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SUMMMAR Y

A shot-pro�le migrationalgorithmis modi�ed to imagemultiple
re�ectionsat their correctlocationin thesubsurface.This method
replacestheimpulsivesourcewith anarealsourcemadeof recorded
primariesandmultiples. In addition,theextrapolatedwave�eld at
the receiversconsistsof recordedmultiplesonly which have been
previously separatedfrom theprimaries.Migration resultswith 2-
D syntheticand�eld dataprovethatthemigrationof multiplescan
bring valuablestructuralinformationof the earthwith or without
separation.

INTRODUCTION

Seismicmigrationaimsto move recordedseismicwave�eld at the
surfacebackinto theearthat there�ector locationfrom whichthey
have originated.Multiple re�ections,which arealsorecorded,are
usuallynot accountedfor in themigrationprocess.Therefore,asa
prerequisiteto any correctimagingof thesubsurface,multiplesare
traditionallyattenuated(Guittonet al., 2001).

In thispaper, I try to treatthemultipleslikesignalratherthannoise.
My goalis to show thatmultiplescanbeeasilyimagedwith acon-
ventionalshot-pro�le migrationalgorithm(Jacobs,1982;Rickett,
2001).This migrationis carriedout in the(! ,x) domain.I will as-
sessif themigrationof multiple re�ectionsaddsany typeof struc-
tural informationandif it canincreasethesignal-noiseratio of the
�nal image.

In the �rst section,I review theoreticalaspectsof shot-pro�le mi-
grationandexpandits conceptsto imagemultiples. In thesecond
part,I show migrationresultswith 2-D syntheticand�eld data.In
thelastsection,I discusspracticalaspectsof multiplemigration.

THEORY OF REFLECT OR MAPPING WITH SHOT-
PROFILE MIGRA TION

In this section,I review basicprinciplesof earthimagingaspio-
neeredby Claerbout(1971). ThenI generalizetheseprinciplesto
re�ector mappingwith multiple re�ectionswith a shot-pro�le mi-
grationalgorithm.

Imaging of primaries
Shot-pro�le migrationaimsto produceanimageof thesubsurface
by extrapolatingboth the sourceandreceiver wave�elds into the
interiorof theearth.Theimagingcondition(Claerbout,1971)con-
sistsof crosscorrelatingthetwo wave�elds at eachdepth-step.Re-
�ectors are formedwherethe two wave�elds correlate. Figure1
illustratesthisprinciple.

In generalshot-pro�le migrationis performedin the(! ,x) domain
onefrequency at a time andoneshotat a time. The �nal image
is formedby addingall the different contributions of every shot
together.

Imaging of multiples
A similar machinerycanbeeffectively usedto imagemultiplesat
their correctlocationin the subsurface. I keepthe sameimaging
principle asdevelopedby Claerbout. The differencesstemfrom
thechoiceof up-anddown-goingwave�elds I extrapolate.

Figure2 illustratesthebasicideabehindthemigrationof themul-
tiples. In Figure2a, a wave�eld generatedat S is recordedat the
receiver Rn. The re�ector locationra is imagedby extrapolating
boththeprimarywave�eld recordedat Rn andthesourcewave�eld
at Ssimultaneouslyin thesubsurfaceandby crosscorrelatingthem
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Figure1: The up-goingwave�eld is recordedeverywhereat the
receiver locations(shown astriangles).Thedown-goingwave�eld
is emittedat thesourcelocationin thecenterof thesurvey (shown
asa star). At earthlocationP1, the two extrapolatedwave�elds
do not crosscorrelatebecausethedown-goingwave�eld arrivesat
a muchearliertime thantheup-goingwave�eld. At earthlocation
P2,which is the re�ector depth,the two wave�elds crosscorrelate
andanimageis formed.Adaptedfrom Claerbout(1971).

at eachdepthstep.

