulsive. In (b) themultiple helpsto
imagethere ector locationr, andthesourceis aprimaryrecorded
atRy.

A SYNTHETIC DATA EXAMPLE

In this sectionl usea modi ed versionof the 2.5-D BP dataset
(Etgenand Regone,1998; Dellinger et al., 2000)to illustrate the
migration of multiples. This dataexample provesthat multiples
canprovide structuralinformationontheearth.
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The 2.5-DBP dataset

The syntheticdataset useconsistsof a modi ed versionof the
2.5-D BP velocity model. Figure 3 displaysthe velocity model.
Thedatawererecordedwith a split-spreadyeometry
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Figure3: Thevelocity modelusedto generatehe syntheticdata.

Migration of oneshotrecord

| illustratethe migrationof multipleswith oneshot. Therecorded
wave eld is the superpositiorof primariesandmultiples. The mi-
grationresultfor this shotlocationis shavn in Figure5a.

Figure 4 displaysthe sourcefunction andthe up-goingwave eld
for the migrationof multiples. As proposedn the precedingsec-
tion, the sourcefunctionis not impulsive but areal. The recorded
wave eld containsthe surface-relatednultiplesonly. The migra-
tion resultis shavn in Figure5b andcomparegavorably with the
outputof the migrationof primaries.

It is interestingto notethatthe waterbottomis illuminatedwith a
wider aperturevhenmultiplesareused.As illustratedin Figure2,
for agivenrecever Ry, the primaryilluminatesthere ector in ry
atacloserlocationto the sourcein Sthandoesthe multiplein ry,.
Therefore for one given shot,the multiplesmigratewith a wider
aperturebut with smallerangles.
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Figure 4: Shot-pro le migration of the multiples. Left: Areal
sourcefunction. Right: Recordednultiplesonly. Thesourcefunc-
tion is plottedupside-dan to representhe computationinvolved
by thetime-reversedprocess.

Migration of the survey
| now proceedto the nal imaging stepsof migrating every shot

recordand summingthem. Figures6a and6b shav the nal mi-
grationresultfor both primariesandmultiples. Thetwo nal im-
agesarequite similar althoughthe migrationof the primarieswith
theimpulsive sourceis crispierandlessnoisythanwith multiples.
Neverthelesghe migration of multiplesyields an accuratémage
of the earth. After closerinspectionjt seemghatthe anks of the
caryon in the middle above the salt domeis betterde ned with
themultiples. This rst resultis ratherencouragingandshavs that
multiplescanbe usedto imagetheearth.

A possibleshortcut for the migration of multiples

| seetwo fundamentabroblemswith the migrationof the multi-
ples. First, the nal imageis noisy, blurring preciousinformation
in someareas. Second multiples needto be extractedfrom the
data.

The needfor separatingnultiples might be quite dissuasie when
eld dataareimagedbecausé mightinvolve heary computations
and/oran earthmodelthat might not be known in adwance. Let
us considerfor a momentthat we do not wantto do the multiple
attenuatiorbut still wantto do someimagingwith multiples. This
goal requiresthat the recordeddatawith primariesand multiples
areusedfor bothup- anddown-goingwave elds. Now | compare
in Figure 7 the migrationresultswhenonly multiples (Figure 7a)
andmultiplesplusprimaries(Figure7b) areextrapolatedn theup-
goingwave eld. Themigrationof primariesandmultiplesyieldsa
noisyimagebut never-the-lessstructurallyinterpretable.

In the next sectionl migratemultiples for one 2-D line from the
Gulf of Mexico. It demonstratepotential strengthsand weak-
nesse®f the proposednethodfor multiple migration.

A 2-DFIELD DATA EXAMPLE

I illustrate the multiple migrationwith eld data. The datasets
a deep-vater suney with a shallov saltbody It hasbeeninten-
sively usedfor testingmultiple attenuatiortechniquegThe Lead-
ing Edge,Januany1999).Figure8 shavs thevelocity modelthatis
usedfor themigration(Gratwick,2001).
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Figure8: Velocity eld for the Gulf of Mexico 2-D line.

For this dataset! did not separatg@rimariesfrom multiplesasre-
quired by the theory As an approximatesolution, | decidedto
muteeverythingabove the rst surface-relatednultiple for the up-
goingwave eld. Thereforethe down-goingwave eld is madeof
the completeshotandthe up-goingwave eld is madeof the com-
pleteshotminusthe primariesabove the rst surface-relatedanul-
tiple.

Themigrationresultsaredisplayedin Figure9. FiguresQaand9b
shav themigrationresultsfor primariesandmultiplesrespectiely.

The two migrationsproducesimilar results. Despitethe approxi-
mationsmade the multiple migrationgivesa very accuratémage
of thesaltbodyandof thesediments.



Imaging of multiples

X (m) X (m)

12000 14000 18000 1800020000 22000 12000 14000 18000 1800020000 22000
| | | | | | | | | |

0002
1
0002

000y
000y

Ca) (b)

Figure5: Migration resultsfor the multiplesandprimaries.(a) Migration of the primaries.(b) Migration of themultiples.
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Figure6: Final migrationresults.(a) Migration of the primaries.(b) Migration of the multiples.
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Figure7: Migration results.(a) SameasFigure6b. (b) Imagingof multipleswith primariesandmultiplesin the up-goingwave eld.
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(b): Migration of multiples

Figure9: (a) Migration of the primaries.(b) Migration of the multiples. The two imagesarecomparableThe saltbodyis clearlyvisible in

themultiple migrationresult.

DISCUSSIONAND CONCLUSION

| have shovn that migrating multiples at their correctlocationis
possible. Resultswith a complex 2-D syntheticmodeland eld
dataexamplesprove that multiples can bring valuablestructural
information. Although very encouragingmultiple migrationhas
somelimitations.

First, we needto generatea multiple model with correctkine-
maticsand amplitudes. This can be quite a computationburden.
Nonethelessmultiple attenuationis a prerequisiteto ary imaging
step. Thus, insteadof trashingthesemultiples, we might simply
usethemfor migration. As anintermediatesolution,| proposeto
useboth primariesand multiplesin the up-goingwave eld. This
is acheapalternatve to the full multiple attenuatiorthatyieldsan
interpretablamageof the subsuréce.

Secondthe nal imageafter migrationof multiplesis morenoisy
thanthe migrationof primaries.We might be ableto decreas¢he
noiselevel by keepingstrongmultiple generatorenly in thedown-
goingwave eld, like thewaterbottom.

Last,we mightnotbeableto simply addthedifferentimagesn or-
dertoincreasehesignal-noiseatio. Whenprimariesaremigrated,
we usea syntheticsourcethatis notthetrue seismicsource When
multiplesaremigrated,the sourceis perfectlytakinginto account
becausave usetherecordedvave eld asasource.Henceadirect
addition of the migration resultsof primariesand multiples must
bedonewith care.
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