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Summary. The recentlyintroducedcommon-reflection-suate (CRS) stacksimulatesa zero-ofset (ZO)
sectionfrom multi-coverageseismiaeflectiondatafor 2-D mediain adata-drvenway; i. e.,withoutexplicit
knowledgeof themacro-welocity model. The“best” stackingoperatoraredeterminedy anoptimizationof
the cohereng alongdifferentteststackingoperatorsn the multi-coveragedata.Previous implementations
determineonly one optimum stackingoperatorfor eachZO sampleto be simulated.Consequentlycon-
flicting dips arenot takeninto accountbut only the mostprominentevent contributesto a particularstack
sampleln thiswork, | shav how this limitation canbe overcome.

The pragmaticsearchstratgyy of the original CRS stackimplementatiornconsistsof threeone-parametric
searchstepsto determinethe stackingoperators.in the first step,an automaticCMP stack, conflicting
dips canhardly be considereecausdhe respectie stackingvelocitiesmight be quite similar. However,

| obsere that conflicting dips canstill be detectedand separatedn the subsequensearchstepsthat are
appliedto theresultof theautomaticCMP stack.

| proposean extensionof the pragmaticapproachto accountfor conflicting dips. For ZO samplesvhere
conflicting dips are detectedan additionalone-parametrisearchis required.This providesa setof three
kinematicwavefield attributesfor eachof the conflicting eventsandallows to simulatetheir interferencen
thesimulatedZO section.

Intr oduction. The CRS stack method(Muller, 1998, 1999) simulatesa ZO sectionby summingalong
stackingsurfacesin the multi-coveragedata. The stackingoperatoris an approximationof the kinematic
reflectionresponsef a curved interfacein alaterallyinhomogeneoumedium.Threekinematicattributes
associatedvith wavefrontsof two hypotheticaleigenvave experimentsarethe parametersf the stacking
operator Cohereng analysesalong variousteststackingoperatorsare performedfor eachparticularZO
sampleto be simulated.The stackingoperator(andits threeassociatedvavefield attributes)yielding the
highestcohereng is usedto performthe actualstack.

However, not only oneeventmight contritute to a particularZO sample but differenteventsmay intersect
at the consideredZO location. To properly simulatea ZO sectionundersuchconditions,it is no longer
sufiicient to consideronly one stackingoperatorfor eachZO sample but separatestackingoperatordor
eachcontrilbuting eventhave to be determinedThe final stackresultcanbe constructedasa superposition
of the contritutionsof all separatetackingoperators.

Pragmatic search strategy. To be ableto follow the pragmaticapproactof Mller (1998),let me briefly
review sometheoreticalaspectof the CRSstack:l considerthe hyperbolicsecondorderrepresentationf
the CRS stackingoperator(Schleicheret al., 1993; Tygel et al., 1997). Threeindependenparametersire
usedto accountfor thelocal propertiesof the subsuréceinterfacesthe angleof emegencea of thenormal
ray andthe two radii of cunatureRy, and Ry, associatedvith two hypotheticaleigenvave experiments
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(seege.g.,Mannetal., 1999).The stackingoperatorfor a point Py = (X,,t,) in theZO sectionreads
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wherethe half-offset betweensourceandrecever is denotedby h, and x,, denoteghe midpoint between
sourceandrecever. Theonly requiredmodelparameters the nearsurfacevelocity v,

The CRSstackbasicallyconsistsof a measuref the cohereng of the multi-coveragedataalongall opera-
torsgivenby Equation(1) for ary possiblecombinationof valuesof a, Ry, p, andRy, within aspecifiectest
range.

In principle,l have to determingheglobalmaximumanda setof local maximaof thecohereng measurén
thethree-parametriattribute domain.However, eventhe determinatiorof the globalmaximumturnsoutto
betootime consumingn athree-parametrisearchstratgy. Therefore| cannotexpectto beableto detect
additionallocal maximain this way.

Muller (1998) proposedto split the three-parametriprobleminto three one-parametricearchesnd an
optionalthree-parametritocal optimizationasdepictedn thefollowing simplifiedflowchart:

| multi-coveragedata|
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Thefirst searchstepof this pragmaticapproachis an automaticCMP stack.The searchparameteis the
stackingvelocity vy o Which canbewrittenin termsof the CRSwavefield attributesas
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Thenext two searctstepsareappliedto the CMP stacled section.Thesearclparameterarea andRy. The
formeris thenusedto calculateRy,p by meansof formula(2).

