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Summary

In well-logs we often encountesharpoutliers,or singularities,
that are responsibldor strongreflections. However, thesere-
flectorsare different from step-functionsjn a sensethat step-
functionsare scaleinvariantandthesesingularitiesare not. In
this papera scaleanalysishasbeenperformedon syntheticand
realwell-logs, aswell ason their reflectionresponsesn order
to testamethodthatcandistinguishbetweerscaleinvariantand
scalevariantreflectors. We will show thatit is possibleto ex-
tracta stablelocal singularityexponenta from a well-log, and
we cancharacterizéhe sameexponentout of seismicreflection
data.

Introduction

Multi-scaleanalysisis usuallyperformedon well-logs,only re-
cently this analysisis beingappliedto seismicdata[1]. In this
papemwewill investigatamediathatcontainsingularities.If sin-
gularitiesare describedn a self-similarway, it canbe proven
that, exceptfor the step-functionthey arescalevariant. This
shouldimply [4] thattheangle-dependersiismicreflectionre-
sponsds scalevariantaswell, in a way thatis directly linked
to the scalingbehavior of thewell-log. In this paperwe will try
to extractalocal singularityexponentbothfrom the well-log as
well asfrom the seismicreflectiondataandwe will investigate
its stability. In thefirst examplewe considefasynthetiovell-log
with well-definedself-similarsingularitiesjn the secondexam-
ple thesingularitieswill betakenfrom realwell-logs.
Exampleon a synthetic velocity well-log

We considerself-similar singularitiesin the velocity function
¢(z) of theform

c2lz/z|”
Thesynthetiowell-log in Figurel(a)consistof two shiftedver-
sionsof thissingularity which arecharacterizethy a singularity
exponenty of —0.4 and0.2 respectiely, andc; = ¢» for both
singularities.The stepfunctionin betweerthe two singularities
canalsobe seenasa singularity but its singularity exponento
mustthenbe choseraso, butin thiscasec: # c2. Thedensity
will be chosenconstanthroughoutthe completedepth-interal
atavalueof 1000kg/m.

Themulti-scaleanalysiswill bedoneby meansf thewavelet-
transform.MallatandHwang[3] have shovnthatestimation®f
local regularity arepossiblewith the modulusmaximarepresen-
tation. As proposedandinvestigatedy Herrmann[2], we will
usethistransformto analyzethescale-propertiesf thewell-log.
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Fig. 1: (a) Synthetionell-logasusedin this examle, (b) waveletirans-
form of the well-log, (c) position of modulus-maximéines in wavelet
transform(d) log-logplot of amplitudealongmodulus-maximénesvs.
scale(top) o = —0.4, (middle) o = 0, (bottom) o = 0.2
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Thewavelet-transfornmapsf (z) to f(o, z), accordingo

WY o) = Fios) = [ 1610

in which o is the scaledilatation parameter f(z) the function
to betransformedand(z) theanalyzingwavelet. In this study
1 hasbeenchosento be the first derivative of the Gaussian
window.

Figure1(b) shavs theresultof this transformfor differentval-

uesof «, in therangeof [2, 64], hence’ log(o)e[1,6]. For the
analysisof this transformwe first take the modulusof the data
andthenwe connecthelocalmaximaof theneighboringraces.
The lines that connectthe local maximaare commonlyknown

asmodulusnaximalines. We shouldbeabletoretrieve thescal-
ing parametet from alog-logplot of theamplitudealongthese
linesversughescale becauséy (see[4]):

Zmax ) |

log|é(a, zmax)| = alogo + log|&(1, 3)
it follows that« is given by the slope of this graph. We will
further on refer to this methodas the methodof WTMML's
(WaveletTransformModulusMaximalines).In Figurel(d)the
resultsof thisanalysisaregiven,for eachof thesingularitiessep-
arately Thesefiguresshow clearlythatthe wavelet-transfornis
apowerful tool for theanalysiof scalingeffectsin well-logs. It
retrieves quite accuratelythe value of the singularityexponent.
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However, aswe hopethat« is a reliable seismicindicator, we

wouldlike to retrieve o from seismicdata. 104 1o/ 15 4
. . . . . . sim

For normalincidencethis hasbeeninvestigatedby Dessinget. px sml- 3

al. [1]. In this analysiswe will incorporatealsoobliqueinci- 4.5 |
. . 6
dentwaves,in orderto getmorestabelresults.For this purpose i ’ l I

(<]

seismicdatahasbeenmodeledn theabove mentionedsynthetic
well-log, makinguseof a “reflectivity method”. 50
Figure 2a shawvs the planewave responseén the ray-parameter z[ml
intercept-time(p, r) domainas well as an imagein the ray-
parametedepth(p, z) domain. Note that for Figure 2 the re- 150

flectionresponse:™" (0, p, 7), whichis modeledby areflecti/-

200 ,————\
ity method hasbeencornvolvedwith a(symmetricalwavelet,to “’\
representhedatain amorecomfortableway. \\\\
Fig. 3: 3-D representatiorof the scaleanalysisonimagedseismicdata

i

100 l In figure 4 we canseethe analyticalcurvesfor thethreevalues
T H
" px1o px107f

of « in the (p, o)-plane,aswell astheresultsobtainedfrom the
numericalanalysiswe justdiscussed.

