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ABSTRACT

Depthimaging of multi-componendatasetprovidesa tool for estimatingelasticpa-

rametes (v,, vs,p andw,/v,) in complex media. This paper introducesa methodof

determiningshearwavevelocitiesand velocityratio in a postmigateddomainafter

doingPoissonsratio analysis(PRA).Raypathsre tracedthroughaninitial Poissons

ratio funtion and are usedin combinationwith depthdeviationsin the postmigated
domainto computePoissonsratio perturbations.Theperturbationsare addedto the

initial Poissons ratio functionto obtainthe updatedPoissons ratio. Thetraveltime
of the CRPraysto andfromthereflectionpointandthe horizontalcomponentsf the

slownesare usedto constain theraypathwhenparametes of therefelencePoissons

ratio functionare perturbed.ThePoissonsratio modelis correctedby aniterativeop-

timizationtechniquethatminimizesliscrepanciesn raypath.Theoptimizationrscheme
is a conjugate-gadientmethodwheethegradientopemator linearly relatesperturba-
tionsin Poissonsratio to changesin reflectorpositions.Thisincludesa tomagraphic
approad in estimatingPoissons ratios. Havingthe correct Poissons ratio the shear
velocitymodelis directly computed.We assuméhere that the depthmodelis known
from previous P-wavevelocity/depthanalysisimplying also that the wavecorversion

occued at the sameinterfaceas the P-wavereflection. The methodolgy described
here hasbeenappliedto a 2D synthetiadatasebut is alsoapplicablein a 3D isotropic

medium.

INTRODUCTION

The Poissors ratio of sedimentandrockshasbeenof specialinterestin seismology
and oil-exploration. It can be determinedfrom the ratio of compressionaivave
velocity v, to shearwave velocity v;. The presenceof gasin the pore spaceof a
rock layer causesa remarkabledropin the v, /v, ratio which leadsto a decreasén
the Poissors ratio. Thereforean analysisof Poissors ratio is vital ashydrocarbon
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indicator

To extract elastic parametersof sedimentsand rocks elastic imaging is per
formed. On the otherhand,depthimaging of elasticwaves (multi-componentdata)
is complicateddue to the needto develop a consistentvelocity/depthmodel for
both P- and S-waves. Here a methodfor estimatingand optimizing shearwave
interval velocitiesis presentedfter performingvelocity ratio analysigPoissons ratio
analysis)anditerative tomographyon corvertedwaves (C-waves). In the past,two
main approachehave beenproposedto perform migration velocity analysisafter
migrationand before stackingfor monotypicwaves: depthfocusinganalysis(DFA)
(MacKay and Abma, 1992; Jeannotet al., 1986) and residualwavefront curvature
analysis(RCA) (Al-Yahya,1989; Dereggowski, 1990;Liu and Bleistein,1995). The
methodsof the abore mentionedauthorsdid notincludetomographiaupdates.Other
authorse.g. (Bishopetal., 1985),(Stork,1992),(Kosloff etal., 1996)usedmigration
tomographyto determinghe velocity/depthmodelfor monotypicwaves. The method
presentedhere usesthe residualwavefront cunature analysisand depth misfit in
tomographyfor cornvertedwaves. More specifically this methodinterpretseventsin
depthmigratedcommonshotsectionsor commonoffsetsectionsandusesthe result
of their interpretationto updatethe Poissons ratio modeland shearvelocity model.
No depthupdatingis done sincethe depth structureis assumedo be given from
P-wave analysis. Themethodis usefulin areasvith complex geology(stronglaterally
variantPoissons ratio andvelocity ratio), especiallyin regionswherethe geologyis
dominatedoy saltintrusions.Theseregionsareimportantfor oil explorationbecause
the impermeablesalt boundariedor incident P-waves (S-wave) often serne astraps
wherehydrocarbonsccumulateAlso at theseboundariestrongwave corversiondo
occurallowing S-waves(P-waves)to penetratdor subsalillumination.

