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Abstract

The Common-Reflection-Suate (CRS) Stackhasbeenestablishedver the pastyearsas an alternatve

to standarddata-drven imaging techniguesThe CRS Stacknot only yields high-quality stack sections
from multi-coveragereflection pre-stackdatabut also provides—asby-productto the stacled section—
importantwavefield attributes.With theknowledgeof the nearsurfacevelocity only, theseattributescanbe

extractedfrom the stackingparametersvhich constitutethe Common-Reflection-Suatestackingoperator
Thewavefield attributesare of usefor a multitudeof seismicapplicationsTheseincludeamongothersthe

computationof the geometricalspreadingfactor the determinationof the projectedFresnelzone,or the

inversionto obtainavelocity model. The stackingvelocity canalsobe expressedn termsof thesewavefield

attributesandis determinedn areliableway with the CRS Stack.

I ntroduction

The CRS Stack has beenintroducedto simulatezero-ofset (ZO) sectionsfrom 2-D seismicreflection
pre-stackdata(Muller et al., 1998),wheresourcesandreceversare supposedo be locatedon a straight
line (the seismicline) on the measuremensuriace. We want to refer to this approachin the following
asthe ZO CRS Stack.Meanwhile,there exists another2-D CRS approachto constructary finite-offset
sectionfrom pre-stackdata(Zhanget al., 2001). The ZO CRS operatoris derived by meansof paraxial
ray theoryandhasathree-parametatescriptionIf the nearsuriacevelocity in thevicinity of a coincident
source/recger location is known, the three stacking parametergeterminedby meansof a cohereng
analysisdirectly from the data (Jager et al., 2001) are relatedto importantwavefield attributes. These
attributesarethe wavefrontcunvaturesof two hypotheticawavesat the coincidentsource/receer location
andtheircommonpropagatiordirection(emegenceangle)atthis point. In thisway the stackingparameters
obtaina“physical” meaningasthedescriptionof theZO CRSstackingoperatolis basecntheassumption
of curved reflectorseggmentsin the subsuriice,one candeducenformationaboutthe reflectors’positions,
dips, and cunvaturesfrom the wavefield attributes. Thus,the CRS stackapproachimplies a generalization
of the well-knovn CMP stackandvelocity analysis.Insteadof only onewavefield attribute—thestacking
velocity—theCRSstackprovidesan entiresetof wavefield attributes.

In caseof varying elevationsalongthe seismicline, the parameterizationf the ZO CRSstackingoperator
hasto be correctedio obtainwavefield attributeswith a well-definedgeometricaimeaning.Therefore we

firstly introducethe modified ZO CRS stackingoperatorwherethe parametersnclude the influenceof a

smoothlycurvedtopographyRecentlyaZO CRSoperatothasbeenderivedto extractthe correctwavefield

attributesevenfor comple topographyalongthe seismicline.
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Figurel: a): The seismicline hasin the vicinity of SGthe cunatureKg which is indicatedby the circular
arc.a isthelocaldip of theseismidine, 3 is theanglebetweerthe centralray andthenormalto theseismic
line at SG,and * is the anglebetweernthe centralray andthe vertical line throughSG. b): Definition of
sourceandrecever coordinate®f a paraxialray for a curved measuremenine with respecto SG.

The data-dened wavefield attributes can be relatedto the stackingvelocity and otherimportantseismic
attributes as, for instance the geometricalspreadingfactor or the projectedfirst Fresnelzone (see,e.g.,
Vieth, 2001). We explain how the stackingvelocitiesare obtainedfor reflectioneventsfrom picked CRS
attributeson arealdataexample.

Zero-offset CRS Stack for a curved measurement line

For the ZO case the threestackingparametersf the CRS stackingoperatorfor 2-D mediacanberelated
to wavefield attributes, if the nearsurfacevelocity in the vicinity of the coincidentsource/receer (in the
following denotedby SG)locationis available. Thesesttributesareassociateavith thetwo so-callechypo-
theticaleigenvaveswhich arethe normal-incidence-potn(NIP) wave andnormal(N) wave (Hubral,1983)
propagatingalong the ZO (normal) ray. The wavefield attributes are given by the emegenceangle 8 of
the eigenvaves andthe wavefrontcunaturesK,,, andKy,, respectrely, determinedat SG. If sourcesand
recevers are locatedon a curved measuremenine, the influenceof the topographyon the data-dered
attributeshave to betakeninto accounto properlyevaluatef, Ky, p, andKy. If we denotethe uncorrected
valuesof the threewavefield attributesderived from the data,i.e. the valuesbasedon the assumptiorof a
straightmeasuremeritne, by B*, K{,p, andKy thenthe correctvaluesf, Ky,p, andKy aregiven by the
following relations:

