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Summary

In this papera procedures proposedior multi-angleimaging
andelasticmultiscaleinvolvedare: (1) a decompositiornto up-
anddowvngoing P- and S-waves; (2) compensatiorior the P-

and S- dowvnward propagationeffects (inverseextrapolation);
(3) imagingof the angle-depender®-P and P-S reflectvity;

(4) multiscaleanalysisof theimagedangle-depender®-P and
P-S data. It is shawvn thatin the syntheticcase,properuse
of walkavay VSP datacanimprove the quality of the angle-
dependentlepthimages,becausenternal multiples canbe ef-

fectively suppressedhenimagesof all receversarecombined.
With real VSP datawe will have an additionalimprovement,
causeddy thefactthatthe receversarecloserto theinterfaces,
which will decreasgropagatiorrelateddisturbancesf the re-
flectedwave-field.

Introduction of multiscale characterization

Multiangle,multiscalecharacterizatioon angledependenseis-
mic reflection responsesvas introducedby Goudsvaard and
Wapenaa(1997). For this characterizatioschemean effective
singularvelocity profile wasintroducedthat is consistentwith
multi-scaleanalyse®f actualvelocity well-logs,asanalyzedy
Herrmann(1997). This velocity profile, which is a generaliza-
tion of step-functionboundariesconsistsof depth-shiftedver-
sionsof

o(z) = {c1|z|z forz <0 )
ca|z|* forz >0,
in which « is the singularityparameterandcs ,» arefactorsthat
definethe velocity contrast. It hasbeenshavn by Herrmann
thatestimate®f a canbe acquiredby applyingthe Continuous
Wavelet Transform(CWT) on awell-log, andby analyzingthe
amplitudeson so-calledmodulus-maximdinesin this wavelet-
transformediata,closelyfollowing Mallat and Hwang (1992).
Figure 1 shaws an exampleof suchan analysison a synthetic
velocity profile containingthreedistinct examplesof a bound-
arydescribedy eq.(1).
Furthermoretwo distinctsmethodshave beenintroducedo ex-
tract estimatesof a from seismicreflectiondatamigratedinto
rayparametevs. depth(p — 2)-gathersThefirst methodis dis-
cussedn Wapenaaket al. (1999);it is however only applicable
to acoustiaeflectionresponses.
The secondmethod,including an analysisof the first method
is describedn Goudsvaard(1999). In this method first a lin-
earizedZoeppritzinversionis performed(asdevelopedby van
Wijngaarden(1998)). The resultof this inversionis a continu-
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Fig. 1: (a) Syntheticzelocityprofile with boundariesiescribedyeq.(1)
(b) ContinuoushaveletTransformof (a)

(c) positionof modulus-maximénesin wavelettransform

(d) log-log plot of amplitudealong modulus-maximdines vs. scale
(top) a = —0.4, (middle) a =0, (bottom) a = 0.2

ousestimateof thevelocity contrasfunction Ac(z) /é(z), here-
afterreferredto as D(z). Fromthe self-similarrelationshipfor
velocity contrastfunctionsthe following relationfor the ampli-
tudesalongmodulusmaximalineswasderived

log(|D(0,02)|) = (@ — 1) log o +log(ID(1, 2)]). (2)

Eq (2) impliesthatwhena CWT is performedon this data,es-
timatesof o canbe acquiredin the sameway asthey canbe
acquiredrom thewell-log.

Multiangle processing of walkaway VSP data

In this paperwe will apply thesecharacterizatioimethodson

walkavay VSP data. be lessthanin surfacedata. Moreover,

in the multi-scaleanalysis,the correlationof the resultswith

well-logs will be mucheasier sinceno time-depthconversion
is required. The direct contritution in the downgoing P- and
S-wavescanbe usedto calibratethe generalizegrimary wave
field extrapolationoperatorgthat include dispersionrelatedto

thefine layering). Theseoperatorsareusedto acquirethe mul-

tiangleimagingresult. It is our intentionto evaluateour elastic
multiscalecharacterizatiomethodonarealwalkavay VSPdata
set.

Since our characterizatioomethodhas not beendesignedfor

walkavay VSP data,a numberof adaptionss required,which
wewill briefly discussdere atthehandof anumericakexample.
A typical multisource multirecever walkavay configurationis

shavn in Figure2. Figure3ashaws afinely-layeredamget; Fig-

ures3b and3c shaw the v, andv, component®f a walkavay
VSP-&perimenwith thesourceatthesurface,andreceverslo-

catedatadepthof 391m.

First,adecompositionnto up- anddovngoing P- and .S-waves
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Fig. 2: Multisource multireceiverwalkawayconfiguation.

is required.To this endthe walkaway VSP’s (commonrecever
gathers)are reoiganizedinto normal VSP's (commonsource
gathers).In this domainthe separatiorcantake placeby veloc-
ity filtering andpolarizationfilters. A simulateddecomposition
resultis shavn in Figure4a,b,c,d Notethatthedirectcontritu-
tionin thedovngoingP-andS-waves(Figuresda,b)canbeused
to calibratethegeneralizegbrimarywave field extrapolationop-
eratorg(thatincludedispersiorrelatedto thefine layering). The
decomposedatacanbereoiganizedackinto walkavay VSP’s
(commonrecever gathers)seeFiguresba,b,c,dfor a singlere-
ceier at z= 391 m and 16 sourcesat the surface. Note that
the upgoing P- and S-componentgFigures5c,d) containthe
angle-dependemn¢sponsef thereflectorpackageattherecever
depth.

