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Summary

The decompositionprocedurefor separatingmulticomponent
ocean-bottondatainto up- and dovngoing P- and S-wavesis
basedon a combinationof the pressurehorizontaland verti-
calvelocity componentsThis malesthedecompositioomethod
lesseasyto applyonfield data— difference$etweerthecompo-
nentsnot dueto the earthproperties(e.g. instrumentresponse,
couplingwith the sea-bottomhave to be compensatedor. In
additionthe mediumparametergust belov the sea-bottorrare
neededsinputfor the decompositionWithout a priori knowl-
edgeof at leastsomeof theseunknavnsit is a difficult taskto
arrive atacorrectdecompositiomesult.

By performingthedecompositiolin two steps-firstdecomposi-
tion into up- anddawngoingwavefields,thendecompositiorof
the up- anddowngoingwavefields,respectrely, into P- and S-
waves— the numberof unknavnsin eachstepis reduced.This
offers possibilitiesfor performingan elasticdecompositioron
field datawithoutary apriori knowvledgeof mediumparameters
or coupling. An adaptve decompositiorschemeapplicableto
field data,is presentedhere.

Introduction

In order to get elasticinformation aboutthe sub-sea-bottom,
ocean-bottontlatacanbe decomposethto up- anddowngoing
P-andconvertedS-waves([1],[4]). TheconvertedS-wavescan
thenbeseparatelyprocesse@e.g. migration,inversion)fromthe
P-waves.

Therearecertainconditionswhich the decomposedatahave to
satisfy namely

o forthedecompositiofjustabore thebottom,nosub-bottom
primariesshouldbe presenin the downgoing waves;

o for the decompositionjust belav the bottom, no direct
sourcewave and no water bottom multiples should be
presentn theupgoing P- andS-waves.

Thesequality conditionsare usedto searchfor the unknavn
mediumparameteraswell astheunknavn differencedetween
the componentge.g. dueto differentcoupling,instrumentre-
sponseegtc.).

Application of acoustic decomposition(just above the sea-
bottom) into up- and downgoing pressurefields to field data
is straightforvard andhasbeendemonstrategreviously in [2].
Theamounbf unknavnsto beevaluatedn theelasticdecompo-
sition (just below the sea-bottom)nalesits applicationto field
datamore problematic. As the quality conditionsfor the de-
compositiorresultsdo not distinguishbetweerP- and S-waves,

a decompositiorinto merely up- and downgoing waveswould
suffice. It turnsout thata decompositiorin two steps(first up-
/down separatiorand then P-/S separationyequiresless data
componentst the sametime, making it a more practicalpro-
cedurefor field data.

The operatorsderived for a two-stepdecompositiorin a land
acquisitionsetting([3]) will be rewritten for the ocean-bottom
case.Thenanadaptve decompositiorschemeapplicableto real
data, combiningthe one- and two-stepdecompositionsis ex-
plained.

One-step ver sustwo-step decomposition

In the following “decomposition”standsfor “elastic decompo-
sition just belowv the sea-bottom”.Somedecompositiomresults
will bedemonstratedith asyntheticdatasetTheocean-bottom
modelandthe syntheticdatathatwill beusedareshavn in Fig-
urel.
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Fig. 1: a) Model used to obtain 3-component synthetic data at the sea-
bottom (at 500 m depth). b) Pressure component. c) Horizontal velocity
component V. d) Vertical velocity component V.

The generalelationsbetweernthe two-way andone-way wave-
field vectorscanbewritten symbolicallyin the space-frequeryc
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domainas(seel4] for the operators)
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Here 7, (z) and V;(z) for i = =z,y,2 containthe discretized
two-way wave fieldsat depthlevel z in termsof stressaandveloc-
ity componentsd® (z), ¥*(z) andT*(z) containtheone-vay
wavefieldsin termsof donngoingandupgoingP- andS-waves.
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Fig. 2: One-step decomposition into up- and downgoing P- and S-waves
just below the sea-bottom. a) Downgoing P-waves. b) Downgoing S-
waves. ¢) Upgoing P-waves. d) Upgoing S-waves.
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At thesea-bottony = z; thesheasstressesanish,whereaghe
normalstresss equalto minusthe acousticpressurgust abose

thesea-bottomHence pne-steglecompositioris accomplished
by applyingequation(2) atz = z;, with

0
_#(2) = (ﬁ )
P(z1)

Theone-stemlecompositiomesultis shavn in Figure?2.

