
Summary. Thesimulationof azero-offsetsectionfrom multi-coverageseismicreflectiondatafor
2-D mediais a widely usedseismicreflectionimagingmethodthat reducesthe amountof data
andenhancesthe signal-to-noiseratio. The aim of the common-reflection-surfacestackmethod
is not only to improve theresultingstacksectionbut alsoto determineparametersthatareuseful
with respectto a subsequentinversion.Theseadditionalparametersareattributesof hypothetical
wavefrontsobservedat thesurface.
Themainadvantageof thecommon-reflection-surfacestackis theuseof analyticalformulaethat
describethekinematicreflectionmoveoutresponsefor inhomogeneousmediawith curved inter-
facesbut do not dependon a macrovelocitymodel.An analyticreflectionresponsefitting bestan
actualreflectioneventin thedatasetis determinedby coherency analysis.
Althoughwe appliedthecommon-reflection-surfacestackto varioussyntheticandrealdatasets,
we restrictourselvesto a syntheticexample.For a given modeldata-derived aswell asmodel-
derived(forwardcalculated)wavefrontattributesareavailable.Thisenablesusto verify thewave-
front attributesdeterminedby thecommon-reflection-surfacestackmethodexposingawideagree-
mentwith theexpectedresults.

Introduction. Many conventionalimagingmethodsrequirea sufficiently accuratemacrovelocity
modelto yield correctresults.To calculatetherespective operators(e.g. isochronsfor dip move-
out (DMO) correctionor traveltimesurfacesassociatedwith hypotheticaldiffractorsfor pre-stack
migration(PSM))it is in additionnecessaryto performray tracingto obtainthetraveltimes.
Our aim is to determineappropriate2-D stackingoperatorswithout the knowledgeof a macro
velocitymodeland,consequently, without ray tracing.The“best” stackingoperatoris determined
by meansof coherency analysis(TanerandKoehler(1969)):we testa setof differentstacking
operatorsfor thehighestcoherenceobtainedalongtherespectiveoperatorin theinputdataset.
For homogeneousmodelsthe stackingoperatoris the kinematicimpulseresponseof a circular
reflectorsegmentin thesubsurface,thecommonreflectionsurface(CRS).This reflectorsegment
canbedescribedby meansof threeparameters:its location,orientation,andcurvature.Performing
two hypotheticalexperimentswith sourceson the reflectorsegmentyieldswavefrontsassociated
with two so-calledeigenwaves. Thesewavefrontswould be observed at the surfacewith well-
definedattributes,namelytheanglesof emergence(which coincidefor botheigenwaves)andthe
respectivecurvaturesof theemerging hypotheticalwavefronts.In otherwords,thecommonangle
of emergenceandthetwo curvaturesuniquelydefinetheconsideredthree-parametriccircularre-
flectorsegment.
Moving to themoregeneralcaseof inhomogeneousmodels,thesewavefrontattributescanstill be
usedto definethestackingoperatorassumingtheemerging hypotheticalwavefrontsto becircular
in acertainvicinity of thesurfacelocationunderconsideration.



Theory
�

. Thehypotheticalexperimentsproviding thewavefrontsof theeigenwavesareillustrated
in Figure1 for a modelwith threehomogeneouslayers.We considera point R on the second
interfaceassociatedwith a normalincidenceray (shown asdashedline) emerging at location ���
on thesurface.
One eigenwave is obtainedby placing a point sourceat R that producesthe so-callednormal
incidencepoint ( ����� ) wave(Figure1a,wavefrontsdepictedin light gray).An explodingreflector
experimentyields thesecondeigenwave callednormalwave. Thewavefrontsareagaindepicted
in light gray(Figure1b). In a vicinity of ��� bothwavefrontsareapproximatedby circles(shown
in darkgray)with theradii of curvature	�

��� and 	�
 , respectively.
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Figure1: Hypotheticalexperimentsproviding a) the ����� wave producedby a point sourcein
R andb) the normal wave generatedby an exploding reflectorexperiment.The wavefrontsare
depictedin light gray, thecircularapproximationsin darkgray. Thenormalincidenceray (dashed
line) is reflectedatpointR.

