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1 Summary

We overcomethelimitationsof conventionalMVA in regionsof high wave�eld complexity (subsalt)
usinga wave-equationmigrationvelocity analysistechnique(Sava andBiondi, 2004a,a),andillus-
trateit on a realisticsyntheticsalt-domedataset.We modelsubsaltpropagationby implicitly using
wavepathscreatedusingone-way wave�eld extrapolation.Thosewavepathsaremuchmoreaccurate
androbust thanbroadbandrays,sincethey inherit thefrequency dependenceandmultipathingof the
underlyingwave�eld. We formulatethe objective function for our optimizationin the imagespace
by relatingan imageperturbationto a perturbationof the velocity model. The imageperturbations
arede�ned using linearizedprestackresidualmigration, thusensuringstability relative to the �rst-
orderBorn approximationassumptions.Numericexamplesdemonstratethatwave-equationMVA is
aneffectivetool for subsaltvelocityanalysis,evenwhenshadowsandilluminationgapsarepresent.

2 Intr oduction

Depthimagingof complex structuresdependson the quality of the velocity model. However, con-
ventionalMigration Velocity Analysis (MVA) proceduresoften fail whenthe wave�eld is severely
distortedby lateralvelocity variationsandthuscomplex multipathingoccurs.Imagingunderrugged
saltbodiesis animportantcasewhenray-basedMVA methodsarenot reliable.Wave-equationMVA
(Biondi andSava,1999;SavaandFomel,2002;SavaandBiondi, 2004a,b)is basedonwave�eld con-
tinuationmethodsandhasthepotentialof overcomingtheselimitationsof ray-basedMVA methods.
In this paper, we presentan applicationof WEMVA to Sigsbee2A, a realisticandchallenging2-D
syntheticdatasetcreatedby theSMAART JV (Paffenholzetal., 2002).

A practicaldif�culty encounteredwhenusingraysto estimatevelocity below saltbodieswith rough
boundariesis the instability of ray tracing. Roughsalt topographiescreatepoorly illuminatedareas,
or evenshadow zones,in thesubsaltregion. Thespatialdistributionsof thesepoorly illuminatedareas
is verysensitive to thevelocity function.Therefore,it is oftenextremelydif�cult to tracetheraysthat
connecta givenpoint in thepoorly illuminatedareaswith a givenpoint at thesurface(two-pointray-

Figure 1: Wavepaths illustrating
the complexity of wave propagation
throughroughsaltbodies.



tracing). Furthermore,raysarea poorapproximationsof theactualwavepathswhena band-limited
seismicwavepropagatesthrougharugosetopof thesalt.Wave�eld-extrapolationmethodsarerobust
with respectto shadow zonesandprovidewavepathsusablefor velocity inversion(Figure1).

The limited anduneven “illumination” of both the re�ectivity modelandthe velocity model in the
subsaltregion is a challengingproblemfor both WEMVA and conventionalray-basedMVA. The
angularrangedrasticallyshrinksin Angle DomainCommonImageGathers(ADCIGs) for subsalt
re�ectors. This phenomenonis causedby a lack of obliquewavepathsin thesubsaltanddeteriorates
the“sampling”of thevelocityvariations.

3 Exampleof WEMVA applied to a subsaltdata set

For our example,we concentrateon thelower partof themodel,simulatea commonsubsaltvelocity
analysissituationwhentheshapeof thesalt is known, but thesmoothlyvaryingslownesssubsaltis
not known. Figure2 highlightsseveral characteristicsof this modelwhich make it challengingfor
migrationvelocity analysis.Most of themarerelatedto thecomplicatedwavepathsin thesubsurface
underroughsalt bodies. Firstly, the angularcoverageundersalt (x > 11 km) is muchsmallerthan
in thesedimentarysectionuncoveredby salt(x < 11 km). Secondly, thesubsaltregion is markedby
many illumination gapsor shadow zones,themoststriking beinglocatedat x D 12 andx D 19 km.
Velocityanalysisin suchareasis lessconstrainedthanin thewell illuminatedzones.

We �rst migratingthedatawith thebackgroundslowness(Figure2). Thetop paneldepictsthezero
offsetof theprestackmigratedimage,andthebottompaneldepictsADCIGs at equallyspacedloca-
tions in the image. Sincethe migrationvelocity is incorrect,the imageis lesswell focusedandthe
anglegathersshow signi�cant moveout. Furthermore,the diffractorsat depthsz D 7.5 km, andthe
fault at x D 15km aredefocused.

As describedin SavaandBiondi (2004a,b),werunprestackStolt residualmigrationfor variousvalues
of thevelocity ratioparameter� between0.9and1.6,which ensuresthatwespana fairly wide range
of thevelocity space.Althoughresidualmigrationoperateson theentireimageat once,for display
purposeswe extractonegatherat x D 10 km. Figure3 shows at thetop theADCIGs for all velocity
ratiosandat thebottomthesemblancepanelscomputedfrom theADCIGs. We pick themaximum
semblanceat all locationsandall depthstogetherwith an estimateof the reliability of every picked
valuewhich weuseasa weightingfunctionon thedataresidualsduringinversion.

