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Abstract

The Common-Reflection-Surface(CRS)Stackhasbeenestablishedover the pastyearsasan alternative
to standarddata-driven imaging techniques.The CRS Stacknot only yields high-quality stacksections
from multi-coveragereflectionpre-stackdatabut also provides—asby-productto the stacked section—
importantwavefieldattributes.With theknowledgeof thenear-surfacevelocityonly, theseattributescanbe
extractedfrom thestackingparameterswhichconstitutetheCommon-Reflection-Surfacestackingoperator.
Thewavefieldattributesareof usefor a multitudeof seismicapplications.Theseincludeamongothersthe
computationof the geometricalspreadingfactor, the determinationof the projectedFresnelzone,or the
inversionto obtainavelocitymodel.Thestackingvelocitycanalsobeexpressedin termsof thesewavefield
attributesandis determinedin a reliablewaywith theCRSStack.

Introduction

The CRS Stackhasbeenintroducedto simulatezero-offset (ZO) sectionsfrom 2-D seismicreflection
pre-stackdata(Müller et al., 1998),wheresourcesandreceiversaresupposedto be locatedon a straight
line (the seismicline) on the measurementsurface.We want to refer to this approachin the following
as the ZO CRS Stack.Meanwhile,thereexists another2-D CRS approachto constructany finite-offset
sectionfrom pre-stackdata(Zhanget al., 2001).The ZO CRSoperatoris derived by meansof paraxial
ray theoryandhasa three-parameterdescription.If thenear-surfacevelocity in thevicinity of a coincident
source/receiver location is known, the three stackingparametersdeterminedby meansof a coherency
analysisdirectly from the data (Jäger et al., 2001) are relatedto important wavefield attributes.These
attributesarethewavefrontcurvaturesof two hypotheticalwavesat thecoincidentsource/receiver location
andtheircommonpropagationdirection(emergenceangle)at thispoint.In thiswaythestackingparameters
obtaina“physical” meaning:asthedescriptionof theZO CRSstackingoperatoris basedontheassumption
of curved reflectorsegmentsin thesubsurface,onecandeduceinformationaboutthereflectors’positions,
dips,andcurvaturesfrom thewavefield attributes.Thus,theCRSstackapproachimpliesa generalization
of thewell-known CMP stackandvelocity analysis.Insteadof only onewavefieldattribute—thestacking
velocity—theCRSstackprovidesanentiresetof wavefieldattributes.

In caseof varyingelevationsalongtheseismicline, theparameterizationof theZO CRSstackingoperator
hasto be correctedto obtainwavefield attributeswith a well-definedgeometricalmeaning.Therefore,we
firstly introducethe modifiedZO CRSstackingoperatorwherethe parametersincludethe influenceof a
smoothlycurvedtopography. Recently, aZO CRSoperatorhasbeenderivedto extractthecorrectwavefield
attributesevenfor complex topographyalongtheseismicline.
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Figure1: a): Theseismicline hasin thevicinity of SGthecurvatureKS which is indicatedby thecircular
arc.α is thelocaldip of theseismicline, β is theanglebetweenthecentralrayandthenormalto theseismic
line at SG,andβ � is theanglebetweenthe centralray andthevertical line throughSG.b): Definition of
sourceandreceiver coordinatesof aparaxialray for acurvedmeasurementline with respectto SG.

The data-derived wavefield attributescanbe relatedto the stackingvelocity andother importantseismic
attributesas, for instance,the geometricalspreadingfactor or the projectedfirst Fresnelzone(see,e.g.,
Vieth, 2001).We explain how the stackingvelocitiesareobtainedfor reflectioneventsfrom picked CRS
attributesona realdataexample.

Zero-offset CRS Stack for a curved measurement line

For theZO case,thethreestackingparametersof theCRSstackingoperatorfor 2-D mediacanberelated
to wavefield attributes,if thenear-surfacevelocity in thevicinity of the coincidentsource/receiver (in the
following denotedby SG)locationis available.Thesesattributesareassociatedwith thetwo so-calledhypo-
theticaleigenwaveswhicharethenormal-incidence-point (NIP) wave andnormal(N) wave (Hubral,1983)
propagatingalong the ZO (normal) ray. The wavefield attributesaregiven by the emergenceangleβ of
theeigenwavesandthewavefrontcurvaturesKNIP andKN, respectively, determinedat SG.If sourcesand
receivers are locatedon a curved measurementline, the influenceof the topographyon the data-derived
attributeshave to betaken into accountto properlyevaluateβ , KNIP, andKN. If we denotetheuncorrected
valuesof the threewavefield attributesderived from thedata,i.e. thevaluesbasedon theassumptionof a
straightmeasurementline, by β � , K �NIP, andK �N thenthe correctvaluesβ , KNIP, andKN aregiven by the
following relations:

