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SUMMARY

We proposea methodfor estimatinginterval velocity usingkine-
maticinformationin diffractions. We extractvelocity information
aftermigrationby analyzingresidualdiffraction focusingin phys-
ical spaceusing prestackresidualmigration. We invert for inter-
val velocity usinga wave eld-continuationoperatodinking veloc-
ity perturbationgo perturbation®f migratedimages.We measure
theaccurag of themigrationvelocity usinga diffraction-focusing
criterion, insteadof the criterionof atnessof migratedcommon-
image gathersthatis commonlyemplo/ed in Migration Velocity
Analysis (MVA). This criterion enablesus to extract velocity in-
formationfrom eventsthatwould be challengingto usewith con-
ventionalMVA methodsandthusit makesour methoda powerful
complemento conventionalMVA.

INTRODUCTION

Migration velocity analysisMVA) usingdiffractedeventsis nota
new conceptHarlan(1986)proposesnethodgo isolatediffraction
events aroundfaults using statisticaltools, and introducesMVA
techniquesapplicableto simplegeology e.g. constantvelocity or
v(2). Similarly, de Vries and Berkhout(1984)usethe conceptof
minimum entropy to evaluatediffraction focusingand apply this
methodologyto MVA. Soellnerand Yang (2002) usefocusingof
diffractionssimulatedusingdata-denedparameter$o estimaten-
tenal velocities. Khaidulov et al. (2004) proposemethodsto iso-
late diffractedenegy from the seismicdatawhich canbe usedas
velocity analysisndicators.

Sava and Biondi (2004a,b)introducea methodof wave-equation
migrationvelocity analysigfWEMVA), which nds aslovnesser
turbationcorrespondingo animageperturbation.This methodol-
ogyis similarto ray-basednigrationtomographyAl-Y ahya,1989;
Stork, 1992; Etgen,1993),wherethe slovnessperturbations de-
rivedfrom deptherrors,andto wave-equatiortomography(Taran-
tola, 1986;Woodward, 1992;Pratt,1999)wherethe slovnessper
turbationis dervedfrom measureavave eld perturbations.

The moveoutinformationgiven by the specularenepy is not the

only informationcontainedy animagemigratedwith anincorrect
slovness. Non-speculadiffractedenegy is presentn theimage
andindicatesslovnessnaccuraciesTraveltime-based VA meth-
odscannoteasilydealwith the diffraction enegy, andaremostly
concernedvith moveoutanalysis.In contrastadifferencebetween
aninaccuratémageanda perfectlyfocusedtargetimagecontains
both specularandnon-speculaenegy; thereforeWEMVA s nat-

urally ableto derive velocity updatesasedon both thesetypesof

information.

Onepossibleapplicationof this techniqudn seismicimagingcon-
cernsareaswith abundant,clearly identi able diffractions. Ex-
amplesinclude highly fracturedreserwirs, carbonatereserwirs,
roughsaltbodiesandreserwirswith complicatedstratigraphidea-
tures. Of particularinterestis the caseof saltbodies.Diffractions
can help estimatemore accuratevelocitiesat the top of the salt,
particularlyin the casesof rough saltbodies. Moreover, diffrac-
tion enegy maybethemostsensitve velocityinformationwe have
from underthesalt,sincemostof there ected enegy we recordat
the surfacehasonly a narrav rangeof anglesof incidenceat the
re ector, renderingthe analysisof moveoutambiguous.

WEMVA THEORY

Imaging by wave eld extrapolation(WE) is basedon recursve
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Figure 1: Zero-ofset syntheticdatausedfor focusingmigration
velocity analysis.

continuationof the wave elds (U) using an extrapolationopera-
tor (E):
Uxc1:DEz Uz . (1)

At ary depthz, thewave eld (8 ), extrapolatedhroughthe back-
groundmediumcharacterizedby the backgroundvelocity (3), in-
teractswith mediumperturbationg1 s) andcreatesvave eld per
turbations(1 V):

1V,DS, 8, 1s; . 2

Sis a scatteringoperatorrelatingslownessperturbationgo wave-
eld perturbationsThetotalwave eld perturbatioratdepthzC 1 z
is the sum of the perturbationaccumulatedup to depthz from
all depthsabove (1 U ), plus the scatteredvave eld from depth
(1 V) extrapolatecbnedepthstep(1 z):

1Ux,1,DE; 1U; CE; S; B, 1s; . (3)

