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Summary

By performinga wavefield decompositioron multicomponent
seismicocean-bottontata,the upgoingP- andS-wavesjust be-
low the ocean-bottontanbe obtained.After this step,surface-
relatedmultiplesthatarrive attherecever from above will have
beenremovedfrom thedata.However, all surface-relatednulti-
plesthatendwith areflectionfrom areflectorbelav the ocean-
bottom will still be presentin the decomposedipgoing data.
To remove theseremainingmultiples, the multiple elimination
methoddescribedoy (Verschuur1991; Verschuuret al., 1992)
is used. To apply the multiple removal methodto the decom-
poseddataset,the methodis extendedto accomodatencean-
bottom acquisitiongeometry(Verschuurand Neumann,1999;
Soellnerand Widmaiet 2000). The multiple removal method
canbe usedon ary ocean-bottonrecever type (i.e. pressure,
velocity, P-waves, S-waves). The relative importanceof addi-
tional multiple eliminationwill beillustratedwith exampleson
afield dataset.

Intr oduction

One approachto the processingof multicomponentmeasure-
mentsof the total elasticwave field is to first decomposehe
wavefield into one-way P- and S-wave fields (Wapenaaet al.,
1990; Amundsenand Reitan,1995). Application of wavefield
decompositiotio field datawasshavn by a.0. Osenetal. (1999)
and Schalkwijk et al. (1999). Becausen field dataissuesof
imperfectmeasurementandunknavn mediumparametergust
belav the ocean-bottonhave to be dealtwith, in Schalkwijk et
al. (1998) an adaptie decompositiorprocedurewvas proposed,
whereary unknavn quantitiesareestimatedrom thedataitself.
This adaptie decompositiorprocedurevassuccessfullytested
onseveralfield datasetsvith ocean-bottondepthsrangingfrom
120 metersto 1300meters.

After wavefield decompositionmost surface-relatednultiples
will have beenremoved from the upgoingwavefieldsjust be-
low the ocean-bottom. As the upgoing wavefield consistsof
all eventswith the last propagationpath coming up from be-
low, therearestill surface-relatednultiplesleft which have re-
flectedat the surface beforereflectingfrom belowv (Figure 1).
Theeventsin Figurelaarealsocalledsource-sidgey-legs. To
remove theseremainingsurface-relateanultiplesfrom thedata,
the multiple eliminationmethoddevelopedby Verschuuret al.
(1992)is used. As this methodis designedor dataacquisition
with both sourcesand recevers at the water surface (streamer
data),it hasto beadaptedo accomodat®cean-bottomacquisi-
tion geometry Multiple eliminationfor ocean-bottontdatahas
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Fig. 1: Examplesof eventsthat are “upgoing” at the receiver but still
contain a surfacereflection,(a) source-sidepeg-leg multiple and (b)
doublereflectecevent.
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also beendiscussedn lkelle (1999) and Verschuurand Neu-
mann(1999)for the situationwherestreamerdataare available
alongsideOBC data. The procedurediscussedhereis similar,

exceptthat in this casethe streamerdataare simulatedfrom

the OBC data. Field dataexamplesof multiple eliminationon

"undecomposed’OBC datahave beenshavn in Soellnerand
Widmaier (2000). In this work, the importanceof additional
multiple eliminationon afield dataexample(afterwavefieldde-
compositionof the datainto upgoingP- andS-wavesjust belav

thebottom)will beinvestigated.

Wavefield decompositionon ocean-bottomdata

The adaptve decompositionrscheme,as describedby Schalk-
wijk et al. (1999), consistsof five stagesandis repeatedbe-
low for conveniencgdecompositiorequationsarewrittenin the
rayparametefrequengy domainfor the 2-D situation):

Stagel. ‘Rotation’ of the velocity componentsin this first

stagethe V, measuremenis correctedfor an imperfectionin

the acquisitionthatis not addresseth the preprocessingorin

thedecomposition‘mechanicakross-coupling’yisible ascon-
vertedwavesrecordedntheV, componenthatcannotbefound

onthe P component.

Stage2. Acoustic decompositionjust above the bottom The
acousticdecompositioris usedto resole the calibrationfilter

A(w) betweenthe pressureand vertical velocity component,
causedby imperfect coupling of the geophoneto the ocean-
bottom:

1)
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wherego andgqo = \/cgz — p? arethe density and vertical
slovnesdn thewaterlayer, andp is thehorizontalrayparameter

Toresohe A(w), thecriterionthatthereshouldbenoprimaryre-
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flectionspresentn thedecomposedowvngoingwavefieldabove
thebottom(P™) is applied.

