
INTRODUCTIONThebasicobjectiveofthisstudywastoevaluatetherelativeoilrecoverypotentialoftheSadlerochitReservoiratPrudhoeBayunderanumberofdifferentoperatingconditionsThereservoirwasmodeledincrosssectionusingasixlayeredtwodimensionalthreephasemathemeticalfluidflowsimulatorThisworkwasprecededbyapublishedvolumetricstudy1andotherindependentconfiden2tialstudiesbasedonproprietaryinformationwhichweredesignedtodevelopthebestbasicdatawithwhichtodescribeinitialreservoirgeometryvolumefluidandenergyconditionsDuringDecember1975apreliminarysummaryofthisstudywasissuedSincethattimefiveadditionalcaseshavebeenstudiedandarereportedasRunNos25through29ContentsoftheDecember1975preliminaryreporthavebeenupdatedandcorrectedItshouldberecognizedthatthepreliminaryreportissupercededbythepresentreportBOUNDARYCONDITIONSGeneralboundaryconditionswereestablishedsuchthatthefollowingbasiccasescouldbeevaluatedandcompared1Depletiondrivewithgascapexpansionand92gasreinjection8forfielduseintothegascapfromthestart0fproducingoperationsnoaquifer1InPlaceVolumetricDeterminationofReservoirFluidsSadlerochitFormationPrudhoeBayFieldStateofAlaskaDepartmentofNaturalResourcesDivisionofOilandGasJune1974HKvanPoollenandAssociatesIncStudiespreparedbyHKvanPoollenandAssociatesIncfortheDepartmentofNaturalResourcesStateofAlaska



2Depletiondrivewithgascapexpansionand92gasreinjectionsupplementedbyamoderatesizedaquifer3Depletiondrivewithgascapexpansion92gasreinjectionandamoderatesizedaquifersupplementedbywaterinjectionbeginning475yearsafterthestartofproductionWaterinjectionratewassetat125ofthemaximumoilproducingrate4Ailoftheprecedingcaseswerealsoconsideredwithgascapsalesof2MMMSCFDandsomecaseswith3MMMSCFDand4MMMSCFDbeginning275yearsafterthestartofproductionAilgassalesrateswerenetafter12removaltoaccountforCO2contentand100MMSCFDassumedforfuelconsumption5TenspecialcasesallwithaquiferwaterinjectionandgascapsaleswherecertainoperatinglimitswerechangedaFivewellgroupswererecompletedandGORlimitsincreasedto25000SCFSTBonallwellsafter13yearsGORlimitotherwisewas15000SCFSTBandWORlimitwas3STBSTBforallcasesbTwomorewellgroupswereaddednearthegasoilcontactafter1475yearstocontrolthepotentiallossofoilintothegascap6Fiveoftheabovespecialcaseshadgassalesdelayeduntil675years7Arangeofmaximumsustainedoilproducingratesof12MMSTBD16MMSTBDand18MMSTBDwassetformostoftheprecedingcasesAilrunswerescheduledtoproduceat06MMSTBDforthefirst3months14MMSTBDforthenext12monthsandthenatoneoftheabovemaximumratesuntilthestartofdeclineAtotalof29caseswererunandtheirresultsaresummarizedinTableI



SUMMARYListedinTableIarecomparablenumbersforeachofthe29casesrunwheretheendpointfieldproducingratereaches100000STBofoildayRunNo24withnetgassalesof40MMMSCFDafter275yearswasterminatedafter20yearsbecausepressurebecamelowinthegascapOilrateafter20yearswas123000STBDFigure1illustratesgraphicallytherelativemagnitudeofoilrecoveryforeachcaselistedinTableIDetailedyearlyresultsofeachrunarelistedinTablesIIthroughXXXwithallnumberstakenatyearendFigures19through47showoilnetgasandwaterproductionrateandcumulativeproductionforeachphaseversustimeFigures48through76showoilratewaterinjectionGORWORandoilzonepressureversuspercentoilrecoveryBasicconditionsandresultsofeachrunarefurtherdescribedinAppendixAAsummaryanalysisfollows1Oilrecoveriesatanendpointfieldproducingrateof100MSTBDrangefromalow605MMMSTBtoahighof818MMMSTBTheserecoveriesareequivalentto316and428oforiginalstocktankoilinplaceRunNos24and102Thehighestoilrecoverieswereobtainedunderconditionsofanaquifersupplementedbywaterinjectionandnogassales92reinjectedwiththebalanceforfielduseRecoveriesrangedfrom770MMMSTBatamaximumsustainedoilrateof18MMSTBDto818MMMSTBatamaximumsustainedoilrateof12MMSTBDTheserecoverieswereobtainedafter1725yearsto250yearsRunNos1011and123Thesehigherrangesofoilrecoveriescanbeapproachedunderconditionsof20MMMSCFDgassalesandwaterinjectionifcertainoperating