Similarly in Figure2b, a multiple recordedat Rn canbe usedto
image the re�ector location rb if we use the primary wave�eld
recordedat thereceiver R1 asa sourcefunction. Hencea multiple
re�ection recordedatany receiver locationcanbeusedto imagethe
subsurfaceif aprimaryis utilizedasasource.Theimpulsivesource
becomesanareal-shotrecord.In theory, any orderof multiplescan
beproperlyimagedif their correspondingsourcepathexistsin the
down-goingwave�eld. Hence�rst ordermultiplesneedprimaries
assources,secondordermultiplesneed�rst ordermultiples,and
soon.

Notethat thesourcefunctionneedsto betime-reversedbeforethe
extrapolation.This is donein the (! ,x) domainby computingthe
complex conjugateof thesourcewave�eld.

A similarapproachhasbeenpresentedby BerkhoutandVerschuur
(1994)usingtheso-called“WRW” model. Notice thatso far, this
approachworksfor surface-relatedmultiplesonly but couldbeeas-
ily extendedto internal-multiplemigration.
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Figure2: Illustrationof thebasicideaof re�ector mappingwith (a)
primariesand(b) multiples.In (a) theprimaryimagesthere�ector
locationra andthesourceis impulsive. In (b) themultiplehelpsto
imagethere�ector locationrb andthesourceis aprimaryrecorded
at R1.

A SYNTHETIC DATA EXAMPLE

In this sectionI usea modi�ed versionof the 2.5-D BP dataset
(EtgenandRegone,1998;Dellinger et al., 2000)to illustrate the
migration of multiples. This dataexampleproves that multiples
canprovidestructuralinformationon theearth.
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The 2.5-DBP dataset
The syntheticdatasetI useconsistsof a modi�ed versionof the
2.5-D BP velocity model. Figure 3 displaysthe velocity model.
Thedatawererecordedwith a split-spreadgeometry.

Figure3: Thevelocitymodelusedto generatethesyntheticdata.

Migration of oneshot record
I illustratethemigrationof multipleswith oneshot.Therecorded
wave�eld is thesuperpositionof primariesandmultiples.Themi-
grationresultfor thisshotlocationis shown in Figure5a.

Figure4 displaysthe sourcefunction andthe up-goingwave�eld
for the migrationof multiples. As proposedin the precedingsec-
tion, thesourcefunction is not impulsive but areal. The recorded
wave�eld containsthe surface-relatedmultiplesonly. The migra-
tion resultis shown in Figure5b andcomparesfavorablywith the
outputof themigrationof primaries.

It is interestingto notethat thewater-bottomis illuminatedwith a
wider aperturewhenmultiplesareused.As illustratedin Figure2,
for a givenreceiver Rn, theprimary illuminatesthere�ector in ra
at a closerlocationto thesourcein S thandoesthemultiple in rb.
Therefore,for onegiven shot,the multiplesmigratewith a wider
aperturebut with smallerangles.

Figure 4: Shot-pro�le migration of the multiples. Left: Areal
sourcefunction.Right: Recordedmultiplesonly. Thesourcefunc-
tion is plottedupside-down to representthecomputationinvolved
by thetime-reversedprocess.

Migration of the survey
I now proceedto the �nal imagingstepsof migratingevery shot

recordandsummingthem. Figures6a and6b show the �nal mi-
grationresultfor bothprimariesandmultiples. The two �nal im-
agesarequitesimilar althoughthemigrationof theprimarieswith
theimpulsive sourceis crispierandlessnoisythanwith multiples.
Neverthelessthe migrationof multiplesyields an accurateimage
of theearth.After closerinspection,it seemsthatthe�anks of the
canyon in the middle above the salt domeis betterde�ned with
themultiples.This �rst resultis ratherencouragingandshowsthat
multiplescanbeusedto imagetheearth.

A possibleshortcut for the migration of multiples
I seetwo fundamentalproblemswith the migrationof the multi-
ples. First, the �nal imageis noisy, blurring preciousinformation
in someareas. Second,multiplesneedto be extractedfrom the
data.

