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Summary

When a wave propagatesthrough a bed of thin layers it
gets dispersedand its reflectionis accompaniedy wavelet
interference. These effects causeapparentAVA effects in
seismicreflectiondata.Dueto the bandlimitationof the seismic
data,theseAVA effects cannotbe removed. However, by the
application of generalizedinverse wave propagatorsand a
spatialbandlimitationfilter, theseeffectscanbe equalized This
methodwas alreadytestedfor acousticinhomogeneoumedia.
We give hereanextensionof this methodto elasticmedia. This
extensionalsogeneralizeshetheory

Intr oduction

Therelation betweenamplitudeversusoffset obsered in seis-
mic dataandthe angledependenteflectvity in atargetzones
complicatedby mary factors.Thesefactorscanbereflectionre-
lated (thin bedtuning, reflectorcurvature),propagatiorrelated
(geometricakpreadingtransmissioror anelastidosses)r ac-
quisition related(geophonecoupling, sourcerecever directiv-

ity).

In this abstractwe will discussthe reflectionand propagation
relatedapparent AVA- (amplitudeversusangle)effectsdueto
elasticfine-layering.It is well known thatthe relationbetween
the AVA-effectsbecomesomplicatedvhenthe layerthickness
becomessmallerthan half the seismicwavelength[4]. These
fine-layeringeffects cannotbe removed dueto the bandlimita-
tion of the seismicwave. This meansthatthe Zoeppritzequa-
tionsthatwill beappliedin the procesf inversionwill predict
otherAVA behaviour.

To alleviate this problem,in [1, 8] methodsare discussedhat
canequalizethe appareniAVA-behaviour in acoustianedia. In
this paperwe discussa generalizatiorof the methodto elastic
media.

Apparent AVA-effectsof fine-layering

TheapparenAVA-effectsdueto fine-layeringcanbesubdvided
into propagationrelatedeffects and reflection related effects.
The propagatiorthrougha packageof thin layersis accompa-
nied by wavelet dispersion the reflectionby wavelet interfer-
ence Theseeffects canbe viewed as seperatanechanismss
canbeviewedin theformulationof theforwardmodel.

The plane wave reflection responseof a horizontal layered

medium,includingall internalmultiplescanbe written as
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All boldfacedtermsin this formulation are 2 x 2-matrices,
whereeachelementdenotesa specificcorversion. For exam-
ple, f’—(p, z0,w) representshe decomposednulticomponent
reflectiondataat the surfacezo in thep — w domainandis de-

finedby
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Theoperator§7V3= arethegeneralizegbrimaryprogratorg2, 5]

which describethe planewave transmissiorresponse®f the
finely layeredmedium,including all internalreflections,caus-
ing dispersionhence they accountfor the propagatiorrelated
apparenfAVA-effectsof fine-layering.

The reflectionof a packageof thin layersis accompaniedy

wavelet interference that dependon the angleaswell. This
can be explained with the aid of Figure 1, wheretwo plane
waves are shavn that illuminate an acoustic medium with

two different angles. The circular frequeng of thesewaves
is chosento be the same. The vertical wavelengthof these
waves is thereforedifferent and hencewe can concludethat
the mediumis measuredvith two differentgauges.Thus,the
interferenceeffects are differentfor distinct angles. Therefore
we have to makethe vertical wavelengthconstantas can be
seein Figure 2, which meansthat for differentillumination
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Fig. 1: Horizontallylayeredmedium:Differentangless, sameangular
frequencyw
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Fig. 2: Horizontallylayeredmedium:Differentanglesg, samevertical
wavelength ,

angleswe will usewaveswith differentfrequeng content. It
hasto be remarkedhoughthatthis wavelengthcriterionhasno
meaningfor corvertedwavesin elasticmedia. We have to use
ageneralizedriterionthatwill beformulatedn thenext section.

Compensatingfor the fine-layering effects

Thefirst stepin trueamplitudemigrationis adownwardextrap-
olation. To compensatéor the angledependentlispersiordue
to fine-layering,generalizedrimary inversewave-propagators
[7] areusedin theredatumingstep

13_(}77 z,w) = 1~7‘g_(p7 z; 20, w)f’_(p, Zo, w)f‘;'(p, 2052, w).
(3

Theoperatorf?‘;t is theinverseof V~V;t Wapenaaetal. in [7]
discusshow to computethisinverseoperatoiin a stablemanner
We remarkagainthateachtermof thelatterequations a2 x 2-
matrix. Eachelement,seealsoequation(2), of the redatumed
matrix P~ (p, z, w) is imagedseperately
Theactualimagingstepfor eachwave-corversiontypeis given
by