B=B-a, 1)
Kfip cOS"B* = Ky pCOS B — KscosB , (2
K cosB* =Ky cos B —KscosB, (3)

wherea denoteshedip andKgthelocal cunvatureof theseismidine atSG(seeFigurela).Bothparameters
areassumedo beknown. Pleasenote, K is positie if the curved measuremeriine falls below its tangent
atthe SG.Substitutingheserelationsin theZO CRSstackingoperator(asgiven,e.g.,by Mannetal., 1999)
yields

- sinB_ \? 2t, 25 , 2t 25 5
t° = t0+2—V Xm) +° (Kycos B KScosB)xm+—V (Kyipcos B—KgeosB)h?,  (4)
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wheret, is the ZO traveltime alongthe centralray andv denoteghe nearsurfacevelocity at SG. The offset
2h andmidpointxy, referto the projectionsof all shot-recaier pairsin directionof thesuriacenormalat SG
ontothetangenfatthis point (seeFigure1b).

High-resolution stacking velocity

TheZO CRSapproachusesatraveltimeformulalik e equation(4) asstackingoperatorThisformuladefines
a surfacein the multi-coveragepre-stackvolume. By variationof the parametershe operatoris fit to the

reflectioneventin thevicinity of aZO sample An accompaying coherencanalysisdeterminesheparam-
etersthatyield the bestfit operator To simulatethe amplitudeat the ZO sample the amplitudesalongthe

operatoraresummedup andassignedo respectire ZO sample.The resultof this procedurds thatthe ZO

samplecarriesthe following information: a stackvalue (summedamplitude),the parametewalues,anda

cohereng value.Of coursethelocationof actualreflectioneventsin the ZO sectionis unknavn. Therefore,
the proceduredescribedabove is appliedto a grid of ZO samplesThis yields a simulatedZO section,a

coherencesection,andthe CRS attribute sections By meansof the CRS attributesone can easily derive

a stackingvelocity section.In caseof a smoothlyvarying measuremensurface,the stackingvelocity is

expressedy

o 2v,

$ak T 1 (KyipcoF B — KgcosB)
In addition, sectionsfor the geometricalspreadingfactor and the projectedfirst Fresnelzone can be
calculatedwith the determinedattributes.

(®)

To identify actualreflectionevents,onecanconsideithe coherencandstacksectionsaswell asthein gen-
eralmetcontinuityof theparameteralongtheseavents.As muchmoretracesareusedduringthecohereng

analysisandfor the stackcomparedo, e.g.,the NMO/DMO/stack,the CRSattributesaremuchmoresta-
ble andreliable thanthe stackingvelocity obtainedfrom corventionalvelocity analysis.The picking, for

instancepf thestackingvelocityin the sectionis simplifiedwith the helpof thehigh-qualitycohereng sec-
tion which helpsto identify reflectionevents.Note thatevery ZO samplecarriesa stackingvelocity value
which leadsto a high horizontaland vertical resolutionof the stackingvelocity section.In Figure 2, we
shav anexampleof pickedstackingvelocitiesassociateavith areflectioneventin thesimulatedZO section
obtainedby theZO CRSStack.

Conclusions

We have introduceda new analytic moveoutformula for a curved measuremensurface which may find

applicationin avariety of seismicproblemsFurthermorewe presentedhow the CRSStackcanbe usedfor

velocity analysis.The stackingvelocity canbe calculatedvia CRSattributesobtainedasa "by-product” to

the simulatedZO section.The picking of stackingvelocitiesis guidedby a high-qualitycohereng section
whichimprovesthereliability of the picking procedure.
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Figure2: Upperpart: subsetof CRSstacled ZO section.Lower part: stackingvelocitiesalongthe strong
eventcrossingthe ZO sectionshavn in the upperpart.
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