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Summary. The recentlyintroducedcommon-reflection-surface(CRS)stacksimulatesa zero-offset (ZO)
sectionfrom multi-coverageseismicreflectiondatafor 2-D mediain adata-drivenway, i. e.,withoutexplicit
knowledgeof themacro-velocitymodel.The“best” stackingoperatorsaredeterminedby anoptimizationof
thecoherency alongdifferentteststackingoperatorsin themulti-coveragedata.Previous implementations
determineonly oneoptimumstackingoperatorfor eachZO sampleto be simulated.Consequently, con-
flicting dipsarenot taken into accountbut only themostprominenteventcontributesto a particularstack
sample.In thiswork, I show how this limitation canbeovercome.

The pragmaticsearchstrategy of the original CRSstackimplementationconsistsof threeone-parametric
searchstepsto determinethe stackingoperators.In the first step,an automaticCMP stack,conflicting
dipscanhardly be consideredbecausethe respective stackingvelocitiesmight be quite similar. However,
I observe that conflicting dips canstill be detectedandseparatedin the subsequentsearchstepsthat are
appliedto theresultof theautomaticCMP stack.

I proposean extensionof the pragmaticapproachto accountfor conflicting dips.For ZO sampleswhere
conflicting dips aredetected,an additionalone-parametricsearchis required.This providesa setof three
kinematicwavefieldattributesfor eachof theconflictingeventsandallows to simulatetheir interferencein
thesimulatedZO section.

Intr oduction. The CRS stackmethod(Müller, 1998,1999) simulatesa ZO sectionby summingalong
stackingsurfacesin the multi-coveragedata.The stackingoperatoris an approximationof the kinematic
reflectionresponseof a curved interfacein a laterally inhomogeneousmedium.Threekinematicattributes
associatedwith wavefrontsof two hypotheticaleigenwave experimentsarethe parametersof thestacking
operator. Coherency analysesalongvariousteststackingoperatorsareperformedfor eachparticularZO
sampleto be simulated.The stackingoperator(and its threeassociatedwavefield attributes)yielding the
highestcoherency is usedto performtheactualstack.

However, not only oneeventmight contribute to a particularZO sample,but differenteventsmayintersect
at the consideredZO location.To properly simulatea ZO sectionundersuchconditions,it is no longer
sufficient to consideronly onestackingoperatorfor eachZO sample,but separatestackingoperatorsfor
eachcontributing eventhave to bedetermined.Thefinal stackresultcanbeconstructedasa superposition
of thecontributionsof all separatestackingoperators.

Pragmatic search strategy. To beableto follow thepragmaticapproachof Müller (1998),let me briefly
review sometheoreticalaspectsof theCRSstack:I considerthehyperbolicsecondorderrepresentationof
theCRSstackingoperator(Schleicheret al., 1993;Tygel et al., 1997).Threeindependentparametersare
usedto accountfor thelocalpropertiesof thesubsurfaceinterfaces:theangleof emergenceα of thenormal
ray andthe two radii of curvatureRN andRNIP associatedwith two hypotheticaleigenwave experiments
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(see,e.g.,Mannetal., 1999).Thestackingoperatorfor apoint P0
� � x0 � t0 � in theZO sectionreads

t2 � xm � h� ��� t0 � 2 sinα
v0 � xm � x0 	�
 2 � 2t0 cos2 α

v0 � � xm � x0 	 2
RN

� h2

RNIP 
 � (1)

wherethe half-offset betweensourceandreceiver is denotedby h, andxm denotesthe midpoint between
sourceandreceiver. Theonly requiredmodelparameteris thenearsurfacevelocityv0.
TheCRSstackbasicallyconsistsof ameasureof thecoherency of themulti-coveragedataalongall opera-
torsgivenby Equation(1) for any possiblecombinationof valuesof α , RNIP, andRN within aspecifiedtest
range.
In principle,I have to determinetheglobalmaximumandasetof localmaximaof thecoherency measurein
thethree-parametricattributedomain.However, eventhedeterminationof theglobalmaximumturnsout to
betoo time consumingin a three-parametricsearchstrategy. Therefore,I cannotexpectto beableto detect
additionallocalmaximain thisway.
Müller (1998) proposedto split the three-parametricprobleminto threeone-parametricsearchesandan
optionalthree-parametriclocaloptimizationasdepictedin thefollowing simplifiedflowchart:

multi-coveragedata�
automaticCMP stack�

vNMO ZO section
�

calculateRNIP
α� searchesfor α andRN�

RNIP α andRN
�

optionaloptimizationandstackwith multi-coveragedata

The first searchstepof this pragmaticapproachis an automaticCMP stack.The searchparameteris the
stackingvelocity vNMO whichcanbewritten in termsof theCRSwavefieldattributesas

v2
NMO

� 2v0 RNIP

t0 cos2 α � (2)

Thenext two searchstepsareappliedto theCMPstackedsection.Thesearchparametersareα andRN. The
formeris thenusedto calculateRNIP by meansof formula(2).

