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1 Summary

We overcomethe limitations of conventionalMVA in regionsof highwave eld compleity (subsalt)
using a wave-equatiormigrationvelocity analysistechnique(Sava and Biondi, 2004a,a) andillus-
trateit on arealisticsyntheticsalt-domedataset.We modelsubsaltpropagatiorby implicitly using
wavepathscreatedusingone-way wave eld extrapolation.Thosewavepathsaremuchmoreaccurate
androbustthanbroadbandays,sincethey inherit the frequeny dependencandmultipathingof the
underlyingwave eld. We formulatethe objectve function for our optimizationin the imagespace
by relatinganimage perturbationto a perturbationof the velocity model. The imageperturbations
arede ned usinglinearizedprestackresidualmigration, thus ensuringstability relative to the rst-
orderBorn approximatiorassumptionsNumericexamplesdemonstratéhat wave-equatiorMVA is
aneffective tool for subsaltvelocity analysis gvenwhenshadavs andillumination gapsarepresent.

2 Intr oduction

Depthimaging of complec structuresdependon the quality of the velocity model. However, con-
ventionalMigration Velocity Analysis (MVA) proceduresften fail whenthe wave eld is severely
distortedby lateralvelocity variationsandthuscomplex multipathingoccurs.Imagingunderrugged
saltbodiesis animportantcasewhenray-basedMVA methodsarenot reliable. Wave-equatioMVA

(Biondi andSava, 1999;SavaandFomel,2002;SavaandBiondi, 2004a,b)s basednwave eld con-

tinuationmethodsandhasthe potentialof overcomingtheselimitations of ray-basedVVA methods.
In this paper we presentan applicationof WEMVA to Sigsbee?A, a realisticandchallenging2-D

syntheticdatasetcreatedoy the SMAART JV (Paffenholzetal., 2002).

A practicaldif culty encountereadvhenusingraysto estimatevelocity belov saltbodieswith rough
boundariess the instability of ray tracing. Roughsalttopographiesreatepoorly illuminatedareas,
or evenshadav zonesjn thesubsalregion. Thespatialdistributionsof thesepoorlyilluminatedareas
is very sensitve to the velocity function. Thereforeijt is oftenextremelydif cult to tracetheraysthat
connecta givenpointin the poorly illuminatedareaswith a givenpoint at the surface(two-pointray-

Figure 1: Wavepaths illustrating
the complity of wave propagation
throughroughsaltbodies.
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tracing). Furthermoreyaysarea poor approximationf the actualwavepathswvhena band-limited
seismicwave propagateghrougharugosetop of the salt. Wave eld-extrapolationrmethodsarerobust
with respecto shadev zonesandprovide wavepathausablefor velocity inversion(Figurel).

The limited and uneven “illumination” of both the re ectivity modelandthe velocity modelin the

subsaltregion is a challengingproblemfor both WEMVA and corventionalray-basedVVA. The

angularrangedrasticallyshrinksin Angle Domain Commonimage Gathers(ADCIGS) for subsalt
re ectors. This phenomenoiis causedy a lack of obliqguewavepathsn the subsaltanddeteriorates
the“sampling” of the velocity variations.

3 Example of WEMVA applied to a subsaltdata set

For our example,we concentrat®n the lower partof the model,simulatea commonsubsaltvelocity
analysissituationwhenthe shapeof the saltis known, but the smoothlyvarying slovnesssubsaltis
not known. Figure?2 highlights several characteristicef this modelwhich make it challengingfor
migrationvelocity analysis.Most of themarerelatedto the complicatedvavepathan the subsuréce
underroughsaltbodies. Firstly, the angularcoverageundersalt (x > 11 km) is muchsmallerthan
in the sedimentangectionuncoveredby salt(x < 11 km). Secondlythe subsaltregion is marked by
mary illumination gapsor shadev zones the moststriking beinglocatedat x D 12 andx D 19 km.
Velocity analysisgn suchareagss lessconstrainedhanin thewell illuminatedzones.

We rst migratingthe datawith the backgroundslonness(Figure?2). Thetop paneldepictsthe zero
offsetof the prestackmigratedimage,andthe bottompaneldepictsADCIGs at equallyspacedoca-
tionsin theimage. Sincethe migrationvelocity is incorrect,the imageis lesswell focusedandthe
anglegathersshav signi cant moveout. Furthermorethe diffractorsat depthsz D 7.5 km, andthe
faultatx D 15km aredefocused.