After having performedhispreprocessingye havetoimagethe
angle-dependere-P and P-S reflectvity, usingthe operators
discusseabore; in this examplewe will ignorethe dispersion
effectscausedy thefine-layering.To this end,the datawill be
Radon-transformeidito therayparameteinterceptime (7 —p)-
domain. Note thatanalyzingdataaftera (r — p)-transformis
only valid in the 1-D approximation Becausef the factthatin
walkavay VSPdatathereceversarevery nearto theinterfaces,
we canassumehat this approximationis valid. Two imaging
stratgiesareusedto acquirethe angle-dependeriagesRp p
andRps.
Thefirst strategy is constructingacompletedepthimageR(p, z)
for asinglerecever. Figuresta,bshav theresultof thisimaging
stratgy for thetopmostrecever at 300mdepthfor theP-P and
P-S datarespectiely. This imagingresultclearly shavs the
main reflectorsfrom the finely layeredpackage however it is
blurredby mary internalmultiples.

The secondstrat@y is constructinga completedepthimage
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Fig. 3: (a) Finely-layeed target of the velocity profilescp (solid) and
cs (dashed)(b) v;-componenbf the wave-field. (Cjv, -componenbf
thewave-field.

R(p, z) by concatenatingubimageg$rom therecever which is

nearesto a specificdepthin theimage. By this techniquewe

reducghenumberof internalmultiplesin theimage becauseve

will combinemainly the primary enegy of all images.Figures
6¢,dshov theresultsof thistechnique It shavsthatthisimaging
techniquemprovesthe resolutionand decreasethe amountof

imagedinternalmultiples.

In the sectionon characterizatiowe will analyzethe images
acquiredby bothimagingstrataies.

Multiscale characterization of walkaway VSP data

Themultiscalecharacterizatioln the imagedangle-dependent
P-P and P-S in figure 6, will be performedaccordingto the
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Fig. 4. Commorsource VSPgathes. (a)PT-componenbf the wave-
field. (b)St-componenthewave-field.(c)P—-componenof the wave-
field. (d)S—-componenbf thewave-field.

approachdiscussedh theintroduction.Thegoalis to shav that
estimateof semi-continuouse-profilesfrom well-log dataare
consistentvith estimatesrom seismicreflectiondata.

First we have computedthe a-profile of the P-wave veloc-
ity well-log of figure 3a. Theresultof this analysisis visiblein
figure7a-d. Thetechniquéor thisanalysisvastreatedn thein-
troductionto this paper For the comparisorbetweerestimates
of & from well-log and seismicdata, we computethe profiles
D(z) from the datain figure 6, makinguseof the techniqueof
VanWijngaarden.

Figure 8a shaws the estimateof D(z) makinguseof the data
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Fig. 5: CommonreceiverVSP gathes with receiverat z= 391 m
and 16 sources at the surface (a)P+-componentf the wave-field.
(b)S*-componenbf the wave-field. (c)P~-componenibf the wave-
field. (d)S—-componenbf thewave-field.
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Fig. 6: (a) Depthimage Rpp(p, z) for thereceiverat 300mdepth.

(b) Depthimage Rps (p, z) for thereceiverat 300mdepth.

(c) Depthimege Rp p (p, z) constructedby combiningdepthimages of
all receives.

(d) Depthimage Rps(p, z) constructedby combiningdepthimagesof
all receives.

setsin figure 6ab Figure9ashaws theresultacquiredfrom the
datasetsin figure 6cd. Figures8/9b,c,dshawv theresultsof per
forming the CWT on thesedataand extracting estimatesf «
from thedepthimage(the solid line in figures8/9d.

It is clear from thesepicturesis that the D(z)-profile in fig-
ure 9ais much more pronouncedhanthe onein figure 8a; it
mainly shavsthestrongreflectorsn thefinely-layeredbackage,
whereasD(z) in figure 8aseemgo be affectedby the multiple
enepgy. Theestimate®f a from both datasetsshav thatthese
estimatesrelesssensitve to this multiple enegy, however the
estimategrom the datawithout multiple enegy aremoreaccu-
ratethanthe resultsof the dataconstructedrom therecever at
300mdepth.
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Fig. 7: (a) P-wavevelocityprofile representindinely-layeed target
(b) ContinuoushaveletTransformof (a)

(c) positionof modulus-maximénesin waveletiransform

(d) estimate®f a asa functionof depth
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Fig. 8: (a) Estimateof D(z) fromthe seismiadatain figure 6ab

(b) ContinuoushaveletTransformof (a)

(c) positionof modulus-maximénesin waveletiransform

(d) estimate®f o asa functionof depthfrom D(z) (solid) andfromthe
P-wavevelocityprofile (dashed)
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Fig. 9: (a) Estimateof D(z) fromtheseismiadatain figure 6¢cd

(b) ContinuoushaveletTransformof (a)

(c) positionof modulus-maximénesin waveletiransform

(d) estimate®f o asa functionof depthfrom D(z) (solid) andfromthe
P-wavevelocityprofile (dashed)

Conclusions

A multiangle, multiscaleimaging and characterizatiomethod
for walkawvay VSPdatahasbeenproposedndanalyzedn syn-
theticdata.It wasshavn thatfrom v, andv, measurementhe
datasetsR},, Rfs, Rpp andRp g canbeconstructedwhich

seemto containno spuriouseventsfrom other modes. These
datasetshave beenthe input of animaging schemen which

VSP datafrom receversat all depthswere combined,to con-
structa depthimagethathaslessinternalmultiplesthantheim-

agefrom only onerecever. Both datasetshave beenanalyzed
by a multiangle, multiscalecharacterizatioimmethod. A singu-
larity parameterx-profile was extractedfrom a finely-layered
packageand from both thesedepthimages. It wasshavn that
thesuppressionf internalmultiplesin theimagingstratgy en-
hancesghis inversionprocedure.Currentresearctinvolvesthe
applicationof this methodon realwalkavay VSP data.
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