Fig. 2: (a), (p, 7)- and(b), (p, z)- reflectionresponsef synthetiovell- A A
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TheimageddatasetR(p, z)(Figure2bwill now begivenathird
dimensionasvisiblein Figure3, by awavelettransformaccord-
ing to: p> p > p>

R(p,0,2) = W{R, ¥}(p, 0, 2). 4

Thewavelet-transfornwill betakenof theimagedimpulsere- A A
sponseinsteadof thereflectedwavefield. Thisis done because ¢ o
otherwisewewill beanalyzingthecombinedeffectof thereflec-
tivity andtheseismiovavelet,whichwill giveresultshatarenot
easilyinterpretableNotethatif thewaveletis nearerto a spike,
this effect becomedessdeterioratie. For real seismicdatathis p> p > p>
impliesthatif we wantto performthis scalinganalysison the (d) (e) (f)
data,we have to decorvolve with the seismicwaveletasaccu-
ratelyaspossiblejn orderto preventa falsecharacterizatiowf
its scalingbehavior.
Fromthe 3-dimensionatube R(p, 7, z) of Figure3, we select
cross-sectionalongmodulusnaximunplanesvhichwill bede-
noteQR(p,_cr, Zmaz ), andwe will a_nalyzecontoursof constant accuratelthe predictectunvesof 4a,b,c.
amplitudesn theseplanes.Accordingto Wapenaaf4] we can i
expectto find curvesof constantamplitude| R(p, 7, 2maz)| in Examples on areal velocity well-log
the modulusmaximunplanes: The forementionedmethod has been performedon certain
strong reflectorsin an actual sonic P-\velocity log. In the
p' ~%¢“ = constant (5) first examplea pieceof alog (Figure 5a) hasbeenchosenof

Fig. 4: Analyticalcontoursalongwhichp! ~®¢® = constanfa) o =
—0.4, (b) @ = 0, (c) a = 0.2 andthe correspondingresults
obtainedfromtheimagein Figure 2(b): (d), (e)and(f)

We canclearly seethatthe curvesin figure 4d,e,ffollow quite
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Fig. 5: (a) elocity functionasusedin this example(b) log-log plot of
amplitudealong modulus-maximéines vs. scaleat a depthof around
160 m (slope= o ~ —0.32) (c) Imagedreflectionresponsef this ve-
locity function(d) |R(p, &, zmaz)| in @ modulusmaximaplane at the
samedepthastheanalysisin (b)
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1500 samples(i.e. 250 m.) in which the acousticreflection
responsewas modeled. Making use of the method of WT-
MML'’s a reflectorwas found at a depthof around160mwith
a constantsingularityexponenta=-0.32 (seeFigure5b), in the
2 ]og o-range[2,5]. This scalerangeis approximatelyequalto
a wavelengthof 8 to 60 m, which correspondgo the higher
frequenciesin the seismicspectrum. The imagedreflection
responses visible in Figure5c. As we have usedthe same
samplingfor the velocity function as for the imaging, we can
statethatthe scaledn all picturesaredirectly comparable We
can seethat thereis a strongreflectorwhich conformsto the
onealreadypointedout. At this depthlevel awavelettransform
hasbeenperformedandwe have measuredhe amplitudeof the
envelopeof thereflectvity alongmodulusmaximaplanes.The
resultof this analysisis given in Figure 5d. We can seethat
the overall trend of the curvesis consistentwith the fact that
the local singularity exponentin the log is negative (compare
Figureda)
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Fig. 6: (a) elocity functionasusedin this example(b) log-log plot of
amplitudealong modulus-maximéinesvs. scaleat a depthof around
90 m (slope= o = 0) (c) Imagedreflectionresponseof this velocity
function(d) | R(p, 7, zmas )| in @ modulusmaximaplane at the same
depthastheanalysisin (b)

We have also performedthe methodon a log in which a step-
functionwaspresen{a = 0). Thislog whichis visiblein Figure
6a, containghis step-functiorat a depthof about90 m. At this
depththe methodof WTMML’s wasperformed.The resultsof
thisanalysisarein Figure6b. We canclearly seethatthe singu-
larity exponentis approximatelyequalto O for the logarithmic
scalerange[2,5]. Justasin the foregoing case,the (imaged)
reflectionresponseés given in Figure 6¢, andthe value of the
reflectvity alongthe modulusmaximaplaneshasbeengivenin
Figure6d. In this picturewe canclearly seethatthe patternis
differentfrom Figure5d. If we comparethesecurveswith the
analyticalcurvesin Figure4a,b,c,we canseethatthe trend of
thecurwvesis bestrepresentetly avalueof o = 0.

Conclusion and discussion

We have shawn thatit is possibleto retrieve a scaleparameter
from thereflectionresponsef a medium,which is alsoconsis-
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tentwith the onederived from a sonicvelocity log, in thesame References

scalerange.Up till now, the methodhasnotbeentestedonreal
reflectiondata.

Note that we only usedlocal amplitudeinformation (retrieved
from modulusmaximaplanes)to estimatethe singularityexpo-
nent. We will investigatethe possibility to includelocal phase
informationaswell, in orderto obtainmorestableestimatesf
thelocal singularityexponent.
Whenlookingattheresultsobtainedrom seismicdatamodeled
in the realwell-logs, we expectthatthe singularityexponenta
may prove to be a usefulseismicindicatot in additionto other
parameterg AVA inversion.
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