An expressionof thecorrespondingstackingoperatoris availablein a parametricform. Thepara-
metersaretheangleof emergence� of thenormalincidenceray, theradiusof curvature 	�

��� of
the ����� wave,andtheradiusof curvature	�
 of thenormalwave.
However, for irregular acquisitiongeometriesan explicit representationof the stackingoperator
is moreconvenient.A hyperbolicsecondorderTaylor expansion,which canalsobe derived by
meansof paraxialray theory(Schleicheretal. (1993)),reads����� ������� � � ��!#"%$'&)( �* � � ���,+-���.�0/ � !1" � �3254 $ � �* � 6 � ���,+7���.� �	�
 ! 8 �	9
����;:=<
Thehalf-offsetbetweensourceandreceiver is denotedwith 8 , whereas��� denotesthemidpoint
betweensourceandreceiver. Theonly requiredmodelparameteris the nearsurfacevelocity * � .
Therespectivesampleof theZO traceto besimulatedis definedby

�>� �@?'���A� .
According to Ursin (1982) and our own experiencewith different approximationsof the CRS
stackingoperatorthehyperbolicapproximationwith respectto

� �
givenaboveis moreappropriate

thana parabolicapproximationwith respectto
�
. A doublesquareroot representationis alsopos-

sibleasshown by Berkovitch etal. (1994).
The proposedstrategy canbe appliedto complex mediabut is in the presentedform basedon
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B

rayswith normalincidenceon thereflector. Furthermore,for inhomogeneousmodelstheCRS
stackingoperatoris only valid in thevicinity of theZO ray. With regardto raytheorythisconcerns
theparaxialraysof the(central)ZO ray.

Application. For eachsample
�C� �D?E���.� in thestacksection,i. e. thezero-offset (ZO) sectionto be

simulated,wehaveto determinethestackingoperatorfitting bestto aneventin themulti-coverage
dataset:by meansof coherenceanalysisalongthe stackingoperatorwe look for the parameter
triple

� �F?G	�

����?G	�
;� yielding the highestcoherency value.For this examplewe usedthe coher-
encecriterionsemblance.
We simulateda multi-coveragedatasetfor a modelwith five dome-like interfacesseparatingho-
mogeneouslayersandaddednoisewith asignal-to-noiseratioof 4.TheZO sectionof thisdataset
is shown in Figure2a.Thedeepereventsarehardlyvisible in thissection.
To avoid the time-consumingsimultaneoussearchfor all threeparameters,we firstly performa
one-parametricsearchto determinethesquaredstackingvelocity * �
�HJI � " * �K	�
����ML �>� �N2O4 $ � �P�in thecommonmidpoint(CMP) gathers.Thesquaredstackingvelocity * �
�HJI which mayalsobe
negativedefinesa surfacein the

� �F?G	�
�����?G	�
;� domain.
In a secondstep,a two-parametricsearchis performedalongthis surfacefinally yieldingall three
parameters.Wherever thecoherenceexceedsa giventhresholdanadditionalthree-parametricop-
timizationis appliedto improvetheaccuracy of theparametertriple.
In this way, a stackingoperatoris definedfor eachZO sampleto be simulated.The final stack
resultis shown in Figure2bwhereall eventscanbeidentified.

Conclusions. TheCRSstackis a modelindependentseismicimagingmethodandtherebycanbe
performedwithout any ray tracingandmacrovelocity modelestimation.Only theknowledgeof
thenearsurfacevelocityis required.As aresultof aCRSstackoneobtainsin additionto eachsim-
ulatedZO reflectiontime importantwave-fieldattributes:theangleof emergenceandtheradii of
curvatureof theNIP andthenormalwave.Theseattributescansubsequentlybeusedto derivean
approximationof theinhomogeneous2-D macrovelocitymodel(HubralandKrey (1980),Goldin
(1986))whichallowsto determineanimagein thedepthdomain.
By meansof theTaylorseriesexpansions,theCRSstackcanbeappliedto tracesonanarbitrarily
irregulargrid without theneedto interpolate.Additionally, the simulatedZO sectionandthe at-
tributesectionsarenot restrictedto the(possiblyirregular)inputdatageometry.
Theapplicationto a syntheticdatasetshowednoteworthy resultswith respectto thestacksection
and the determinedattributes.In view of the authors,the proposedstrategies offer an exciting
approachto improvethestacksectionandto allow for asubsequentinversion.
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Figure2: Syntheticdatasetfor a modelwith five interfaces:a) ZO sectionof input datasetwith
S/Nratio4, b) ZO sectionsimulatedby meansof CRSstack.


