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Summary. TheCommon-Reflection-Suate(CRS)stackwasoriginally introducedasadata-dnvenmethod
to simulatezero-ofset sectionsfrom 2-D seismicreflectionpre-stackdataacquiredalong a straightline.
This approachis basedon a second-ordetraveltime approximationparameterizedvith threekinematic
wavefield attributes. An explicit knowledge of the subsuréce modelis not required,but only the near
surface velocity Meanwhile,the attractive featuresof the CRS approachhave beentransferredto more
generalimaging problems:the simulationof 2-D and 3-D finite-offset sectionsand 3-D ZO sectionsOur
aim is to give an overvien of thesegeneralizationsFurthermore we discussdifferent conceptshow to
considerthe topographyin the CRS stackingmethodfor dataacquiredon smoothaswell ason rugged
acquisitionsurfaces.

Intr oduction. The Common-Reflection-Swate (CRS)stackwasintroducedby Miuller (1998)andMuuller
etal. (1998)asa data-drven zero-ofset (ZO) simulationmethodfor 2-D that doesnot requirean explicit
knowledgeof the macrovelocity model. The reflectioneventsin the pre-stackdataare locally described
by a second-ordetraveltime approximationof the kinematicreflectionresponseof a reflector segment
in depth.The CRS stackingoperatoris parameterizedby meansof three kinematic wavefield attributes
which representhe cunaturesandthe coincidentpropagatiordirectionsof two wavefrontsemeping atthe
acquisitionsurface ,namelytheso-callechormal-incidence-pat (NIP) wavefontandthenormalwavefont
(Hubral, 1983). Thesewavefronts are associatedvith two hypotheticalexperiments:the NIP wavefront
stemdrom apointsourcdocatedonthereflectorsegment thenormalwavefrontis causedy asimultaneous
excitationof the entirereflectorsegment(exploding reflectorexperiment).
Thekinematicwavefieldattributesrepresenthereflectorsggments propertiesi. e.,its location,orientation,
and cunature,aswell asthe effects of its inhomogeneousverturden.With this parameterizatiomf the
CRS stackingoperatoy the operatorfitting bestthe actualreflectionevent canbe directly determinedoy
meansof a coherencenalysisin the pre-stackdata.The actualpropertiesof the reflectorsggmentandits
overlurdenarenot required,thusthe processs entirely datadriven, similar as,e.g., an NMO/DMO/stack
approachDueto its moregeneraparameterizationf the reflectionevents,the CRSoperatordetterfit the
actualeventsandprovide ahighersignal-to-noiseatio aswell asanentiresetof wavefieldattributesthatare
suitedfor variousapplicationse.g., the estimationof the projectedfirst Fresnelzoneandthe geometrical
spreadindgactor (Vieth, 2001),inversion(Majer, 2000),or an attribute-basedime migration(Mannetal.,
2000).

Our aim is to give an overvien how theseattractive featuresof the CRS stackcanbe transferred¢o more
generalimagingproblemsnamelythe simulationof finite-offset (FO) sectiondor 2-D and3-D aswell as
Z0 sectiondor 3-D. Thedevelopmenibof the CRSstackingoperatorandthe numberof wavefield attributes
arecompiledin Figurel andwill bediscusseanoredetailedin the following.

Theoriginally introducedCRSstackapproachwasnot ableto handlethetopographyof theacquisitionsur
face.As this problemcan,in generalnotbeignoredfor landdata,we will discusgwo differentconceptgo
handlethetopographyin the CRSstackapproachTheseconceptsanbeintegratedinto all of thediscussed
imagingproblems.
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Figurel: Developmenbf the CRSstackingoperatorgor differentimagingproblemsThenumberof search
parametersi. e., wavefield attributesincreaseswith increasingcomplity of the problem.The FO CRS
stackfor 3-D is subjectof our currentresearch.