Poissorsratioanalysisandvelocityanalysian thepremigratealomain(i.e. reflec-
tion tomographyyely onthesameanformationin thedata:enegy transmittedhrough
thevelocity variationsandreflectedbackto the surfacefrom the underlyingreflectors.
In anideal case,if a velocity field matcheghe datain prestackdomain,it will also
matchit in poststackdomain. In areflectionsurey, eachpoint on a reflectoris gen-
erally illuminatedby the datarecordedfrom several shots,giving redundanimages
of thesubsurace(seeFigurel). Thenumberof fold is a measuref this redundany.
Thefigureis aschematidllustrationof commonreflectionpointgatherdor corverted
waves from five differentshot positions. Whenthe prestackdatais migratedto its
point of reflection,therewill be multiple imagesof thatreflector which aresummed
to producethefinal migratedsection.

If thecorrectPoissorsratio (velocitymodelsfor bothP andS-waves)areusedin a
prestacldepthmigration,thesemultiple imagesareidenticalandimprove signal/noise
on summing. The processof Poissors ratio analysisis to alter the Poissons ratio
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Figure 1. Raysillustrating commonreflection point gathers(CRP) for corverted
waves. Theinitial modelis discretizedandthe CRP rays are tracedfrom sourceto
recieverlocations.

field sothatthesemultiple imagesaremoreidenticalandproducea bettersummation.
Moreover, theknowledgeof Poissorsratio is animportanthydrocarbonndicator

Analysisof propertiesof commonreflectionpoint (CRP)gathersor commonim-
agegatherqCIG) allows usto developaniteratve tomographialgorithmto estimate
the interval Poissors ratio directly. Whenlateralvariationof Poissors ratio within
individual layersdo exist, all CRP gathersare analyzedsimultaneously This simul-
taneougmigrationand analysisis one adwantageof the methodpresentederesince
we canmigratewith arangeof possiblePoissonsratio functions. The Poissors ratio
is solved by usingall raypathsan the gridedmodel. The whole modelis determined
by layer stripping, in a top down procedure. Since Poissors ratio is relatedto the
velocity ratio (seeFigure 4) the term Poissonrs ratio and velocity ratio will be used
interchangeablin thesubsequerdections.

The Method

Thetraveltime (¢, andt;) for both P- andS-raybranchesrom sourceto receversare
givenastheintegral alongthe correspondingay pathsl;

1
t, = /,, —_a, 1)

vp(X)

ty = / . L @)

vs(x)
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wherex is the positionvector dl is the differentialdistancealongtheray. The
total traveltime of a ray from the sourceto the recever is given asthe integral over
both slownesseslongwhich the ray traversedto the recever. The slownessof the
mediumis madeup of the P-wave andS-wave slownessesespectrely. Thereforethe
total transientime of therayis givenas

1

vp(x)

= [ (14 up(x)/0,(x) - dl 3)
T@Ytotal

Fromequation(3) it is seenthatthetraveltimeassociateavith agivenray (i.e. the
total transittime from sourceto recever) is the integratedPoissors ratio alongthat
ray. Thedifferencebetweerthetraveltimefrom aperturbed?oissons ratiomodeland
aninitial modelis usedto carry outtomographiagnversionof Poissonsratio alongthe
ray path. A difficulty with the tomographyproblemwhenusingequation(3) is that
theray pathitself dependson the unknavn Poissors ratio (notethat Poissons ratio
is equialentto velocity ratio). Thereforeequation(3) is non-linearin Poissors ra-
tio. Theapproactusedhereis to linearizeequation(3) aboutsomeinitial or reference
Poissors ratio model.In otherwordslik e ary tomographi@approachinsteadof solv-
ing equation(3) for v, /v, = 7, we solve someapproximatiorto equation(3) for the
perturbatiorin v, /v, from aninitial model. The perturbationin traveltimeis givenin
matrix form as:

Atys = ~AnD, @)