We canusethe recursve equation(3) to computeawave eld per
turbation,given a precomputedbackgroundvave eld anda slow-
nessperturbation.Fromthe wave eld perturbation(1 U), we can
computeanimageperturbation(1 R) by applyinganimagingcon-
dition,1 R D 11 U. If we accumulatell scatteringextrapolation
andimaging into a single operatorwe canwrite a linear expres-
sionrelatinganimageperturbation(1 R) to a slovnessperturba-
tion(1s):

1R DL1s. 4)

For wave-equatiommigrationvelocity analysiswe useequation(4)
to estimatea perturbatiorof the slovnessmodelfrom a perturba-
tion of the migratedimageby minimizing the objective function
J(1s)DjiW(@R L1s)ji2C ZjjALsjj?. (5)
A canbearegularizationoperatorwhich penalizegoughfeatures
of themodel,W is aweightingoperatorelatedto theinverseof the
datacovariancejndicatingthereliability of the dataresidualsand

is a scalarparametemhich balanceghe relatve importanceof
thedataresidualW (1 R L1 s), andthemodelresidual (Al s).
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Figure2: Zero-ofsetmigratedimagefor the syntheticdatain Fig-
urel: velocitymodel(a),andmigratedimage(b). Migration using
theinitial v(z) velocity model.

An essentiaklementof our velocity analysismethodis theimage
perturbation, 1 R. For the purpose®f the optimizationproblem
in equation(5), this is objectis known andhasto be precomputed,
togethemwith the backgroundvave eld usedby theoperatorL .

A simpleway to de ne theimageperturbation(1 R) is to take the
image obtainedwith the backgroundslovnessandimprove it by
applyinganimageenhancemerdperator In principle,bothfocus-
ing in space(alongthe midpoint axis) and focusingin offset are
velocity indicators andthey shouldbe usedtogetherto achieve the
highestaccurag. Here,we emphasizenigrationvelocity analysis
usingonly focusingof diffractionsalongthe spatialaxes.

We useprestackStolt residualmigration(Stolt, 1996; Sava, 2003)
asthe imageenhancemenpperator(K). This residualmigration
operatorappliedto thebackgroundmagecreatesiew imagegR ),
functionsof a scalarparamete( ), which representsheratio of a
new slowvnessmodelrelative to the backgroundne:

RDK()[Rp] . (6)

We cannow take the imageperturbationto be the differencebe-
tweenthe improved image (R ) andthe badgroundimage (R p):
1R DR Rp. The challengewith this methodof construct-
ing image perturbationfor WEMVA is that the two images,R
andRp, cangetout of phase suchthatthey risk violating the re-
quirement®f the rst-order Bornapproximatior(SavaandBiondi,
2004a).

We addresshis challengeby usinglinearizedimage perturbations

We run residualmigrationfor alarge numberof parameters and
pick at every locationthe value wherethe imageis bestfocused.
Thenwe estimateat every point the gradientof the imagerelative

tothe parameteandconstructheimageperturbationsisingthe

following relation:

0
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Figure 3: Residualmigrationappliedto the imagemigratedwith
theinitial velocitymodel,Figure2. Fromtopto bottom,theimages
correspondo theratios D 1.04,1.00,0.96,0.92,0.88.

wherebyde nition,1 D1 . Themainbene tof constructing
imageperturbationsvith equation(7) is thatwe avoid the danger
of subtractingmagesthatareout of phase.

EXAMPLE

We test our methodologyusing a syntheticdatasetobtainedby
acoustic nite-dif ferencemodelingover a saltbody. Althoughwe
useour techniqueto constrainthe top of the salt,the methodology
is applicablein ary situationwherediffractionsare available, for
example,subsalwhereangularcoverages small,anduncollapsed
diffractionscarry substantiainformation which is disregardedin
typical MVA methodologies.

Figure 1l shaws the zero-ofsetdatawe usefor velocity analysisto

delineatethe top of the rough salt body. The sectioncontainsa
large numberof diffractors,whosefocusingallows usto constrain
theoverburdenvelocity model.

Figure2(a)depictsthe startingvelocity model,andFigure2(b) de-

pictstheinitial imageobtainedby zero-ofsetmigration. The start-
ing velocity is atypical Gulf of Mexico v(z) functionhangingfrom

thewaterbottom.Uncollapsedliffractionsarevisible at the top of

the salt, indicatingthatthe velocity in the overturdenis notaccu-
rate. Suchdefocusingalsohampersour ability to pick accurately
thetop of the saltand,therefore degradesmagingat depth.

We run residualmigration on the backgroundmage (Figure 2).
Figure ?? shaws this imageafter residualmigrationwith various
velocity ratios (Sava, 2003). From top to bottom, the ratios are:
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Figure 4. Residualmigration picks (a) andthe associatecton -
denceweights(b).