3-D zero-offset simulation. For the 2-D ZO case,the reflectorsegments propertiesand the associated
wavefield attributesarerelatedto eachotherby the two hypotheticalexperimentanentionedabove. These
experimentscanbe readily extendedto the 3-D case:ithe reflectorsegmentis now a surfacein 3-D space
(which leadto the term CRSstackasall consideredaysarereflectedat the samesurface).Again, a point
sourceis placedon the reflectorsggmentto obtainthe NIP wavefront. An exploding reflectorexperiment
yieldsthe normalwavefront.In 3-D, bothwavefrontsaresurfaces. Consequentitheir cunaturesandprop-
agationdirectionsalongthenormalZO ray canno longerberepresentetly scalarsinsteadthe cunatures
are expressedby meansof symmetric2 x 2 matrices.Eachof them hasthreeindependentlementghat
dependon the two principal curvaturesandthe orientationof the principal axeswith respecto the global
coordinatesystem.We expressthe propagatiordirection eitherby meansof two angles,emegenceangle
andazimuth,or by avectorw, with two componentghe projectionof thenormalizedpropagatiordirection
to theacquisitionsurface.

With theseeight wavefield attributes we can parameterizéhe CRS stackingoperatorfor 3-D, a four-
dimensionahypersurfacein the five-dimensionapre-stackdatahypervolume setup by the shot/receier
midpoint vectorm relative to the emegencelocationof the normalray, the half-offset vectorh, andthe
traveltimet:
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wherev denoteshenearsurfacevelocity, andt, is the ZO traveltime to be simulatedat theemepenceoca-
tion of the normalray. A andB representhe cunaturesof the NIP andthe normalwavefront, respectiely,

expressedn globalcoordinatesThis hyperbolicsecond-ordeapproximatiorhasthe samestructureasthe
CRSoperatoiin the2-D ZO caseThus,similar stratgiesasin 2-D (see.qg, Jageretal.,2001)canbeused
for anefficient determinatiorof thewavefield attributes:in specificsubset®f the pre-stacldata,e.g., CMP
or ZO volumes the numberof attributesreducesvhich allows to split the searcHor the eightattributesinto
optimizationproblemswith lessdimensions.

An alternatve way is to applythe 2-D CRSstackseparatelyor differentazimuthdirectionsin this casethe
detectecturvaturesarethe cunaturesof the actualspatialwavefrontsin the directiongivenby the azimuth
of the seismicline. The 2-D propagationdirectionrefersto the planedefinedby the seismicline andthe
actualpropagatiordirection. This hastwo consequencedirstly, the 2-D CRSstackdoesnot imply a 2-D
model,but yields a correctresultevenfor 3-D models,namelyoneZO sectionasa subsebf anentire3-D
Z0 volume. Secondly the eight wavefield attributesof the 3-D problemcanbe determinedrom the 2-D
attributesif they areavailablefor atleastthreedifferentazimuthdirections.

Notethata setof 2-D pre-staclkdatavolumesacquiredalongparallellinesis nota 3-D pre-stackvolumein

astrictsensesucha datahypervolumecontainsno offset-dependerinformationin cross-linedirection.




Finite-offset simulation. For the ZO simulation,we considereanly uncowertedrayswith coincidentup-
going anddown-goingray branchesThis allowed us to usetwo hypotheticalexperimentswith up-going
wavefrontssuchthat the actualreflectionhad not to be consideredexplicitely. However, in caseof finite
offset(FO) and/orcorvertedwaves,the two ray brancheso longercoincideandthe NIP andnormalwave
experimentsarenotapplicable FortheFO caseZhangetal. (2001)recentlyproposedwo otherexperiments
to establisha relationshipbetweenthe reflectorsggments propertiesandkinematicwavefield attributesin
thetime domain:the first experimentis the actually performedphysicalexperimentwith a point sourceat
the shotlocation. This experimentprovides threekinematicwavefield attributes, namelythe propagation
directionsof the wavefront along the central FO ray at the shotand recever location, respectiely, and
the cunvature of the emeging wavefront at the recever. The secondexperimentis a hypothetical CMP
experimentandprovidestwo additionalwavefield attributes:the curnvaturesof the wavefrontat the shotand
therecever, respectiely.