limitsarechangedasinBoundaryConditionspoint5Thisistrueatthehigheroilproducingratesof16MMSTBDand18MMSTBDwhererecoverieswere784MMMSTBand780MMMSTBafter275yearsand2625yearsrespectivelyRunNos21and224Increasinggassalesabove2MMMSCFDforagivenmaximumsustainedoilrate16MMSTBDresultedinsuccessivelyreducedoilrecoveriesThisistrueforallcasescomparedasshowninFig25Delayinggassalesfrom275yearsto675yearshadverylittleeffectonoilrecoveryinthehigheroilratecases16MMSTBDand18MMSTBDwhenthegassalesratewas20MMMSCFDRunNos212226and27InthecaseofloweroilratesorhighergassalesrateshoweverdelayofgassalesresultedinimprovedoilrecoveriesaWithgassalesof20MMMSCFDandmaximumoilrateof12MMSTBDoilrecoverywasincreasedfrom735MMMSTBto785MMMSTBorby68RunNos20and25bWithgassalesof30MMMSCFDandmaximumoilrateof16MMSTBDoilrecoverywasincreasedfrom702MMMSTBto745MMMSTBorby61RunNos23and28cWithgassalesof40MMMSCFDandmaximumoilrateof16MMSTBDoilrecoverywasincreasedfrom605MMMSTBto706MMMSTBorby160RunNos24and296ThelowestrecoveriesresultedunderacombinationofdepletiongascapexpansiondrivenoaquiferorwaterinjectionandpartialgassalesRecoveriesinthiscategoryrangedfrom610MMMSTBto644MMMSTBproducedwithin1825to1975yearsRunNos45and67Recoveryisessentiallyindependentofoilproducingratewithintherangeof12MMSTBDto18MMSTBDunderconditionsofnogassalesandnowaterinjectioneitherwithorwithoutanaquiferRunNos12378and9



Gasrecoveriesrangedupto30182MMMMSCFor7233oforiginaltotalgasinplaceThiswasforthehighestgassalesratecaseof40MMMSCFDafter275yearsRunNo24QUALIFICATIONSThenumbersinthisreportshouldbeconsideredrelativeratherthanabsoluteReservoirperformancepredictionsonafieldwithoutproductionhistoryareapproximateatbestAbsolutevaluesshouldbeusedwithcautionbutrelativevaluescanbeusedtocompareproductionscheduleswithconfidenceThefinalrecoveriesofbothoilandgasareinfluencedbytheoperationalconditionsassumedandthedatainputtothemodelThemodeldatawasbased2onvolumetricstudies1independentaquiferresponse2gasconinggravity2drainagestudiesandresidualoilsaturationsfromcoresSeparatesensitivitystudies2showthataquiferresponsewillprobablybemoderatetononexistentEarlyproductionandpressurehistoryshouldbemonitoredcarefullytodeterminetheeffectivenessofawaterdriveConingstudies2haveshownthatearlygasbreakthroughcouldoccurHowevertheextentofimpermeablebarriersproductionrateanddistanceofperforationsfromthegasoilcontactgreatlyaffectsthisbehaviorTheresultsofthepresentstudyaredesignedtoshowtheoveralleffectoffluidwithdrawalsongrossreservoirbehaviorDetailedresultsbasedontheavailabledatawouldbepresumptuousintheabsenceofsomeproductionhistoryRecoveryofliquidsfromthegascapwasnotconsideredinthemodelpredictionsWhiletheinclusionofgascapliquidswouldprovidearelativeimprovementtototalliquidrecoveriesinthegassalescasesthisimprovementwouldnotbeofsufficientmagnitudetochangethebasicIbidp1Ibidp1