1.04,1.00,0.96,0.92,0.88. Different partsof the imagecomeinto
focusat differentvaluesof the velocity ratio.

Figure4(a)shavs the picked velocity ratiosat variouslocationsin
theimage. The white backgroundcorrespondso picked1 D 0,
andthe gray shadescorrespondo 1 between0 and 0.08. Fig-
ure4(b) shavs amapof theweights(W) associatetb eachpicked
value.Thewhite backgroundorresponds W D 0, indicatinglow
con dencein thepickedvaluesandthedarkregionscorrespondo
W D 1, indicatinghigh con dencein thepickedvalues.

Figure 5(a) shavs the slovnessperturbationobtainedafter 20 it-
erationsof inversionfrom the imageperturbationin Figure 5(b).
The smoothslowvnessperturbationis constrainedy a regulariza-
tion operator(Laplacian).Figure6(a)shavs the updatedslovness
modelandFigure6(b) shavsthezero-ofsetmigratedmagecorre-
spondingto the updatedmodel. Most of the diffractionsat thetop
of the salt have beencollapsed,andthe roughtop of the saltcan
be easilypicked. Thediffractionscorrespondingo the saltbodies
atx D 2000 4000ft, z D 3500ft are not fully collapsed,indi-
catingthatanothemonlineariterationinvolving residualmigration
andpickingis necessary

Finally, Figure7 shavs prestackmigratedimagesusingtheinitial

velocity model(a) andthe oneupdatedusingzero-ofsetfocusing
(b). The top panelsdepict stacks,and the bottom panelsdepict
angle-domaircommon-imageathergADCIG) (SavaandFomel,
2003).The ADCIGs shav substantiabendingaftermigrationwith

the initial velocity, but they are mostly at after migration with

the updatedvelocity, althoughnone of the moveoutinformation
hasbeenusedfor velocity update. Figure 8 shavs two ADCIGs
atx D 2350ft from theimagesobtainedwith the initial velocity
model(a) andtheupdated/elocity model(b). The ADCIG in panel
(a) correspondso a notchin thetop of the saltandis complicated
to usefor velocity analysis.However, after migrationwith the up-

datedvelocity model,panel(b), the ADCIG is muchsimpler and
thesmallresidualmoveoutscanbe pickedfor velocity updates.

A comparisornof Figure 6(b) with Figure 7(b) shavs a potential
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Figure5: Slownessperturbatior(a), dervedfrom animagepertur
bation(b) derived from the backgroundmagein Figure2 andthe
velocity ratio picksin Figure4.

limitation of ourtechniquen thepresencef prismaticwaves(Biondi,
2003). Both imagesare obtainedwith the samevelocity, the rst
onewith zero-ofset dataandthe secondone with prestackdata.
Theimagingartifactsvisible at the bottomof the deepcaryonsat
thetop of thesaltin Figure6(b) arecreatedby prismaticwavesthat
arenot properlyimagedfrom zero-ofsetdata.Prismaticvavesare
better (thoughnot perfectly) handledby full prestackmigration,
andthustheartifactsarenotvisible in theprestack-migrateonhage
shavn in Figure 7(b). Sincetheseartifactsresembleuncollapsed
diffractions,they maymisleadtheanalysisof theresidualmigrated
imagesandbeinterpretedassymptomsof velocity inaccuracies.

CONCLUSIONS

Diffractionscontainvelocity informationthatis overlookedby con-
ventional MVA methods,which use atness of commonimage
gathersastheonly criterionfor theaccurag of migrationvelocity.
We demonstrateghat accurateintenal-velocity can be estimated
by inverting theresultsof aresidual-focusin@nalysisof migrated
diffractedevents. To corvert residual-focusingneasurementsito
intenal-velocity updateswe emplgy the WEMVA methodology
which is ideally suitedfor this taskbecauset invertsimageper
turbationsdirectly, without requiring an estimateof the re ector
geometry

Our exampledemonstratelow the proposedmethodcan exploit
the velocity informationcontainedn the eventgeneratedy a ru-
gosesalt-sedimeninterface. Thiskind of eventsis presenin mary
salt-relateddatasets,andthe ability of usingthe diffractedenegy
to furtherconstrairthe velocity modelmight signi cantly improve
the nal imagingresults.
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Figure6: Zero-ofsetmigratedimagefor the syntheticdatain Fig-
urel: velocitymodel(a),andmigratedimage(b). Migration using
theupdatedvelocity.
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Figure8: Angle-domaincommonimagegatherobtainedafter mi-
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model(b).