For 2-D FO casethereflectioneventsareparameterizewvith a total of five kinematicwavefield attributes.
Similarto the ZO casethe searchfor theseattributescanbe performedn differentsubset®f the pre-stack
data.This reduceghe numberof attributesthathave to be simultaneoushoptimized.Thetwo experiments
proposedor the 2-D FO casecan,of coursealsobetransferredo 3-D: the propagatiordirectionsof the
wavefrontsalongthe ray arethenrepresentedy vectorswith two componentsnsteadof scalarsandthe
wavefront cunaturesare 2 x 2 matrices,eachwith threeindependenparametersThus,we obtaina total
of 13 wavefield attributesfor this mostgeneralsituationthat is ableto handlecorvertedanduncorverted
centralraysfor ary offsetin 3-D. Thedevelopmentof anefficient stratgy to determineall theseparameters
is atopic of our currentresearch.

Topography. Sofar, we assumedhat pre-stackdataareacquiredalonga straightline (2-D) or on a plane
surface(3-D). Theseassumption$old for marinedatabut, in generalnot for land data.Dependingon the
compleity of thetopographythis problemcanbe addressedith two differentapproaches:

In caseof a smoothtopographythe CRS operatoritself is not affectedby the topographyWhererer the
hyperbolicapproximationis sufficiently accuratdor dataacquiredon a planesurface,it is alsoapplicable
for asmoothacquisitionsurface.In this contect “smooth” meanghatthe curvatureof theacquisitionsurface
doesnot significantlyvary insidethe apertureusedfor the CRSstack.In otherwords,the topographyhas
not to be consideredor the simulationof the ZO or FO sectionitself. However, the kinematicwavefield

attributesno longerdescribethe propagatiordirectionsand curvaturesof hypotheticalwavefrontsbut also
dependon the local curvatureandslopeof the acquisitionsurface.For a further useof the attributes,they

haveto becorrectedor thisinfluenceby meanf simplerelations seeBemleretal. (2001).Eachsimulated
Z0 or FOtracerefersto the original datumgiven by the pre-staclkdata.

For a ruggedtopographythe above approachis not applicableasthe actualeventsin the pre-stackdata
might be of very complex shapeln this situation,additionaltermshave to beintroducedto the CRSstack-
ing operatorthat considerthe known shotandrecever elevations.As the wavefield attributesinclude the
incidenceandemepgenceanglesof the centralray, the ray segmentsbetweerthe actualacquisitionsurface
andachoserdatumplanecanbeeasilycalculatedThis situationfor the2-D FO cases depictedn Figure2.

Thenumberof wavefield attributesremainsthe same.This approachreadily providesthe correctwavefield

attributesreferringto the choserdatumwithout a needfor a subsequentorrection.

Conclusions.The CRS stackmethod,originally introducedfor the simulationof 2-D ZO sectionsanda
straightacquisitionline, hasbeengeneralizedor the simulationof 3-D ZO sectionsaswell as2-D and3-D
FO sectionsForthe 3-D ZO and2-D FO casethegeneralizedCRSstackhasalreadybeensuccessfullyap-
plied to syntheticdata.The global optimizationproblems;j. e.,the determinatiorof the optimumwavefield
attributes,canbe performedmoreefficiently in specificsubset®of the pre-stacldata.

For eachof thediscussedour imagingproblemsthetopographyof theacquisitionsuriacecanbeconsidered
in two differentways,eitherby simplecorrectionsof thewavefield attributesin caseof smoothtopography
or by directly using the actualsourceandrecever elevationsin caseof a ruggedtopography The latter
approachncludesa redatumingwithout thein commonpracticemadeassumptiorof vertical raysnearthe
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Figure2: FOray for aruggedtopographyThe CRSstackingoperatorfor ruggedtopographyconsiderghe
ray from Sto G asif it wasacquiredonthedatumplaneatS andG'. ThenearsurfacevelocitiesbetweerS
andSandbetweerR andR, respectiely, areassumedo beknowvn andconstantTheanglesBs andf3; are
two of thefive wavefield attributesin the 2-D FO case.

surface.Additional wavefield attributesarenot requiredto handlethetopography

With thediscussedeneralizationsf the CRSstackmethodary arbitrarysectioncanbesimulatedrom 2-D
and3-D pre-stackdatain anentirely data-divenway. This allows the applicationof the CRSstackmethod
for amultitudeof situationsandpurposes.
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