Summary. Thesimulationof a zero-ofsetsectionfrom multi-coverageseismicreflectiondatafor

2-D mediais a widely usedseismicreflectionimaging methodthat reduceshe amountof data
and enhanceshe signal-to-noisaatio. The aim of the common-reflection-suate stackmethod
IS not only to improve the resultingstacksectionbut alsoto determinegparametershatareuseful
with respecto a subsequennversion.Theseadditionalparameterareattributesof hypothetical
wavefrontsobsenedatthesurface.

The mainadwantageof the common-reflection-suatestackis the useof analyticalformulaethat
describethe kinematicreflectionmoveoutresponsdor inhomogeneoumediawith curved inter-

facesbut do notdependon a macrovelocity model.An analyticreflectionresponséditting bestan

actualreflectioneventin the datasetis determinedy cohereng analysis.

Althoughwe appliedthe common-reflection-suatcestackto varioussyntheticandreal datasets,
we restrictourselesto a syntheticexample.For a given model data-dewed aswell asmodel-
derived(forward calculatedwavefrontattributesareavailable.This enablesisto verify thewave-

front attributesdeterminedy thecommon-reflection-suatestackmethodexposingawide agree-
mentwith the expectedresults.

Introduction. Many corventionalimagingmethodsequirea sufficiently accuratanacrovelocity
modelto yield correctresults.To calculatethe respectre operatorge.g. isochrondor dip move-
out (DMO) correctionor traveltime surfacesassociateavith hypotheticaldiffractorsfor pre-stack
migration(PSM))it is in additionnecessaryo performray tracingto obtainthetraveltimes.

Our aim is to determineappropriate2-D stackingoperatorswithout the knowledgeof a macro
velocity modeland,consequentlywithout ray tracing. The “best” stackingoperatotis determined
by meansof cohereng analysis(Tanerand Koehler(1969)): we testa setof differentstacking
operatorgor the highestcoherencebtainedalongtherespectre operatorin theinput dataset.
For homogeneousodelsthe stackingoperatoris the kinematicimpulseresponseof a circular
reflectorsegmentin the subsuréce,the commorreflectionsurface(CRS). This reflectorsegment
canbedescribedy meanf threeparametersts location,orientationandcurvature Performing
two hypotheticalexperimentswith sourceson the reflectorseggmentyields wavefrontsassociated
with two so-calledeigenwavesThesewavefrontswould be obsered at the surfacewith well-
definedattributes,namelythe anglesof emegence(which coincidefor both eigenvaves)andthe
respectre curvaturesof the emeging hypotheticawavefronts.In otherwords,the commonangle
of emegenceandthe two cunaturesuniquelydefinethe consideredhree-parametricircularre-
flectorsegment.

Moving to themoregenerakaseof inhomogeneousodels thesewavefrontattributescanstill be
usedto definethe stackingoperatorassuminghe emeging hypotheticalwavefrontsto becircular
in acertainvicinity of the surfacelocationunderconsideration.



Theory. The hypotheticakexperimentsproviding the wavefrontsof the eigenvavesareillustrated
in Figure 1 for a modelwith threehomogeneousayers.We considera point R on the second
interfaceassociatedavith a normalincidenceray (shavn asdashedine) emeging at location

onthesurface.

One eigenvave is obtainedby placing a point sourceat R that producesthe so-callednormal
incidencepoint (N I P) wave (Figurela,wavefrontsdepictedn light gray).An explodingreflector
experimentyields the secondeigenvave callednormal wave. The wavefrontsare againdepicted
in light gray (Figure1b). In avicinity of x, both wavefrontsareapproximatedy circles(shavn

in darkgray)with theradii of cunvatureRy;p andRy, respectrely.
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Figure 1: Hypotheticalexperimentsproviding a) the NI P wave producedby a point sourcein
R andb) the normal wave generatedy an exploding reflectorexperiment.The wavefrontsare
depictedn light gray, the circularapproximationsn darkgray The normalincidenceray (dashed
line) is reflectedat point R.

An expressiorof the correspondingtackingoperatotis availablein a parametridorm. The para-
metersarethe angleof emegencex of thenormalincidenceray, theradiusof cunatureRyp of

the NI P wave, andtheradiusof curvatureRy of thenormalwave.