P

where A~ is the vectorwhosecomponentsrethe differencesn Poissons ratio
betweernthe initial modelandthe solution,i.e.,an(m x 1) vectorand D is a matrix
whoseelementD;; is the distancethe i-th ray travelsin the j-th cell, i.e., an (N x
m) matrix and A¢,, is an(N x 1) vector The symbol N denoteshe total number
of pickedtraces,m denoteghe total numberof modelparametersThe matrix D is
alsogiven asa matrix whoseelementsare partial derivativesof the traveltimeswith
respectto model parameters.In reflectiontime tomographythe model parameters
are madeup of the total numberof cellsin the modelandthe numberof reflectors
(Bishop et al., 1985). In sucha caseone hasto differentiatethe traveltime with
respecto the slovnessandwith respecto the reflectordepth. (Bishopet al., 1985)
shaved that the derivative of the traveltime with respecto the slownessis equalto
the pathlength of the ray in eachcell. In the casepresentedere,sincethe depth
of the reflectorsare fixed one would then computeonly the traveltime dervative
with respectto the Poissors ratio. Equation(4) is solved using the least-squares
formulationof (PaigeandSaunders1982). This updateghe Poissons ratio modelby
minimizingthe At,;. Equation(4) canbe usedbothin prestaclor poststackeflection
tomographyto evaluatechangesn reflectiontraveltime dueto changesn v, /v;. In
the Prestackdomain, it will be basedon picking, thereforebe proneto humanor
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machinemispickingespeciallyin areasverecomple raypathscauseriplications.

To overcomethis difficulty the valuesof At,, are computedafter the datahave
beendepthmigratedandsortedinto CRPgathers Depthdeviations( Az) in migrated
CRP gathersare corvertedto traveltime deviations (traveltime delaysAt,;) alonga
CRPray pair. Thisis doneby usingthe approximaterelation betweenAz andthe
resultingray traveltime deviation (FaraandMadariaga1988; Stork,1992;Kosloff et
al., 1996).For areflectingmonotypicray (e.gP-P):

Atpp = 2p,Az,
while:
Atlm = AZ(pzl + pzm)a

for polytypic raysof typel andm. The symbolp, is the vertical slovnesscom-
ponentof the incidentray if Az is the vertical displacemenbf the boundarylevel.
Substitutingfor the slownessand taking into accountthe local dip of the reflector
At,, is givenas:

Aty = Az <008(95’p_ ?) cos(e;f ¢)> = ﬁ—: <008(9p —9)+ Leos(f,+ ¢)) ,
)
vpAtys = Az(cos(B, — @) + ycos(0s + ¢)) (6)

suchthat Az is the residualdepthdeviation, while 6, andé, aretheincidentand
reflectionanglesat the reflectorand ¢ is the local dip of the reflector This dip is
computedrom the structuregivenin the P-wave model.

In equation(4), thei-th row of the D matrix describeshe pathof thei-th ray from
sourceto recever. The numberof rows equalthe total numberof rays,whereaghe
numberof columnsis equalto thetotal numberof cells(nz x nx) usedto describehe
model.

Theleastsquaresolutionto equation(4) is givenas:

A7 _ (DD 4 K1) D" At (7)

Up
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The constantK (dampingfactor) addedto the main diagonalof matrix DT D
makes D nonsingularand also stabilizesthe inversionprocesqPaige and Saunders,
1982). Thesolutionto equation(4) is a setof Poissors ratio perturbationg\y which
areaddedto the initial Poissons ratio modelto producean updatedmodel,i.e., the
updatedPoissors ratio field is producedby projectingthe At,; back throughthe
mediumover thetracedraypaths At this stagethe procedurecanberepeatedvith the
updatedPoissors ratio andfurtherupdatesanbe undertakenif thenew CRPgathers
arenot flat enough.It shouldbe notedthat,the grid cell to be adjustedaredependent
on theraypathassociateavith their reflectioneventalongwhich the obserationsare
made.This in turnis dependenbn the sourceandrecever locationsof thetracesand
the overlying Poissons ratio model. The changesn traveltime that are requiredin
eachgrid cell translatento changesn theinterval Poissonsratio valueof thegrid cell.

Equation(3) tells us thatwhena PS-raytravels throughseveral structurean the
earthmodel,its traveltimeis anintegral measuref the velocity ratio in the structures
thattheray encountersUnraveling the exactvelocity ratio of a structurefrom travel-
time obsenationsis thereforegpossibleonly whenthestructurds penetratedy alarge
numberof raysover a wide rangeof angles. This meansthe accurag of Poissons
ratio analysisby CRPtomographyof commonshotgatherss bestfor large source-
to-recever offsetsandshortshotpoint separationaswell asshortseparatiorbetween
CRP-gathersTheinitial velocityratiomodelcanbedeterminedrom CRP-semblence
velocityratioanalysisgeologicainformation,well logs,or any othersourceof apriori
information.