Theneedfor separatingmultiplesmight bequitedissuasive when
�eld dataareimagedbecauseit might involveheavy computations
and/oran earthmodel that might not be known in advance. Let
us considerfor a momentthat we do not want to do the multiple
attenuationbut still want to do someimagingwith multiples.This
goal requiresthat the recordeddatawith primariesandmultiples
areusedfor bothup- anddown-goingwave�elds. Now I compare
in Figure7 the migrationresultswhenonly multiples(Figure7a)
andmultiplesplusprimaries(Figure7b)areextrapolatedin theup-
goingwave�eld. Themigrationof primariesandmultiplesyieldsa
noisyimagebut never-the-lessstructurallyinterpretable.

In the next sectionI migratemultiples for one2-D line from the
Gulf of Mexico. It demonstratespotential strengthsand weak-
nessesof theproposedmethodfor multiplemigration.

A 2-D FIELD DATA EXAMPLE

I illustrate the multiple migrationwith �eld data. The datasetis
a deep-watersurvey with a shallow salt body. It hasbeeninten-
sively usedfor testingmultiple attenuationtechniques(TheLead-
ing Edge,January1999).Figure8 showsthevelocitymodelthatis
usedfor themigration(Gratwick,2001).

Figure8: Velocity �eld for theGulf of Mexico 2-D line.

For this datasetI did not separateprimariesfrom multiplesasre-
quired by the theory. As an approximatesolution, I decidedto
muteeverythingabove the�rst surface-relatedmultiple for theup-
going wave�eld. Thereforethe down-goingwave�eld is madeof
thecompleteshotandtheup-goingwave�eld is madeof thecom-
pleteshotminustheprimariesabove the �rst surface-relatedmul-
tiple.

Themigrationresultsaredisplayedin Figure9. Figures9aand9b
show themigrationresultsfor primariesandmultiplesrespectively.
The two migrationsproducesimilar results. Despitethe approxi-
mationsmade,themultiple migrationgivesa very accurateimage
of thesaltbodyandof thesediments.
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Figure5: Migration resultsfor themultiplesandprimaries.(a)Migrationof theprimaries.(b) Migrationof themultiples.

Figure6: Final migrationresults.(a)Migrationof theprimaries.(b) Migration of themultiples.

Figure7: Migration results.(a)SameasFigure6b. (b) Imagingof multipleswith primariesandmultiplesin theup-goingwave�eld.
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Figure9: (a) Migration of theprimaries.(b) Migration of themultiples.Thetwo imagesarecomparable.Thesaltbodyis clearlyvisible in
themultiplemigrationresult.

DISCUSSIONAND CONCLUSION

I have shown that migratingmultiplesat their correctlocation is
possible. Resultswith a complex 2-D syntheticmodel and �eld
dataexamplesprove that multiples can bring valuablestructural
information. Although very encouraging,multiple migrationhas
somelimitations.

First, we needto generatea multiple model with correct kine-
maticsandamplitudes.This canbe quite a computationburden.
Nonetheless,multiple attenuationis a prerequisiteto any imaging
step. Thus, insteadof trashingthesemultiples,we might simply
usethemfor migration. As an intermediatesolution,I proposeto
useboth primariesandmultiplesin the up-goingwave�eld. This
is a cheapalternative to thefull multiple attenuationthatyieldsan
interpretableimageof thesubsurface.

Second,the �nal imageaftermigrationof multiplesis morenoisy
thanthemigrationof primaries.We might beableto decreasethe
noiselevel by keepingstrongmultiplegeneratorsonly in thedown-
goingwave�eld, like thewater-bottom.

Last,wemightnotbeableto simplyaddthedifferentimagesin or-
derto increasethesignal-noiseratio. Whenprimariesaremigrated,
weuseasyntheticsourcethatis not thetrueseismicsource.When
multiplesaremigrated,thesourceis perfectlytaking into account
becausewe usetherecordedwave�eld asa source.Hencea direct
additionof the migrationresultsof primariesandmultiplesmust
bedonewith care.
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