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Summary

When a wave propagatesthrough a bed of thin layers it
gets dispersedand its reflection is accompaniedby wavelet
interference. These effects causeapparentAVA effects in
seismicreflectiondata.Dueto thebandlimitationof theseismic
data,theseAVA effectscannotbe removed. However, by the
application of generalizedinverse wave propagatorsand a
spatialbandlimitationfilter, theseeffectscanbeequalized.This
methodwasalreadytestedfor acousticinhomogeneousmedia.
We givehereanextensionof this methodto elasticmedia.This
extensionalsogeneralizesthetheory.

Intr oduction

The relationbetweenamplitudeversusoffset observed in seis-
mic dataandtheangledependentreflectivity in a targetzoneis
complicatedby many factors.Thesefactorscanbereflectionre-
lated(thin bedtuning, reflectorcurvature),propagationrelated
(geometricalspreading,transmissionor anelasticlosses)or ac-
quisition related(geophonecoupling,sourcereceiver directiv-
ity).

In this abstractwe will discussthe reflectionand propagation
relatedapparentAVA- (amplitudeversusangle)effectsdueto
elasticfine-layering.It is well known that the relationbetween
theAVA-effectsbecomescomplicatedwhenthelayerthickness
becomessmallerthanhalf the seismicwavelength[4]. These
fine-layeringeffectscannotbe removed dueto the bandlimita-
tion of the seismicwave. This meansthat the Zoeppritzequa-
tionsthatwill beappliedin theprocessof inversionwill predict
otherAVA behaviour.

To alleviate this problem,in [1, 8] methodsarediscussedthat
canequalizetheapparentAVA-behaviour in acousticmedia.In
this paperwe discussa generalizationof the methodto elastic
media.

Apparent AVA-effectsof fine-layering

TheapparentAVA-effectsdueto fine-layeringcanbesubdivided
into propagationrelatedeffects and reflection relatedeffects.
The propagationthrougha packageof thin layersis accompa-
nied by wavelet dispersion, the reflectionby wavelet interfer-
ence. Theseeffectscanbe viewed asseperatemechanismsas
canbeviewedin theformulationof theforwardmodel.

The plane wave reflection responseof a horizontal layered
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Theoperators
���@� arethegeneralizedprimaryprogrators[2, 5]

which describethe planewave transmissionresponsesof the
finely layeredmedium,including all internal reflections,caus-
ing dispersionhence,they accountfor the propagationrelated
apparentAVA-effectsof fine-layering.
The reflectionof a packageof thin layers is accompaniedby
wavelet interference,that dependson the angleas well. This
can be explained with the aid of Figure 1, where two plane
waves are shown that illuminate an acoustic medium with
two different angles. The circular frequency of thesewaves
is chosento be the same. The vertical wavelengthof these
waves is thereforedifferent and hencewe can concludethat
the mediumis measuredwith two differentgauges.Thus,the
interferenceeffectsaredifferent for distinct angles. Therefore
we have to make the vertical wavelengthconstantas can be
seein Figure 2, which meansthat for different illumination
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Fig. 1: Horizontallylayeredmedium:DifferentanglesD , sameangular
frequencyE
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Fig. 2: Horizontallylayeredmedium:DifferentanglesD , samevertical
wavelengthJ �
angleswe will usewaveswith different frequency content. It
hasto beremarkedthoughthatthis wavelengthcriterionhasno
meaningfor convertedwavesin elasticmedia. We have to use
ageneralizedcriterionthatwill beformulatedin thenext section.

Compensatingfor the fine-layering effects
Thefirst stepin trueamplitudemigrationis adownwardextrap-
olation. To compensatefor theangledependentdispersiondue
to fine-layering,generalizedprimary inversewave-propagators
[7] areusedin theredatumingstep��������
	���	,�K�5� �LM�� ����	��������	���� ���������	���(	���� �L !� ����	��������	����N-

(3)

Theoperator
�L @� is theinverseof

�� @� . Wapenaaret al. in [7]
discusshow to computethis inverseoperatorin astablemanner.
Weremarkagainthateachtermof thelatterequationis a .O/". -
matrix. Eachelement,seealsoequation(2), of the redatumed
matrix
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is imagedseperately.

