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Introduction. Inducedchangege.g. dueto explorationactivities)in the subsurfacgeologycanbe detectedf they
canberelatedto atemporalchangan themediumparametersHowever thisis only trueif thetime rateof changes
happeningn atime scalewhichis muchlargerthanthe experimentime of a standardseismicsurvey Theseismic
activity associateavith thistype of diagnosidgs knownas4-D seismicor time-lapseseismicsIn the springof 1996,
thechairmarandchiefexecutiveof Schlumbeger, Mr. E. Baird,announcedhatthe productivityof existingoil fields
couldbeboostedrom arecoveryrateof 35 % to arecoveryrateof 50 %. In this context,Mr. Baird (Corzine,1996)
washinting at an applicationof the 4-D seismictechnologyby statingthatthe key to achievesuchgainwould be a
moreaccurateseismicimagewith the ability to monitorin realtime the fluid movementswithin the oil reservoirs.
Theideaof monitoringthis kind of changesriginatesfrom Nur etal. (1984)who observedsignificantchangesn
the compressionalvavespeedn coressaturatedwvith heavyoil asa functionof theambienttemperatureFromthis
observatiorhe conjecturedhat seismictechniquesould be usedto monitor the thermaleffect of injectedsteamto
enhancehe oil recoveryof a reservoir Todaywe canconfirmthatNur's conjectures a viable optionin reservoir
managemer({Lumley(1995)andLee(1996)).Not only thermaleffectsonwavepropagatiorcanbe monitored.Cruts
etal. (1995)showedthatinducedstressin reservoirrock changeghe anisotropyof rock parametersThis studyis
importantfor the gas-producindieldsin the Northernpart of the Netherlands The hydrostaticpressuralropin the
reservoirdueto gasproductionnduceghesubsidencandtriggerssmallearthquakesn thiscase4-D seismicgould
be usedto forecasthe stresduild-upin the mediumandits geologicalconsequences.

Uptothispointtheresultsof the4-D experimenhavebeeremployedo produceadifferencedatasefromthesurveyat
thestartandtheoneafteracertaintime span(seefor exampleLumley (1995)). Thenfrom this differenceconclusions
aredrawnwith respecto the mediumchange.In this paperwe showthatthis differences relatedto the restricted
areawherethe change®ccurusingthereciprocitytheorem.Moreoverthis formulationallowsusto connecthe two
observationén analgorithmicfashionwhich makest possibleto handle4-D prestackmaging.

Theseismic4-D formulation. Usingtheacoustiaeciprocitytheoren{FokkemaandvandenBerg, 1993),wherestate
0 is connectedvith a seismicexperimentatt = ¢, andstatel relatesto a situationatt = ¢, andonly considering
compressibilitycontrast{ A k), thefollowing boundaryintegralrepresentatiois obtained
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whereA P(x®|x%) = P(x®|x®) — P’ (x"|x®) representthedifferenceof theacoustigressurevavefieldsin both
states(z’ (x|x*) istheGreensfunctionin state0, ¢ isthemasslensityandD,, is acontrasfreedomain sandwitched
betweeny:, _, andX} (seeFigurel).

4-D redatuming. In the previoussectionwe havegiven anexactexpressiorfor the differencefield A P(x*|x*) in
termsof boundaryintegralsalongX®_, andX;}, assuminghatx”® andx® aresituatedin thedomainI,,. Sincein
practicethemeasurementsrecarriedoutwith x™ andx® ator justbelowthesurfacewe needaprocedureo redatum
thedatafrom the surfaceto virtual acquisitionlevelsin anyof the domains,,. Themaincomplicationis causedy
the contrastdomainsD{...ID% _, in which the changesavetakenplacebetweerthe measuremertimes#, andt;.
Thereforewe proposeto redatumpP?(x|x®) and P*(x*|x*) adaptively thusaccountingfor the differenceof the
macromodelsin thecontrastdomainshs... D¢, _,. A P(x®|x*) is obtainedoy subtractingheresults.Usingtheone-
way approacho redatumingWapenaaandBerkhout,1989)meanghatin equation(1) theintegralover boundary



Figurel: Thecontrasdomainsd, in the4-D seismicsituation.
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4-D imaging. Usingreciprocityandevaluatingthe pertainingcontributionsatthe boundary®, we arrive at
AP(x|x*) = [zﬂ' - W7 (x"x') AR (%' |x) W (x|x7)S(w)d A(x')d A(x) (3)
S forx® x°em,, n=1,2 ..

whereS(w) is the spectrumof the sourcewavelet, AR. is the differenceof the reflectionoperatorsn both states,
accordingo

AR(x'[x) = R'(x'|x) - R(x'|x) (4)

andW is apropagatardefinedn termsof the Greens functionGP. This setof equationsonstituteshebasisfor 4-D
prestackmagingof theboundarie£} . Optionallyasecondedatuming:anbecarriedoutviatheimagedooundaries,
followed by a prestackmagingof theboundariex, .
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