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Introduction

A coupleof yearsago,ultrasonictransmissionmeasurementshavebeencarriedoutonRotliegend
reservoir sandstonesamples(DenBoer, Dillen, DuijndamandFokkema,1996,EAGE; Swinnen,
1997,M.Sc. thesis,Leuven / Delft). The experimentswerecarriedout for a rangeof different
ambientpressures.Figure1 shows thetransmissionresponsesfor pressuresrangingfrom 2 MPa
(the latestarrival) to 20 MPa (thefirst arrival). It appearedthatnot only thearrival time reduces
whentheambientpressureincreases,but that thewidth of thewavelet reducesby approximately
the samerelative amount. In other words, the time-axisseemsto be scaledby a single factor
when the ambientpressureis changedfrom onevalue to another. Also the amplitudechanges
with changingpressure.It hasbeencarefullycheckedthat thesetime andamplitudechangesare
not sourceeffects,but that it is thepropagationthroughthesandstonethatchangeswith changing
pressure.Theaimof thispaperis to giveapossibletheoreticalexplanationfor theobservedscaling
of thetimeaxis.
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Figure1: Transmissionresponsesof Rotliegendreservoir sandstonefor varyingambientpressure.

The binary layered medium approach

We startby makinga strongsimplification,that is, we assumethat the sandstoneis horizontally
layered.Althoughthis is not very realistic,it is a suitablestartingpoint for studyingthescaling
behaviour analytically. The secondassumptionis that the layeredmediumconsistsof only two
typesof material(hencethenamebinarylayeredmedium);thelayerthicknessesarein someway
randomlydistributed.Thethirdassumptionis thatchangesin theambientpressuredonotaffectthe
layer thicknesses,but only thematerialparameters.With theseassumptionsthedepth-dependent
normal-incidenceplane-wave reflectivity ������� obeys thefollowing scalingrelation���	�
������
������������ (1)

wherethesubscripts� and � referto two differentambientpressurestates.Whenthematerialpa-
rametersof bothlayertypesreactsimilarly (in a relativesense)to changesin theambientpressure
then 
���� ; whenthey reactdifferentlythen 
����� . Theaverageslowness�� of thematerialobeys
thefollowing relation ������ � ����"! (2)
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It is beyondthescopeof thispaperto specifythescalingfactors
 and � andtheirmutualrelation.
For ouranalysisit is sufficient to assumethatrelations(1) and(2) hold for somevalueof 
 and � .
Mercerat(2001,M.Sc. thesis,Delft University)hascarriedout numericalmodelingexperiments
with binarylayeredmediaandobserveda scalingbehaviour of thetransmissionresponse,similar
to thatobservedin Figure1. In thefollowing sectionwewill evaluatethescalingbehaviour of the
transmissionresponseof binarylayeredmediaanalytically.

Scaling behaviour of the transmission response

Thenormal-incidenceplane-wave transmissionresponseof a layeredmediumcanbeexpressedin
thefrequency domainin termsof a ‘generalizedprimary’ propagator# �
�%$��&��'(�*)+� , accordingto

# ���%$��&��'��*)+�,� -.�
�%$��&��'(�*)+�0/ ���%$1�&��'��*)+� (3)� 213547698;:<) ���=>�@?A213@4B698DCE�GF�) ����*=>�@?9� =>�H� �%$�8I��'(�
wherethefirst exponentialdescribesthe(flux-normalized)primarypropagationfrom depthlevel��' to �%$ andthe secondexponentialaccountsfor the internalmultiplesgeneratedbetweenthose
two depthlevels. Thefunction C is theFourier transformof the ‘causalpart’ of J ����� , according
to CE�GK��L�NMPO' 2�3@47698;:@K@�@? J �����0Q��5� (4)

where J �
��� is the autocorrelationof the reflectionfunction �5�
��� . Note that equation(3) is the
well-known O’Doherty-Anstey relation,exceptthat CE�
K�� in equation(4) is expressedin termsof
aspatialratherthana temporalautocorrelationfunction.Thedepth-timeconversiontakesplacein
equation(3), where CE�GK�� is evaluatedat K��RFS) �� . Assuming������� obeys equation(1), CE�GK�� has
thefollowing scalingbehaviour C>�	�GK��	��
UTVCW���
K���� (5)

wherethesubscripts� and � referagainto two differentambientpressurestates.For thesetwo
pressurestatesthegeneralizedprimarypropagatorsread

# �L���%$1�&��'��*)+�L�X-Y�����%$��&��'��*)+�Z/,�U�
�%$��&��'��0)+�L� 2�3@47698;:<) ����[=>�@?"2�3@4\698]CW�"�GF�) ����[�0=^�_? (6)

# ���
�%$��&��'��0)+��� -`���
�%$&�&��'��*)+�0/a���
�%$��&��'��0)+�L� 2�3@47698;:<) ��S�B=>�@?"2�3@47698DC>�;�
FS) ����\�*=>�@? (7)

or, usingequations(2) and(5),

# ���
�%$��&��'(�*)+�,� 2�3@47698;:��\) ����b=>�@?"2�3@4\698c
 T CW�"�GF%�7) ����[�*=>�@?� -Y�A�
�%$��&��'(�d�7)+�(ef/,�A���%$1�&��'��d�7)+�hgjiSk1! (8)

Discussion and conclusions

Equation(8) quantifiesthescalingbehaviour of thetransmissionresponse.Notethatin bothterms
at theright-handsidethefrequency is scaledwith thesamefactor � . This agreeswith our earlier
observation that the arrival time andthe width of the wavelet scaleby approximatelythe same
amountwhentheambientpressureis changed.Theexponent
 T in thesecondtermaccountsfor
theamplitudechange.Sincethisexponentis appliedto a frequency-dependentterm,thereis nota
simplescalingrelationin thetime-domain.

Althoughwe have madea numberof simplifying assumptions,it is worthwile to useequation(8)
asa first approximatemodelfor observationslike thosein Figure1. Estimatingtheparameters

and � from that type of measurementsfor a rangeof differentambientpressuresgivesvaluable
informationaboutthepressure-dependentbehaviour of thereservoir rock.


