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I ntroduction

A coupleof yearsago,ultrasonictransmissiormeasurementsave beencarriedout on Rotliegend

reservir sandstonsamplegDen Boer, Dillen, DuijndamandFokkema,1996,EAGE; Swinnen,
1997,M.Sc. thesis,Leuven/ Delft). The experimentswere carriedout for a rangeof different

ambientpressuresFigure 1l showvs the transmissionmesponse$or pressuresangingfrom 2 MPa

(the latestarrival) to 20 MPa (thefirst arrival). It appearedhatnot only the arrival time reduces
whenthe ambientpressurancreaseshut thatthe width of the waveletreducedy approximately
the samerelatve amount. In otherwords, the time-axisseemsto be scaledby a single factor

whenthe ambientpressurds changedrom one valueto another Also the amplitudechanges
with changingpressurelt hasbeencarefully checled thatthesetime andamplitudechangesre

not sourceeffects,but thatit is the propagatiorthroughthe sandston¢hatchangesvith changing
pressureTheaimof thispapelis to giveapossibleheoreticakxplanationfor theobsenedscaling

of thetime axis.
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Figurel: Transmissiomesponsesf Rotliegendreserwoir sandstonéor varyingambientpressure.

Thebinary layered medium approach

We startby makinga strongsimplification, thatis, we assumehat the sandstonés horizontally
layered. Althoughthis is not very realistic, it is a suitablestartingpoint for studyingthe scaling
behaiour analytically The secondassumptioris thatthe layeredmediumconsistsof only two
typesof material(hencethe namebinarylayeredmedium);thelayerthicknessearein someway
randomlydistributed. Thethird assumptioms thatchangesn theambientressur&onotaffectthe
layer thicknessedhut only the materialparametersWith theseassumptionshe depth-dependent
normal-incidencelane-vave reflectvity r(z) obeysthefollowing scalingrelation

re(z) = ara(z), (1)

wherethe subscriptsd andB referto two differentambientpressurestates Whenthe materialpa-
rameterf bothlayertypesreactsimilarly (in arelatve sensejo changesn theambientpressure
thena = 1; whenthey reactdifferentlythena # 1. Theaverageslonnesss of the materialobeys
thefollowing relation

EBZ/BEA. (2)
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It is beyondthe scopeof this paperto specifythescalingfactorsa ands andtheir mutualrelation.
For ouranalysigt is sufficientto assumehatrelations(1) and(2) hold for somevalueof « andg.
Mercerat(2001,M.Sc. thesis,Delft University) hascarriedout numericalmodelingexperiments
with binarylayeredmediaandobsenreda scalingbehaiour of thetransmissionesponsesimilar
to thatobsenedin Figurel. In thefollowing sectionwe will evaluatethe scalingbehaiour of the
transmissiomesponsef binarylayeredmediaanalytically

Scaling behaviour of the transmission response

Thenormal-incidencelane-vave transmissiomespons®f alayeredmediumcanbe expressedn
thefrequeng domainin termsof a ‘generalizedorimary’ propagatodV(z, zg, w), accordingo

W(z1,20,w) = P21, 20, w)M(21, 20,w) 3)
= exp{—jwsAz}exp{—A(2w3)Az}, Az=2z — 2,

wherethefirst exponentialdescribeghe (flux-normalized)primary propagatiorfrom depthlevel

zo t0 z; andthe secondexponentialaccountdor the internalmultiplesgeneratedetweenthose
two depthlevels. The function A is the Fouriertransformof the ‘causalpart’ of S(z), according
to

A(k) = /OOO exp{—7kz}S(z)dz, 4)

whereS(z) is the autocorrelatiorof the reflectionfunction r(z). Note that equation(3) is the
well-knovn O’Doherty-Anstg relation,exceptthat.A(k) in equation(4) is expressedn termsof
aspatialratherthanatemporalautocorrelatioriunction. Thedepth-timecornversiontakesplacein
equation(3), whereA(k) is evaluatedat £ = 2ws. Assumingr(z) obeys equation(1), A(k) has
thefollowing scalingbehaiour

Ag(k) = o® Aa(k), (5)

wherethe subscriptsd and B referagainto two differentambientpressurestates.For thesetwo
pressurestateghe generalizegrimarypropagatorsead

Wa(z1, 20, w) = Pal(z1, 20, w) Ma(z1, 20, w) = exp{—jwsaAz} exp{—Aa(2w54)Az}  (6)
Wh(21, 20,w) = Pp(21, 20, W) Mp(21, 20, w) = exp{—jwspAz} exp{—Ap(2wsg)Az} (7)
or, usingequationg2) and(5),
Wa(21,20,w) = exp{—jBwssAz}exp{—a’As(20wss)Az}
P21, 20, Bw)[Ma(z1, 20, fw)]*. (8)

Discussion and conclusions

Equation(8) quantifieshescalingbehaiour of thetransmissiomesponseNotethatin bothterms
attheright-handsidethe frequeng is scaledwith the samefactor3. This agreeswith our earlier
obsenation that the arrival time and the width of the wavelet scaleby approximatelythe same
amountwhenthe ambientpressuras changed.The exponenta? in the seconderm accountgor

theamplitudechange Sincethis exponents appliedto afrequeng-dependenterm, thereis nota
simplescalingrelationin thetime-domain.

Althoughwe have madea numberof simplifying assumptionst is worthwile to useequation(8)
asa first approximatanodelfor obsenationslik e thosein Figurel. Estimatingthe parameters
and g from thattype of measurement®r a rangeof differentambientpressuregjivesvaluable
informationaboutthe pressure-dependem¢haiour of thereserwir rock.