β ��� β 	 α 
 (1)

K �NIP cos2β � � KNIPcos2β 	 KScosβ 
 (2)

K �N cos2β ��� KN cos2β 	 KScosβ 
 (3)

whereα denotesthedip andKS thelocalcurvatureof theseismicline atSG(seeFigure1a).Bothparameters
areassumedto beknown. Pleasenote,KS is positive if thecurvedmeasurementline falls below its tangent
at theSG.Substitutingtheserelationsin theZO CRSstackingoperator(asgiven,e.g.,by Mannetal.,1999)
yields

t2 � �
t0 � 2

sinβ
v

xm
 2 � 2 t0
v0 � KN cos2 β 	 KScosβ � x2

m � 2 t0
v0 � KNIPcos2 β 	 KScosβ � h2 
 (4)



wheret0 is theZO traveltimealongthecentralray andv denotesthenear-surfacevelocityat SG.Theoffset
2h andmidpointxm referto theprojectionsof all shot-receiver pairsin directionof thesurfacenormalatSG
ontothetangentat this point (seeFigure1b).

High-resolution stacking velocity

TheZO CRSapproachusesatraveltimeformulalikeequation(4) asstackingoperator. This formuladefines
a surfacein the multi-coveragepre-stackvolume.By variationof the parametersthe operatoris fit to the
reflectioneventin thevicinity of aZO sample.An accompanying coherenceanalysisdeterminestheparam-
etersthatyield thebestfit operator. To simulatetheamplitudeat theZO sample,theamplitudesalongthe
operatoraresummedup andassignedto respective ZO sample.Theresultof this procedureis that theZO
samplecarriesthe following information:a stackvalue(summedamplitude),the parametervalues,anda
coherency value.Of course,thelocationof actualreflectioneventsin theZO sectionis unknown. Therefore,
the proceduredescribedabove is appliedto a grid of ZO samples.This yields a simulatedZO section,a
coherencesection,andthe CRSattribute sections.By meansof the CRSattributesonecaneasilyderive
a stackingvelocity section.In caseof a smoothlyvarying measurementsurface,the stackingvelocity is
expressedby

v2
stack � 2 v0

t0 � KNIPcos2β 	 KScosβ ��� (5)

In addition, sectionsfor the geometricalspreadingfactor and the projectedfirst Fresnelzone can be
calculatedwith thedeterminedattributes.

To identify actualreflectionevents,onecanconsiderthecoherenceandstacksectionsaswell asthein gen-
eralmetcontinuityof theparametersalongtheseevents.As muchmoretracesareusedduringthecoherency
analysisandfor thestackcomparedto, e.g.,theNMO/DMO/stack,theCRSattributesaremuchmoresta-
ble andreliablethanthe stackingvelocity obtainedfrom conventionalvelocity analysis.The picking, for
instance,of thestackingvelocity in thesectionis simplifiedwith thehelpof thehigh-qualitycoherency sec-
tion which helpsto identify reflectionevents.Note thatevery ZO samplecarriesa stackingvelocity value
which leadsto a high horizontalandvertical resolutionof the stackingvelocity section.In Figure2, we
show anexampleof pickedstackingvelocitiesassociatedwith areflectioneventin thesimulatedZO section
obtainedby theZO CRSStack.

Conclusions

We have introduceda new analyticmoveout formula for a curved measurementsurfacewhich may find
applicationin avarietyof seismicproblems.Furthermore,wepresentedhow theCRSStackcanbeusedfor
velocity analysis.Thestackingvelocity canbecalculatedvia CRSattributesobtainedasa ”by-product” to
thesimulatedZO section.Thepicking of stackingvelocitiesis guidedby a high-qualitycoherency section
which improvesthereliability of thepicking procedure.
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Figure2: Upperpart: subsetof CRSstacked ZO section.Lower part: stackingvelocitiesalongthe strong
eventcrossingtheZO sectionshown in theupperpart.
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