However, for irregular acquisitiongeometriesan explicit representationf the stackingoperator
is more corvenient.A hyperbolicsecondorder Taylor expansionwhich canalso be derived by

meansof paraxialray theory(Schleicheretal. (1993)),reads
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The half-offsetbetweensourceandrecever is denotedwith h, whereasr,,, denoteshe midpoint
betweensourceandrecever. The only requiredmodel parameters the nearsurfacevelocity v,.
Therespectre sampleof the ZO traceto be simulateds definedby (¢, zo).

Accordingto Ursin (1982) and our own experiencewith differentapproximationsof the CRS
stackingoperatotthe hyperbolicapproximatiorwith respecto ¢? givenabove is moreappropriate
thana parabolicapproximatiorwith respecto ¢. A doublesquareroot representatiors alsopos-
sibleasshown by Berkovitch etal. (1994).

The proposedstratgly can be appliedto complex mediabut is in the presentedorm basedon



Z0O rayswith normalincidenceon thereflector Furthermorefor inhomogeneousodelsthe CRS
stackingoperatotis only valid in thevicinity of theZO ray. With regardto raytheorythisconcerns
the paraxialraysof the (central)ZO ray.

Application. For eachsample(ty, ) in the stacksection,i. e. the zero-ofset (ZO) sectionto be
simulatedwe have to determinehestackingoperatoffitting bestto aneventin themulti-coverage
dataset: by meansof coherenceanalysisalongthe stackingoperatorwe look for the parameter
triple (o, Ry;p, Ry) Yielding the highestcoherenyg value. For this examplewe usedthe coher
encecriterionsemblance.

We simulateda multi-coveragedatasetfor a modelwith five dome-like interfacesseparatindo-
mogeneoufayersandaddedhoisewith a signal-to-noise&atio of 4. The ZO sectionof this dataset
is shavnin Figure2a. Thedeepereventsarehardlyvisible in this section.

To avoid the time-consumingimultaneousearchfor all threeparameterswe firstly performa
one-parametrisearchto determinethe squaredstackingvelocity v3,,, = 2vo Ryrp/(to cos?® a)
in the commonmidpoint(CMP) gathersThe squaredstackingvelocity v ,,, which mayalsobe
negative definesa surfacein the (a, Ryrp, Ry) domain.

In asecondstep,atwo-parametricearchs performedalongthis surfacefinally yielding all three
parametersiVherever the coherencexceedsa giventhresholdan additionalthree-parametriop-
timizationis appliedto improve theaccurag of the parametetriple.

In this way, a stackingoperatoris definedfor eachZO sampleto be simulated.The final stack
resultis shavn in Figure2b whereall eventscanbeidentified.

Conclusions. The CRSstackis amodelindependenseismicimagingmethodandtherebycanbe
performedwithout ary ray tracingand macrovelocity modelestimation.Only the knowledgeof
thenearsurfacevelocityis required As aresultof a CRSstackoneobtainsin additionto eachsim-
ulatedZO reflectiontime importantwave-field attributes:the angleof emegenceandthe radii of
cunatureof the NIP andthe normalwave. Theseattributescansubsequentljpe usedto derive an
approximatiorof theinhomogeneoug-D macrovelocity model(HubralandKrey (1980),Goldin
(1986))which allows to determineanimagein the depthdomain.

By meansof the Taylor seriesexpansionsthe CRSstackcanbe appliedto traceson anarbitrarily
irregular grid without the needto interpolate Additionally, the simulatedZO sectionandthe at-
tribute sectionsarenotrestrictedo the (possiblyirregular)input datageometry

The applicationto a syntheticdataseshaved notevorthy resultswith respecto the stacksection
and the determinedattributes.In view of the authors,the proposedstratgies offer an exciting
approacho improve the stacksectionandto allow for a subsequeritiversion.
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Figure2: Syntheticdatasetfor a modelwith five interfaces:a) ZO sectionof input datasetwith
S/Nratio4, b) ZO sectionsimulatedoy meansof CRSstack.