The algorithm

Theprocedurdollows 5 mainsteps.Startingatthetop layer;

e at locationsdistributed throughoutthe model computedepthmigratedimage
gathersattheregion of interestbasedn aninitial Poissons ratio model,

e estimatehetraveltimecorrectionsnecessaryo flattenthe gathers,

¢ solve a large systemof equationsto simultaneouslyobtain the productof P-
wave slownessandvelocity-ratioupdateghroughouthe model(so-calledocal
tomography),

e dividetheproductin previousstepby theP-wave slovnesgo obtainthevelocity-
ratioupdate,

e addtheupdatedvaluesto theinitial valuesandremigrate If CRP-flatnesss not
achievedrepeatstartingat stepl, if achiezedstop.



123

Syntheticexample

To demonstratéhe effectivenesf the methoddescribedabore, a numericalexample
is presented.Consideringthe fact that animagedepthonly dependsn the velocity
ratio above it, exceptfor turningrays,the useof layerbasedomographyis appliedto

determinghe Poissors ratio in individual layers. The modelconsistof sevenelastic
layers. The P-wave velocitiesare 2.075,2.20, 2.655,3.00,4.202,4.608and 5.285
km/swhile thevelocityratiosarel.5,1.73,1.8,1.73,1.81,1.73,1.73respectrely. The
waveletusedis a 30Hz Ricker waveletwith pulsedurationof 0.059s. The synthetic
datawere computedby a programbasedon the ray method. For this testa total of

17 shotgatherswere generatedor a regular recever grid spacingof 10 m andshot
spacingof 100m with 200m nearoffsetand2000m far offset.

Figure2 shavsaCRPgatheratdistancer = 1500m aftermigrationwith aconstant
velocity-ratioof 1.99.1t is diplayednearthevelocity modelfor comparisonNotethat
the CRPimagesare curved upward sincethe Poissors ratio is higherthanthe true
Poissors ratio. Thusthe S-wave velocity is smaller Figure 4 shows the relation
betweenPoissors ratio and shearvelocity. This cunatureis well displayedin the
first layerwerethetruevelocity ratiois 1.5. Imagepositionsin Figure2 aredistorted
andwill eventuallyleadto structuraldistortionof imagesin the stacled section.The
positionof the otherreflectorimageseventhoughseemso be flatt aremovedupward.
Comparefor examplethe last two imagepositionsin Figure2. After an averageof
seveniterationsfor eachlayerstrippingprocedurehe correctedvelocity ratio model
is obtained Figure3illustratetheflatnessf the common-imagegathersdespitesome
migrationnoisebeingintroduced.

Conclusion

Thevelocityratio analysianethodpresentedh this papercanprovide ausefultool for
determiningandupdatingshearwave velocity modelsaswell asvelocity ratios. To-
gethemwith P-wave velocityanddensity someotherparameterik e elasticimpedance,
S-wave impedanceP-wave impedancezero-ofset shearwave reflectvity andPois-
son's ratio can be determined. Theseare importantparametersisedfor lithologic
inversionandreserwir characterisation.
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Figure2: Layeredvelocity modelusedn generatingommonshotgathers Themodel
is madeup of sevenlayers. The dashedine indicatesthe imagedpositionshovn on
the right panel. This panelis a commonimagegatherat positionz = 1.5 km with
aninitial migrationv,/v,-ratio of 1.99for the entiremodel. Usingthis velocity ratio
causesheimageddepthsto move upwardfrom their true positions.
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Figure3: Commonimagegatherfrom the migrateddatawith correctedvelocity ratio
afterseveniterations.Displayedis theimagegatherat positionx=1.5km for compar
isonwith theimagegatherin Figure2. Despitesomemigrationnoise,the positionof
theeventsarecorrectlyimaged.
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Figure 4: The relationshipbetweenPoissors ratio and v, /v,-ratio, and v,. For a
constanP-wave velocity, v, is inverselyproportionalto Poissorsratio
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