As describedn SavaandBiondi (2004a,b)we run prestackStoltresiduaimigrationfor variousvalues
of thevelocity ratio parameter betweer0.9and1.6,which ensureshatwe spanafairly wide range
of the velocity space.Although residualmigrationoperaten the entireimageat once,for display
purposesve extractonegatherat x D 10 km. Figure3 shavs atthetop the ADCIGs for all velocity
ratiosandat the bottomthe semblancganelscomputedirom the ADCIGs. We pick the maximum
semblancet all locationsandall depthstogethemwith an estimateof the reliability of every picked
valuewhich we useasa weightingfunctionon the dataresidualsiduringinversion.

Basedon the picked velocity ratio, we computelinearizeddifferentialimageperturbationsandinvert
for the slownessperturbationSava andBiondi, 2004a,b) Finally, we updatethe slovnessmodeland
remigratehedata(Figure4). There ectorsarepushedackto theircorrectpositions thediffractorsat
zD 7.5km arefocusedandthe ADCIGs are atter thanin thebackgroundmage,indicatingimproved

Figure 2: Migration with the back-
groundslowness. The zerooffsetof

theprestacknigratedmage(top) and
angle-domaitommonimagegathers
atequallyspacedocationsin theim-

age (bottom). Each ADCIG corre-
spondsroughly to the location right

aboveit.
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Figure 3: Residualmigration for a

CIG at x D 10 km. The top :
paneldepictsangle-domaicommon- ¢
imagegatherdor all valuesof theve-

locity ratio, andthe bottompanelde-

pictssemblancganelsusedfor pick-

ing. All gathersarestretchedo elim-

inate the vertical movement corre-
spondingto different migration ve-

locities. The overlain line indicates
thepickedvaluesatall depths.
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imagequality.

Figures5-6 shav a more detailedanalysisof the resultsof our inversiondisplayedas ADCIGs at
variouslocationsin the image. In each gure, the panelscorrespondo migrationwith the correct
slowness(left), the backgroundslowvness(center),andthe updatedslowness(right). Figure5 corre-
spondsto an ADCIG at x D 10 km, in the region with illumination gaps,which are clearly visible
on the strongre ector at z D 9 km at a scatteringangleof about20 . The gapsarepreseredin the
ADCIG from the imagemigratedwith the backgroundslowness,but the moveoutsarestill easyto
identify andcorrect. Figure6 correspond$o an ADCIG at x D 12 km, in aregion which is hardly
illuminatedatall. Thus,this ADCIG is muchnoisierandthe moveoutsareharderto identify andmea-
sure,yet we canstill recorer animagewhich is reasonablysimilar to the oneobtainedby migration
with the correctslowness.

A simplevisualcomparisorof themiddle panelswith theright andleft panelsn Figures5-6 unequv-
ocally demonstratethat our WEMVA methodovercomeghe limitations relatedto the linearization
of the wave equationby usingthe rst-order Born approximation. The imagesobtainedusing the
initial velocity model(middle panels)arevertically shiftedby severalwavelengthswith respecto the
imagesobtainedusingthetruevelocity (left panels)andthe estimated/elocity (right panels).

4 Conclusions

We demonstratéhat Wave-EquatiorMigration Velocity Analysis(WEMVA) overcomesnary of the
problemsencounteredy ray-basedM\VA methodswhen estimatingvelocity undersalt. We illus-

Figure4: Migration with the updated
slowness. The zero offset of the
prestack migrated image (top) and
angle-domaitommonimagegathers
atequallyspacedocationsin theim-

age (bottom). Each ADCIG corre-
spondsroughly to the location right

aboveit.
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Figure 5: Angle-domain common-
imagegathersat x D 10 km. Each
panelcorrespondgo a different mi-
gration velocity: migration with the
correctvelocity (left), migrationwith
the backgroundvelocity (center)and
migration with the updatedvelocity

(right).
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trate with numericalexamplesthat wavepathscomputedby wave eld extrapolationare robust with
respectto shadov zones,andthey modelthe nite-frequency wave propagatiorthat occursin such
ernvironmentsbetterthanraysdo. We demonstratéhat velocity errorscanbe effectively measured
by residualmigration scans. Thesescansprovide usefulvelocity informationalmostin all the sub-
saltareasthoughthereliability of thesemeasurementdecreasewherepoorillumination drastically
deteriorateshe quality of ADCIGs.
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Figure 6: Angle-domain common-
imagegathersat x D 12 km. Each
panel correspondgo a different mi-
gration velocity: migration with the
correctvelocity (left), migrationwith
the backgroundvelocity (center)and
migration with the updatedvelocity

(right).
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