Conflicting dips. This three-stepstrategy hasto bemodifiedif conflictingdipsareto becorrectlytakeninto
account.Unfortunately, in spiteof theangle-dependenceof vNMO, I cannotrely on thefirst stepto separate
eventswith differentemergenceanglesbecausetheassociatedstackingvelocitiesmight besimilar or even
identical.Furthermore,thesignof theemergenceangleα cannotbedeterminedby meansof Equation(2).
However, it is possibleto detecteventswith different emergenceanglesin the secondstepin the CMP
stackedsection,althoughthesehavenotbeencorrectlytakeninto accountby thepreceedingautomaticCMP
stack.This is indicatedby Figure1: for agivenpoint in theZO sectionto besimulatedthecoherency values
areplottedversusthe testedemergenceangles.I observe threedistinct local maximawhich arepotential
candidatesfor conflictingdips.
Dueto theabove observations,thethree-stepapproachcanbeeasilyextendedsuchasto detectconflicting
eventswith differentemergenceangles.However, the calculationof RNIP from α andvNMO accordingto
Equation(2) is no longerpossiblebecause,in general,I will detectmorethanoneangleof emergencebut
only onevaluefor thestackingvelocity vNMO. Consequently, theapproachhasto beadaptedto accountfor
this fact.An additionalsearchprocedurefor eachradiusof curvatureR� i �

NIP
correspondingto eachconflicting

dip α � i � becomesnecessary.
Unfortunately, R� i �

NIP
canbedeterminedneitherin theCMP stackedsectionnor in theoriginalCMPgathers.

Accordingto thestackingoperator(1), R� i �
NIP

hasno influencein the ZO section
�
h � 0� , andin theCMP
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Figure1: Coherency measureplottedversusthe testedanglesof
emergenceof the normal ray. Distinct local maximacan be ob-
served,althoughconflicting dips have not beenconsideredin the
preceedingstep.At theconsideredZO location,twodiffractionpat-
terns(atα � � 30� andα � 25� , respectively) andaweakreflection
event(atα � 12� ) intersecteachother.

gather
�
xm
� x0 � , R� i �

NIP
andα � i � cannotbeseparated.To solve this problem,I proposeto performtheaddi-

tional searchfor R� i �
NIP

in anothersubsetof themulti-coveragedata,namelyin thecommon-shot/common-

receiver gatherwhereh2 � � xm � x0 � 2. Thesimplifiedflowchartof thisextendedstrategy reads:

multi-coveragedata�
automaticCMP stack�

ZO section

searchesfor α � i � andR� i �
N�

α � i � andR� i �
N

searchfor R� i �
NIP

in common-shot/common-receiver gather�
α � i � , R� i �

NIP
, andRN � i �

optionaloptimizationandstackin multi-coveragedata

First results.Detailsof the resultsobtainedwith the extendedCRS stackfor marinedataareshown in
Figure2. Themultitudeof resultingwavefieldattributesectionsis farbeyondthescopeof thisabstract,thus
only thefinal stackresultandtheemergenceanglesectionsfor thefirst two conflictingeventsareshown.
Thesteepeventin thecenterof thefiguresintersectsseveralotherevents.At theintersectionpoints,at least
two differentstackingoperators(andtheir associatedwavefieldattributes)have beendetermined.This can
beenseenbestin Figure2bwherethedifferenceof theemergenceanglesfor thefirst two conflictingevents
is depicted.
The outlinedalgorithmalwaysdeterminesa discretenumberof conflicting eventsfor eachparticularZO
location.For thispurpose,theanglespectra(similar to theexampleshown in Figure1) for eachZO location
areanalyzedapplyinguser-givenabsoluteandrelative coherencethresholds.

Conclusions.Thepragmaticapproachof Müller (1998)to performa ZO simulationby meansof theCRS
stackmethodcanbeadaptedto alsoaccountfor theconflictingdip problem.An additionalone-parametric
searchis requiredto resolveambiguitiesintroducedby differenteventscontributing to oneandthesameZO
sampleto besimulated.Thefirst resultsillustratetheapplicabilityof thisapproach.
In additionto themorerealisticsimulatedZO section,theadaptedCRSstackstrategy providesthreekine-
matic wavefield attributesfor eachparticularevent, even if it intersectsoneor moreotherevents.Subse-
quentapplicationsof thesewavefieldattributes(e.g., aninversionof themacro-velocity model,calculation
of Fresnelzonesetc.)benefitfrom this fact,becauseotherwisethewavefieldattributesin thegapsbetween
“broken” eventsegmentswouldhave to beinterpolated.
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Figure2: Detailsof theCRSstackresults:a) optimizedCRSstacksection,c) andd) emergenceanglesof
thefirst andseconddetectedcontributing events,b) differenceof theemergenceanglesshown in c) andd).
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