Basedon thepickedvelocity ratio,we computelinearizeddifferentialimageperturbationsandinvert
for theslownessperturbation(SavaandBiondi, 2004a,b).Finally, weupdatetheslownessmodeland
remigratethedata(Figure4). There�ectorsarepushedbackto theircorrectpositions,thediffractorsat
zD 7.5km arefocusedandtheADCIGsare�atter thanin thebackgroundimage,indicatingimproved

Figure 2: Migration with the back-
groundslowness. Thezerooffsetof
theprestackmigratedimage(top)and
angle-domaincommonimagegathers
at equallyspacedlocationsin theim-
age (bottom). Each ADCIG corre-
spondsroughly to the location right
above it.
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Figure 3: Residualmigration for a
CIG at x D 10 km. The top
paneldepictsangle-domaincommon-
imagegathersfor all valuesof theve-
locity ratio,andthebottompanelde-
pictssemblancepanelsusedfor pick-
ing. All gathersarestretchedto elim-
inate the vertical movement corre-
spondingto different migration ve-
locities. The overlain line indicates
thepickedvaluesat all depths.

imagequality.

Figures5-6 show a moredetailedanalysisof the resultsof our inversiondisplayedasADCIGs at
variouslocationsin the image. In each�gure, the panelscorrespondto migrationwith the correct
slowness(left), thebackgroundslowness(center),andtheupdatedslowness(right). Figure5 corre-
spondsto an ADCIG at x D 10 km, in the region with illumination gaps,which areclearly visible
on thestrongre�ector at z D 9 km at a scatteringangleof about20� . Thegapsarepreserved in the
ADCIG from the imagemigratedwith the backgroundslowness,but the moveoutsarestill easyto
identify andcorrect. Figure6 correspondsto an ADCIG at x D 12 km, in a region which is hardly
illuminatedatall. Thus,thisADCIG is muchnoisierandthemoveoutsareharderto identify andmea-
sure,yet we canstill recover an imagewhich is reasonablysimilar to theoneobtainedby migration
with thecorrectslowness.

A simplevisualcomparisonof themiddlepanelswith theright andleft panelsin Figures5-6unequiv-
ocally demonstratesthatour WEMVA methodovercomesthe limitations relatedto the linearization
of the wave equationby using the �rst-order Born approximation. The imagesobtainedusing the
initial velocitymodel(middlepanels)areverticallyshiftedby severalwavelengthswith respectto the
imagesobtainedusingthetruevelocity (left panels)andtheestimatedvelocity (right panels).

4 Conclusions

We demonstratethatWave-EquationMigrationVelocity Analysis(WEMVA) overcomesmany of the
problemsencounteredby ray-basedMVA methodswhenestimatingvelocity undersalt. We illus-

Figure4: Migration with theupdated
slowness. The zero offset of the
prestackmigrated image (top) and
angle-domaincommonimagegathers
at equallyspacedlocationsin theim-
age (bottom). Each ADCIG corre-
spondsroughly to the location right
above it.
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Figure 5: Angle-domaincommon-
imagegathersat x D 10 km. Each
panelcorrespondsto a different mi-
gration velocity: migration with the
correctvelocity (left), migrationwith
the backgroundvelocity (center)and
migration with the updatedvelocity
(right).

tratewith numericalexamplesthat wavepathscomputedby wave�eld extrapolationarerobust with
respectto shadow zones,andthey modelthe �nite-frequency wave propagationthat occursin such
environmentsbetterthanraysdo. We demonstratethat velocity errorscanbe effectively measured
by residualmigrationscans.Thesescansprovide usefulvelocity informationalmostin all the sub-
saltareas,thoughthereliability of thesemeasurementsdecreaseswherepoorilluminationdrastically
deterioratesthequality of ADCIGs.

5 REFERENCES

Biondi, B., andSava,P., 1999,Wave-equationmigrationvelocityanalysisin 69thAnn. Internat.Mtg.
Soc.of Expl. Geophys.,1723–1726.

Paffenholz,J., McLain, B., Zaske, J., andKeliher, P., 2002,Subsaltmultiple attenuationandimag-
ing: Observationsfrom theSigsbee2Bsyntheticdatasetin 72ndAnn. Internat.Mtg. Soc.of Expl.
Geophys.,2122–2125.

Sava,P., andBiondi, B., 2004a,Wave-equationmigrationvelocity analysis—I:Theory:Geophysical
Prospecting,submittedfor publication.

—, 2004b,Wave-equationmigrationvelocityanalysis—II:Examples:GeophysicalProspecting,sub-
mittedfor publication.

Sava, P., andFomel,S., 2002,Wave-equationmigrationvelocity analysisbeyond theBorn approxi-
mationin 72ndAnn. Internat.Mtg. Soc.of Expl. Geophys.,2285–2288.

Figure 6: Angle-domaincommon-
imagegathersat x D 12 km. Each
panelcorrespondsto a different mi-
gration velocity: migration with the
correctvelocity (left), migrationwith
the backgroundvelocity (center)and
migration with the updatedvelocity
(right).
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