(0.2) wu(p,Z)p+( )
~ R Ca P,z a,B b, z,w
R+ — BAP, 2 R >
(B st} = 220 [ ZesB g,
wi (p,2)
a,B=SP. (4

The subscriptse and 8 standfor the wavetype,which canbe
P or S. The factor C,,s(p, z) andthe limits of integration are
definedas

Ly = s ba(p,z)  cosds(p, z)
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Fromtheseequationsve canseethatthelimits of theintegration
vary with thewave-type,depthandray-parameter~urthermore

¢ defineghea-wavevelocity. Optimallythisis theexactveloc-
ity, practicallyit is choserto bethe macro-modeVelocity. How
closec, shouldbeto theactualvelocityis still underdiscussion.
Thewavenumberg:; andk,; canbechoserarbitrarilyaslongas
wy, andw; do not exceedthe bandlimitsthataredefinedby the
inputsourcefor the specificwavetype givenby Ss(w).

As mentionedn theprevioussectionthedepthandangledepen-
dentlimits of integrationof equation(4) yield thatwe measure
themediumwith the samegauge For the simplifiedsituationof
‘primariesonly’ anda homogeneoumacromodelvelocity, we
canprove, by substitutingequationq1) and(3) in (4), with the
new limits of integration,that

(R (. 2)) = / bz — )BE (p ) (@)

or in theverticalwavenumbeidomain

(RY (p k=) = b(k=)RYE 5(p, k), (10)
wherel is abandpass-filteof theform
v 1 fork ks < ka,
B(k.) = orky < |kz| < k2 (11)
’ 0 elsevhere.

From theseequationswe can concludethat the imagedreflec-
tivity section(f%jﬁ(p, z)) is a band-filteredversionof the true
reflectiity section R} s(p, z), since the imaged reflectvity

sectionis corvolvedwith an angle-independergpatialwavelet
b(z). For this reasorthe appareniAVA-effectsdueto interfer

enceare compensatedA secondnotevorthy aspects thatthe
filter is of unit-amplitude.In [8] a completederivation of these
resultsis given.

Examples

In this section,we shall corroboratethe resultsof the previous
sectionwith someexamples.In Figure3 theP-wave andS-wave
velocitiesare shovn that areusedto modelthe planewave re-
flectionresponseThedensityin themediumis keptconstantt
avalueof 2000 kg/m®. The planewave reflectionresponsef
eachspecificconversiontype,includingall multiple reflections,
is shawvn in the 7 — p domainin Figure4. This resultis gen-
eratedby an elasticreflectvity method. It shouldbe remarked
that, sincewe usedflux-normalizedoperatorsthe SP sections
equalPS sectionsandthereforeare omitted. The bandlimited
reflectvity, computedfrom the well-log, is shavn in Figure5.
This sectionsenesasa referencesectionfor our migrationex-
periments.

Thereflectvity imageof a migrationtakinginto accounthe ef-
fectsof the fine layeringis shavn in Figure6 (the reflectiity
imageof anormalmigrationis notdisplayed).Themacromodel
velocitye, thatis usedto replacehetruevelocityin theimaging
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Fig. 3: P- and S-wavevelocitiesusedin theforward modellingscheme,
with smoothedogsthat serveasbadgroundmodelin theimagingstep.
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step(eqgns. (4-8)) is shavn in Figure3. In Figure7 the differ-
encesin the reflectvity imagesof a normalmigrationandthe
migrationof Figure6 with the referencesectionof Figure5 are
plotted.We canconcludethatthelattersectioncontaindessdif-
ferencesvith thereferencesection thusthattheapparentprop-
agationandreflectionrelatedAVA-effectsarecompensated.

Conclusions

We have discussedn extensionto the elasticcaseof a method
that compensatefr the propagatiorrelatedand reflectionre-
lated apparentAVA-effects. This methodwas alreadyproven,
within the context of the usedmodelling method,for acoustic
mediain oneandtwo dimensions.In this paper we have given
anextensionof this methodto elasticmedia. By applicationof
the generalizednverseelasticwave-propagators/e have taken
into accountall angledependendispersionj.e. the propagation
relatedeffects. Furthermorewe have shovn thattheimagingin
elasticmediawith varyingfrequengy limits yieldsa bandfiltered
versionreflectivity with no apparenangledependencenduced
by themigration.In thiswaytheeffectsof interferencearecom-
pensated.

Pointsof interestin the future will be the sensitvity of the
methoddueto errorsin the estimatedbackgroundvelocity and
theapplicationof themethodto realfield examples.
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