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Introduction. Inducedchanges(e.g. dueto explorationactivities)in thesubsurfacegeologycanbedetectedif they
canberelatedto atemporalchangein themediumparameters.However, this is only trueif thetimerateof changeis
happeningon a time scalewhich is muchlargerthantheexperimenttime of a standardseismicsurvey. Theseismic
activity associatedwith this typeof diagnosisis knownas4-D seismicsor time-lapseseismics.In thespringof 1996,
thechairmanandchiefexecutiveof Schlumberger, Mr. E.Baird,announcedthattheproductivityof existingoil fields
couldbeboostedfrom a recoveryrateof 35% to a recoveryrateof 50%. In thiscontext,Mr. Baird (Corzine,1996)
washinting at anapplicationof the4-D seismictechnologyby statingthat thekey to achievesuchgainwould bea
moreaccurateseismicimagewith theability to monitor in real time thefluid movementswithin theoil reservoirs.
The ideaof monitoringthis kind of changesoriginatesfrom Nur et al. (1984)who observedsignificantchangesin
thecompressionalwavespeedin coressaturatedwith heavyoil asa functionof theambienttemperature.Fromthis
observationheconjecturedthatseismictechniquescouldbeusedto monitor the thermaleffect of injectedsteamto
enhancetheoil recoveryof a reservoir. Todaywe canconfirmthatNur’s conjectureis a viableoption in reservoir
management(Lumley(1995)andLee(1996)).Not only thermaleffectsonwavepropagationcanbemonitored.Cruts
et al. (1995)showedthat inducedstressin reservoirrock changestheanisotropyof rock parameters.This studyis
importantfor thegas-producingfields in theNorthernpartof theNetherlands.Thehydrostaticpressuredropin the
reservoirdueto gasproductioninducesthesubsidenceandtriggerssmallearthquakes.In thiscase4-D seismicscould
beusedto forecastthestressbuild-upin themediumandits geologicalconsequences.

Upto thispointtheresultsof the4-Dexperimenthavebeenemployedtoproduceadifferencedatasetfromthesurveyat
thestartandtheoneafteracertaintimespan(seefor exampleLumley(1995)).Thenfrom thisdifferenceconclusions
aredrawnwith respectto themediumchange.In this paperwe showthat this differenceis relatedto therestricted
areawherethechangesoccurusingthereciprocitytheorem.Moreoverthis formulationallowsusto connectthetwo
observationsin analgorithmicfashionwhichmakesit possibleto handle4-D prestackimaging.

The seismic 4-D formulation. Usingtheacousticreciprocitytheorem(FokkemaandvandenBerg,1993),wherestate
0 is connectedwith a seismicexperimentat
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andstate1 relatesto a situationat

�������
, andonly considering

compressibilitycontrasts( 	�
 ), thefollowing boundaryintegralrepresentationis obtained
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where	���H� � � � � � � � � �� � � � � � + � � �� � � � � � representsthedifferenceof theacousticpressurewavefieldsin both
states,) � H�I� � � � is theGreen’sfunctionin state0, # is themassdensityand ;>= ? is acontrastfreedomain,sandwitched
betweenJLK? K � and J8M? (seeFigure1).

4-D redatuming. In theprevioussectionwe havegivenanexactexpressionfor thedifferencefield 	���H� � � � � � in
termsof boundaryintegralsalong JLK? K � and J8M? , assumingthat � � and � � aresituatedin thedomain ;>=N? . Sincein
practicethemeasurementsarecarriedoutwith � � and� � ator justbelowthesurface,weneedaprocedureto redatum
thedatafrom thesurfaceto virtual acquisitionlevelsin anyof thedomains;>= ? . Themaincomplicationis causedby
thecontrastdomains;>=PO � DGDFD>;>=(O? K � in which thechangeshavetakenplacebetweenthemeasurementtimes

���
and

���
.

Thereforewe proposeto redatum� � �� � � � � � and � � �� � � � � � adaptively, thusaccountingfor thedifferenceof the
macromodelsin thecontrastdomains;Q=�O � DFDFD>;Q=(O? K � . 	����� � � � � � is obtainedby subtractingtheresults.Usingtheone-
way approachto redatuming(WapenaarandBerkhout,1989)meansthat in equation(1) theintegraloverboundary
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Figure1: Thecontrastdomains;Q= O? in the4-D seismicsituation.JLK? K � is neglected,leaving
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4-D imaging. Usingreciprocityandevaluatingthepertainingcontributionsat theboundaryJ8M? , wearriveat
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where �,F�I� is the spectrumof the sourcewavelet, 	�� is the differenceof the reflectionoperatorsin both states,
accordingto 	��������� ��� � � � H����� ��� + � � ������ ��� (4)

and
�

is apropagator, definedin termsof theGreen’sfunction ) � . Thissetof equationsconstitutesthebasisfor 4-D
prestackimagingof theboundariesJ8M? . Optionallyasecondredatumingcanbecarriedoutvia theimagedboundaries,
followedby a prestackimagingof theboundariesJ K? .
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