Stage3. Elastic decompositioninto 72 just below the bottom
Thenext stages anelasticdecompositiotbelowthebottom,into
up-anddowngoingnormalstressfields:
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whereg; andgp,1 = 1/c;’zl — p? arethe densityand verti-
cal P-wave slowvnessof the mediumjust belav the bottom,and
Br = c5,1[4p’qp,1q5,1 + (c5 1 —2p”)?]. Thistime theunknavn
factoris theoperatoiin front of V/,, asit depend®nthe medium
parametergust belav the bottom. To find the operatoy the ex-
pressioris replacedby a generalrayparametedependentilter
F(p):

~TE = S+ AW E@).. ®3)
Theconditionimposedon thedecompositiomesultis thatthere
shouldbe no directwave andwaterbottommultiplesin the up-
goingnormalstressfielelowthe bottom.

Stage4. Elastic decompositioninto 7. just below the bottom
The fourth decompositiorstageinvolvesthe P andV,, compo-
nents,makingit possibleto resole the calibrationfilter B(w)

betweerthem:

_E o g NP By 2Py
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wheregs, = (/¢ —p% m = c51[2qpgs1 — (¢35 —20°)]

and 3, asabove. Firstthe decompositioroperatorsare calcu-
latedwith the mediumparametergust belov the ocean-bottom,
before B(w) canbe obtained. An estimateof the mediumpa-
rametersvasobtainedby inverting the filter ﬁ‘(p) foundin the
previous stage. The conditionimposedon the decomposition
resultis thatthereshouldbe no directwave in the up- or dowvn-
goingshearstressfieldbelowthe bottom.
Stage5. Elastic decompositioninto ¢* and % In the last
stagethe estimatecgparametergust belov the ocean-bottonand
theresultsof the elasticdecompositiorinto up- anddowngoing
stressfieldsire simply combinedto obtainthe up- anddowngo-
ing P-andS-waves:
2
& = c;_;l{:F2PQS,1T£ — (cs1 —2°)T:EY, (5)

2
v = (j;—’ll{(cgﬁ — 2p") Ty, ¥ 2pqra T3} (6)
Thefirst threestagesf the adaptve decompositiorschemeare
readilyapplicableto multicomponenbcean-bottondata.When
the water depthis not too shallow, the windows in which the
enegy minimizationis performedare easierto determine. To
applystagegt and5, aninversionfor the mediumparamersgust

belav the ocean-bottonis necessary The mediumparameters
areinvertedfrom the least-squaresiiter F° (p) obtainedin stage
3 (Schalkwijk et al., 2000). The result of the decomposition
procedurdor theMahogany datasefor common-receier gather
1323is displayedn Figure3 (the middlegather).

Theory of multiple elimination for OBS data

After wavefield decompositiorthe OBS dataconsistof upgo-
ing P- andS-wavefields.A lot of surface-relateanultipleshave
beenremoved by the decompositionput eventsasin Figurel
remain. Theiterative versionof the multiple eliminationproce-
dureconsistof arepeate@pplicationof thefollowing two steps
(BerkhoutandVerschuur1997):

e Predictionof the“unscaled’multiplesby auto-corolution
of thedata:

M(20) = Pg (20)P " (20), )

wherezo denoteghewatersurface.

e Adaptive subtractionof the predictedmultiples from the
inputdata:

Pg (20) = P (20) — A(w)M(z0)- ®)
Thefunction A(w) containsthe averagefree-suricereflection
coeficientry andtheinversesourcesignatureS™" (w) :

A(w) =roS™ (), 9)

The matrix P~ (z0) is the multiple prediction operatorand
containsthe upgoing pressurewavefield at the free surface
(deghosteddata) for one frequeng and all sources. The ma-
trix Py (20) is theinputdata.In thefirstiterationP (zo) is the
deghosteddataitself (P~ (zo)).

In BerkhoutandVerschuu(1997)it is alsoshowvn thatthesame
multiple elimation procedurecan be appliedto a CFP gather
(on the sourceor recever side), usingthe original surfaceshot
recordsasthe multiple predictionoperator As the decomposed
OBC data can be consideredas a CFP gather using focus-
ing in detectionwith the focus point at the ocean-bottomap-
plication of multiple elimination when streamerdatais avail-
ableis straightforvard. When streamerdataare not available,
they can be simulatedfrom the OBC data. Using the output
of the acousticdecompositionof stage2 of the adaptve de-
compositiorschemgupgoingpressuravavefieldjust above the
ocean-bottompand extrapolatingthis to the surface, simulated
“receiver-ghostfree” streamerdataare obtained. The propaga-
tion operatotis easilyconstructedisingthewaterdepthandve-
locity. Equation(7) modifiesto

M~ (21, 20) = By (21, 20) W™ (20, 21)P 7 (27, 20), (10)

where z; is the depthof the ocean-bottomg; is just abore
the ocean-bottomand z; is just belov the ocean-bottom.