Conflicting dips. Thisthree-stetratgly hasto bemodifiedif conflictingdipsareto becorrectlytakeninto
accountUnfortunately in spiteof theangle-dependenad v,,,o, | cannotrely onthefirst stepto separate
eventswith differentemepgenceanglesbecausédhe associatedtackingvelocitiesmight be similar or even
identical.Furthermorethe signof theemegenceanglea cannotbe determinedy meansof Equation(2).
However, it is possibleto detecteventswith different emegenceanglesin the secondstepin the CMP
stacledsectionalthoughthesehave notbeencorrectlytakeninto accountby thepreceedingquutomaticCMP
stack.Thisis indicatedby Figurel: for agivenpointin the ZO sectionto be simulatecthe cohereng values
are plotted versusthe testedemegenceangles.l obsere threedistinct local maximawhich are potential
candidatesor conflictingdips.

Dueto theabore obsenrations,the three-ste@pproactcanbe easilyextendedsuchasto detectconflicting
eventswith differentemegenceangles.However, the calculationof Ry, from a andv,,qo accordingto
Equation(2) is no longerpossiblebecausein general] will detectmorethanoneangleof emegencebut
only onevaluefor the stackingvelocity vy,,o. Consequentlytheapproacthasto be adaptedo accountor
thisfact.An additionalsearchprocedurdor eachradiusof cur\,atureRg\il)IP correspondingo eachconflicting

dip a) becomesecessary
Unfortunately RS\RP canbedeterminecheitherin the CMP stacled sectionnor in theoriginal CMP gathers.

Accordingto the stackingoperator(1), R(I\HP hasno influencein the ZO section(h = 0), andin the CMP
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Figure 1: Cohereng measureplotted versusthe testedanglesof
emepgenceof the normalray. Distinct local maximacan be ob-
sened, althoughconflicting dips have not beenconsideredn the
preceedingtep.At theconsidere@O location two diffractionpat-
0.2 terns(ata ~ —3Q° anda =~ 25°, respectiely) andaweakreflection
event(ata =~ 12°) intersecteachother
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gather(xm = %), Rﬂ)lp anda() cannotbe separatedTo solve this problem,| proposeto performthe addi-
tional searchfor RS\PIP in anothersubsef the multi-coveragedata,namelyin the common-shot/common-
recever gatherwhereh? ~ (xm — X,)2. The simplifiedflowchartof this extendedstratey reads:

| multi-coveragedatd

| automaticCMP stack
| ZO section

searche$or a() and R,(\P
§ a® andr{)

searchor RS)IP in common-shot/common-reger gather

4 a®, RY ., andRy ()

‘ optionaloptimizationandstackin multi—co/eragedata‘

First results. Details of the resultsobtainedwith the extendedCRS stackfor marinedataare shavn in
Figure2. Themultitudeof resultingwavefield attribute sectionds far beyondthe scopeof this abstractthus
only thefinal stackresultandthe emegenceanglesectiondor thefirst two conflictingeventsareshavn.
Thesteepeventin the centerof thefiguresintersectseveral otherevents.At theintersectiorpoints,atleast
two differentstackingoperatorgandtheir associateavavefield attributes)have beendeterminedThis can
beenseerbestin Figure2b wherethedifferenceof theemegenceanglesor thefirst two conflictingevents
is depicted.

The outlined algorithm always determinesa discretenumberof conflicting eventsfor eachparticularzO
location.For this purposetheanglespectrgsimilarto theexampleshavn in Figurel) for eachZO location
areanalyzedapplyingusergivenabsoluteandrelative coherencehresholds.

Conclusions.The pragmaticapproachof Miller (1998)to performa ZO simulationby meansof the CRS
stackmethodcanbe adaptedo alsoaccountfor the conflictingdip problem.An additionalone-parametric
searchis requiredto resole ambiguitiesntroducedby differenteventscontrituting to oneandthe sameZO
sampleto be simulated Thefirst resultsillustratethe applicability of this approach.

In additionto the morerealisticsimulatedZO section the adaptedCRSstackstrategy providesthreekine-
matic wavefield attributesfor eachparticularevent, evenif it intersectsone or more otherevents.Subse-
guentapplicationsof thesewavefield attributes(e.g., aninversionof the macro-elocity model,calculation
of Fresnelzonesetc.) benefitfrom this fact, becaus@therwisethe wavefield attributesin the gapsbetween
“broken” eventsegmentswould have to beinterpolated.
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Figure2: Detailsof the CRSstackresults:a) optimizedCRS stacksection,c) andd) emegenceanglesof
thefirst andseconddetectedcontrituting events,b) differenceof theemegenceanglesshavn in ¢) andd).
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