Theactualimagingstepfor eachwave-conversiontypeis given
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The subscriptsd and
e

standfor the wavetype,which canbe
P or S. The factor W RTS U ����	��%� andthe limits of integration are
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Fromtheseequationswecanseethatthelimits of theintegration
varywith thewave-type,depthandray-parameter. Furthermore

np R definesthe d -wavevelocity. Optimallythis is theexactveloc-
ity, practicallyit is chosento bethemacro-modelvelocity. How
closenp R shouldbeto theactualvelocity is still underdiscussion.
Thewavenumbers

u�v
and

u(y
canbechosenarbitrarilyaslongas�5x

and
�5r

do not exceedthebandlimitsthataredefinedby the
inputsourcefor thespecificwavetype,givenby

) U �*��� .
As mentionedin theprevioussectionthedepthandangledepen-
dentlimits of integrationof equation(4) yield thatwe measure
themediumwith thesamegauge.For thesimplifiedsituationof
‘primariesonly’ anda homogeneousmacromodelvelocity, we
canprove, by substitutingequations(1) and(3) in (4), with the
new limits of integration,that

P 8Q !RTS U ����	$�(��V�� � ����\� �*��2��%��� 8Q !RTS U ����	$�%���,+(�%��	 (9)

or in theverticalwavenumberdomain
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�
� is abandpass-filterof theform�
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elsewhere.
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From theseequationswe canconcludethat the imagedreflec-
tivity section

P 8Q !RTS U ����	��%��V is a band-filteredversionof the true

reflectivity section 8Q !RTS U ����	��%� , since the imaged reflectivity
sectionis convolvedwith anangle-independentspatialwavelet� �*�%� . For this reasonthe apparentAVA-effectsdueto interfer-
encearecompensated.A secondnoteworthy aspectis that the
filter is of unit-amplitude.In [8] a completederivationof these
resultsis given.

Examples

In this section,we shall corroboratethe resultsof theprevious
sectionwith someexamples.In Figure3 theP-waveandS-wave
velocitiesareshown that areusedto modelthe planewave re-
flectionresponse.Thedensityin themediumis keptconstantat
a valueof . ���z� kg

w
m� . Theplanewave reflectionresponseof

eachspecificconversiontype,includingall multiple reflections,
is shown in the � 2f� domainin Figure4. This result is gen-
eratedby an elasticreflectivity method. It shouldbe remarked
that, sincewe usedflux-normalizedoperators,the SPsections
equalPSsectionsandthereforeareomitted. The bandlimited
reflectivity, computedfrom the well-log, is shown in Figure5.
This sectionservesasa referencesectionfor our migrationex-
periments.
Thereflectivity imageof amigrationtakinginto accounttheef-
fectsof the fine layeringis shown in Figure6 (the reflectivity
imageof anormalmigrationis notdisplayed).Themacromodel
velocity np R thatis usedto replacethetruevelocityin theimaging
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Fig. 3: P- andS-wavevelocitiesusedin theforward modellingscheme,
with smoothedlogsthatserveasbackgroundmodelin theimagingstep.

step(eqns. (4-8)) is shown in Figure3. In Figure7 the differ-
encesin the reflectivity imagesof a normalmigrationandthe
migrationof Figure6 with thereferencesectionof Figure5 are
plotted.Wecanconcludethatthelattersectioncontainslessdif-
ferenceswith thereferencesection,thusthattheapparent,prop-
agationandreflectionrelatedAVA-effectsarecompensated.

Conclusions

We have discussedanextensionto theelasticcaseof a method
that compensatesfor the propagationrelatedandreflectionre-
latedapparentAVA-effects. This methodwasalreadyproven,
within the context of the usedmodellingmethod,for acoustic
mediain oneandtwo dimensions.In this paper, we have given
anextensionof this methodto elasticmedia.By applicationof
thegeneralizedinverseelasticwave-propagatorswe have taken
into accountall angledependentdispersion,i.e. thepropagation
relatedeffects.Furthermore,wehaveshown thattheimagingin
elasticmediawith varyingfrequency limits yieldsabandfiltered
versionreflectivity with no apparentangledependenceinduced
by themigration.In thiswaytheeffectsof interferencearecom-
pensated.

Points of interest in the future will be the sensitivity of the
methoddueto errorsin theestimatedbackgroundvelocity and
theapplicationof themethodto realfield examples.
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Fig. 4: Planewavereflectionresponseof � �;<;#� � �;<=<� � �=(= includingall

internal multiples; � �;<= equals� �;<= becauseof theflux-normalization
andis thereforeomitted.
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Fig. 5: Bandlimitedreflectivitysections,whichserveasa referencefor
themigrationexperiments.



Impr ovedAVA imaging

0 0.5 1 1.5 2 2.5 3
x 10−4

0

100

200

300

400

0 0.5 1 1.5 2 2.5 3
x 10−4

0

100

200

300

400

0 0.5 1 1.5 2 2.5 3
x 10−4

0

100

200

300

400

PSfragreplacements

�� � �$�
p-value[s/m]

de
pt

h[
m

]

�� � �'�
de

pt
h[

m
]

�� � �'�
de

pt
h[

m
]

Fig. 6: Reflectivitysectionsin the  <¡K¢ domainasa resultofa migration
with generalizedoperatorsandwith a fixedspatialbandwith
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