In the two-stepdecompositiorthe first decompositiorstepinto

up- anddowngoingfieldsis expressedn termsof stressesThis

choiceis arbitrary; otherwave field quantitiescould be chosen.
However, with this choicethe decompositioroperatorshave a
simpleform. Fromequation(1) we obtain
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or, uponsubstitutionof equation(2)

(CEe) = (e M () ©

M7 (#1)
wherethe partialdecompositioroperatoraredefinedas
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Forthesecondlecompositiorstepinto P-andS-wavesequation
(7) is merelyinverted,yielding
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Next, the operatordn thefirst stepof the two-stepdecomposi-
tion aregivenin the rayparametefrequeny domainfor a 2-D
situation. This decompositiorstepis given in more detail be-
causeit is especiallyimportantfor the adaptve decomposition
schemexplainedfurtheron. Fromequation8 we obtain
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or
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Note the simplestructureof equationg14) and(15): only two

data-componentare requiredsimultaneously Also note that

equation(15) hasthe sameform asthe acousticdecomposition
equation,apartfrom the factor 8 (this factor approache®ne

whencgs approachegero). Theresultof thedecompositionnto

up-anddowngoingstressess shavn in Figure3.
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Fig. 3: Two-step decomposition, step 1: decomposition into up- and
downgoing stresses a) Downgoing shear stress. b) Downgoing normal
stress. ¢) Upgoing shear stress. d) Upgoing normal stress.
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Energy analysis of decomposed result

The conditionthatthereis no direct (transmitted)sourcewave
in the upgoingwavefield belowv the sea-bottonprovidesa way
to find the sub-sea-bottomelocitiesanddensity The medium
parametergonstructa 3-D variablespace.The decomposition

canbe performedsomevherein this space.The enepy is cal-
culatedin a tight window aroundthe directarrival. The correct
parametergive aminimumenegy. An optimizationprocedure
shouldbe usedto find this minimum.

The minima of the decompositiorresultsinto up- and down-
going normal and shearstressesvere analyzedfor a synthetic
dataset.Figures4 and5 shav the minimafor the upgoingnor-
malandshearstressfieldén the 3-D parametespace.
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Fig. 4: Parameter-sensitivity in the output of step 1 of the two-step de-
composition. The sensitivity for 7, isexpressed by the amount of energy
in the direct source wave as a function of (a) P- and S-velocity, (b) P-
velocity and density and (c) S-velocity and density. As the energy was
calculated from the upgoing 7, ., minimal energy is expected where the
parameters are correct (i.e. ¢cp = 2100 m/s, ¢cg = 1400 m/s and
p = 2000 kg/m?).
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An adaptive decomposition scheme
Thetwo-stepdecompositiomow providesthe possibilityto ap-
ply anadaptve elasticdecomposition.No a priori knowvledge
of themediumparameterbelown the sea-bottonor the coupling
parameterss needed.This canbe accomplishedvith the fol-
lowing scheme:

1) Acoustic one-step decomposition above the sea-bottom
With P anda(w)V, componentsindthewaterparameters,
the unknavn couplingfilter a(w) of the verticalgeophone
canbe found. The usedcriterion is that thereshouldbe
no sub-bottonprimariesin thedowvngoingwavefieldabore
thebottom.

2) Elastic two-step decomposition below the sea-bottom
(step 1a)
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Fig. 5: Parameter-sensitivity in the output of step 1 of the two-step de-
composition. The sensitivity for 75, isexpressed by the amount of energy
in the direct source wave as a function of the medium parameters, (a),
(b) and (c) idem Figure 4.
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Separatiorinto up-anddowngoingr,;
—75 = 3P+ f(cp, cs,p)a(w) V%,

wheref(cp, cs, p) = 08/2qp.

The usedcriterionis thatthereshouldbe no directsource
wave in the upgoingwavefield belav the bottom. This is

a minimization problem. In otherwords, the parameters 4]

¢p, cs, p areestimatedat thosevalueswheretheenegy of
thefirst arrival is minimal in the upgoingwavefield belov
thebottom.Notethatb(w)V; is notneededn this step.
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Elastic two-step decomposition below the sea-bottom
(step 1b)
Separatiorinto up- anddovngoing 7, ;

_%z:g = if’ (CP7CS:p)P + f” (CP7CS7 p)b(w)Vm

Using the medium parametersestimated in step 2
plus the criterion of step2, the unknavn coupling filter
b(w) of the horizontalinline geophoneanbe estimated.
4) Elastic decomposition below the sea-bottom into P- and
S-waves
Now the elasticdecompositiorinto P- and S-wavescanbe

performedwith thevaluesof a(w), cp, cs, p andb(w) es-
timatedin stepsl,2and3.

Conclusions
Two approacheblave beenusedto decomposenulticomponent
ocean-bottondata. The one-stepdecompositiorfor multicom-
ponentocean-bottondataworks nicely on syntheticdata. It is
moredifficult to applyto field data,asin practicethe different
datacomponentsrenot well matched.Therefore,a decompo-
sitionin two steps- first up/davn thenP/Sseparation hasheen
introduced.
Thetwo-stepdecompositiorusegust two datacomponentsita
time, makingit easierto matchthem. An adaptve decomposi-
tion procedurghatcombineshe one-andtwo-stepdecomposi-
tion hasbeenproposed.n this procedureall unknavn parame-
ters,necessarfor performingadecompositioncanbeestimated
stepby step.
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