SEG Int'l Exposition and Annual Meeting * San Antonio, Texas * September 9-14, 2001



A decompositionand multiple removal strategy

The multiple prediction operatoris W™ (20, 21)P ™ (27, 20),
ﬁgT(z;L, z0) containsthe input datafor onefrequeng andall
shots,i.e. it correspond$o one(decomposed)ommon-receier
gatherjust below the bottom. The multiple elimination proce-
dureasit is appliedto OBC datais illustratedby Figure2. The
upgoingpressurewavefield just above the ocean-bottomis re-
sortedfrom common-receier gathersto common-shogathers
andthenextrapolatedto the surface. One-commorshotgather
of the simulatedstreamerdatais shavn in Figure2. To pre-
dict the multiplesthis shotgatheris convolved with a decom-
posedcommon-recefer gather This caneitherbe the upgoing

P-waves or the upgoingS-wavesjust belav the ocean-bottom.

The convolution resultsin curved events, with the apex at the
spatial position of the reflection point at the surface. These
multiple contritution eventsaresummedn thehorizontaldirec-
tion to obtainthe multiplesfor onesource-receer pair. If this
procedures repeatedor all common-shotecordsof the sim-
ulatedstreamemata,the multiple predictionfor one complete
common-receier gatheris obtained.
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common-receiver gather
(after decomposition)

multiples for
the filled
source-receiver pair

< >
< e

1
conyolgtion simulated streamer with common-receiver gather|
I

Fig. 2. Multiple eliminationfor OBSdata: the decomposedommon-
receivergatheris corvolvedwith theacousticdecompositiomesultafter
extrapolationto thewater surfaceto simulatestreamerdata.

Field data example

The dataexampleshavn hereto illustrate the multiple elimi-
nationprocedurecomesfrom the Mahogary datasetwhich was
acquiredin the Gulf of Mexico. The waterdepthat this partic-
ular locationis around120 meters.A wavefield decomposition
was performedon one OBC recever line consistingof 59 four
componentecevers. The shotline overlappedherecever line
on the surface and consistedof 401 shots. Both recever and
shotinterval was 25 meters. The wavefield decompositiorwas
donepercommon-receier gather To simulatestreamedatathe
acousticdecompositiorresult had to be sortedinto common-
shotgathers. Becauseof the limited numberof recevers, the
coveredaperturevaslimited.

In Figure3 thepressurelatafor common-receier gatherl323is
displayedon the left, the upgoingP-wave potentialafter wave-
field decompositiorjust belov the bottomis displayedin the
middle,andthe predictedmultiplesfor theupgoingP-wavesare
displayedon theright. A strongprimary reflectioncanbe seen
ataboutl.2 s zero-ofset, from which at leasttwo peg-leg mul-

time (s)

Fig. 3: Thefirst gatheris the pressue componengfter decowolution,
the secondgatheris the upoing P-wavepotentialjust belowthe ocean-
bottomobtainedafter elasticdecompositionand the third gathercon-
tains the predictedmultiplesfor the decomposedP-wavegather The
arrow pointsat a remainingsource-sidepegleg multiple
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tiplescanbe identified. After decompositiorthe multiplesaris-
ing from this strongprimaryarealreadystronglyattenuatedput
the source-sidepeg-leg multiple canstill be seen.This peg-leg
multiple is also predictedin the right gather Due to the lim-
ited aperturehe multiple cannotbe predictedcorrectlyover the
whole offset range. Especiallyon the right-handside thereis
almostno enegy presentn thepredictedmultiples.To improve
theseresultsmore OBC lines needto be taken into accountin
thepredictionprocess.

In Figure 4 the predictedmultiples have beensubtractedrom
the decomposedipgoingP-wave gather In thefirst gatherthe
datais displayedafter decompositioronly, the middle gather
displaysthe decomposedataafteradditionalmultiple elimina-
tion. The gatheron the right containsthe predictedmultiples.
Someattenuatiorof the peg-leg multiple at about1.35s zero-
offsetcanbe seenthoughthestrongespartof thepeg-leg is out
of rangeof theaperture At 0.8 s zero-ofsetis anothemultiple
thathasbeenremoved.

Conclusions

Multiple removal canbe appliedto OBC datain combination
with wavefield decompositionDecompositiorin its own needs
lessdataand removes the major part of surface-relatednulti-
ple enegy already The extra value of performinga wavefield
decompositioriesin the separatiorof P- andS-waves.

As source-sidgpegleg multiples are left in the decomposition
resultthatcanhave the samestrengthaswealer primariesmul-
tiple removal in combinatiorwith wavefield decompositiorcan
have additionalvaluefor furtherprocessing.Whethe S-velocity
just below the ocean-bottonis very low (P andS alreadysepa-
ratedon the vertical resp. horizontalvelocity componentsand
thereis enoughsourceandrecever coverage,a multiple elimi-
nationin its own would be sufiicient.
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Fig. 4: Thefirst gatheris the upoing P-wavepotential just belowthe
ocean-bottonobtainedafter elasticdecompositionthe secondgatheris
the upgoing P-wavepotential after additional surfacerelatedmultiple
elimination,andthethird gathercontainsthe predictedmultiplesagain,
that were subtractedfromthefirst gather Thearrowspoint at multiple
eventsthatwere remaoved.
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