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EXPLANATIONOFSTEAMASSISTEDGRAVITYDRAINAGEPROCESS

IntheSAGDprocess,twoparallelhorizontaloilwellsaredrilledintheformation,one

about4to6metresabovetheother.Theupperwellinjectssteam,andthelowerone

collectstheheatedcrudeoilorbitumenthatflowsdownduetogravity,plusrecovered

waterfromthecondensationoftheinjectedsteam.ThebasisoftheSAGDprocessis

thatthermalcommunicationisestablishedwiththereservoirsothattheinjected

steamformsa"steamchamber".Theheatfromthesteamreducestheviscosityofthe

heavycrudeoilorbitumenwhichallowsittoflowdownintothelowerwellbore.The

steamandassociatedgasrisebecauseoftheirlowdensitycomparedtotheheavycrude

oilbelow,ensuringthatsteamisnotproducedatthelowerproductionwell,tendtorise

inthesteamchamber,fillingthevoidspaceleftbytheoil.Associatedgasforms,toa

certainextent,aninsulatingheatblanketabove(andaround)thesteam.Oilandwater

flow isbyacountercurrent,gravitydrivendrainageintothelowerwellbore.The

condensedwaterandcrudeoilorbitumenisrecoveredtothesurfacebypumpssuchas

progressivecavitypumpsthatworkwellformovinghigh-viscosityfluidswithsuspended

solids.Sub-coolisthedifferencebetweenthesaturationtemperature(boilingpoint)of

waterattheproducerpressureandtheactualtemperatureatthesameplacewhere

thepressureismeasured.Thehighertheliquidlevelabovetheproducerthelowerthe

temperatureandhigheristhesub-cool.Howeverreallifereservoirsareinvariably

heterogeneousthereforeitbecomesextremelydifficulttoachieveauniformsub-cool

alongtheentirehorizontallengthofawell.Asaconsequencemanyoperators,when

facedwithunevenstuntedsteamchamberdevelopment,allowasmallquantityofsteam

toenterintotheproducertokeepthebitumenintheentirewellborehothencekeeping
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itsviscositylow withtheaddedbenefitoftransferringheattocolderpartsofthe

reservoiralongthewellbore.AnothervariationsometimescalledPartialSAGDisused

whenoperatorsdeliberatelycirculatesteam intheproducerfollowingalongshut-in

periodorasastartupprocedure.Thoughahighvalueofsub-coolisdesirablefroma

thermalefficiencystandpointasitgenerallyincludesreductionofsteam injection

ratesbutitalsoresultsinslightlyreducedproductionduetoacorrespondinghigher

viscosityandlowermobilityofbitumencausedbylowertemperature.Anotherdrawback

ofveryhighsub-coolisthepossibilityofsteampressureeventuallynotbeingenoughto

sustain steam chamber development above the injector,sometimes resulting in

collapsedsteam chamberswherecondensedsteam floodstheinjectorandprecludes

furtherdevelopmentofthechamber.Theprocessisrelativelyinsensitivetoshale

streaksandotherverticalbarrierstosteam andfluidflow because,astherockis

heated,differentialthermalexpansionallowssteamandfluidstogravityflowthrough

totheproductionwell.Thisallowsrecoveryratesof60%to70%ofoilinplace,evenin

formationswith manythin shale barriers.Thermally,SAGD isgenerallytwice as

efficientastheoldercyclicsteamstimulation(CSS)process,anditresultsinfarfewer

wellsbeingdamagedbythehighpressuresassociatedwithCSS.Combinedwiththe

higheroilrecoveryratesachieved,thismeansthatSAGDismuchmoreeconomicthan

cyclicsteamprocesseswherethereservoirisreasonablythick
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Figure1.0:Atypicalsteamassistedgravitydrainage

EXPLANATIONCYCLICSTEAMSTIMULATION

Thistechniqueisbyfarthemostpopular3thermalstimulationprocessandwillbe

discussedingreatdetailinthisthesis.Steamisinjectedintoaformationathighrates

forseveralweeksthroughaverticalwell.Thewellisthenshut-inforacertainperiod

oftime,whichiscalled“soak”period.Steamcondensesintheformation,thusheating

thereservoirrockandfluidsaroundthewellbore.Duringthisperiodtheoilviscosityis

reducedbymanytimes.Theamountofoilproducedinacyclicsteaminjectionprocess

dependslargelyonthehowmuchtheviscosityofoilisreduced,whichiscontrolledby

theamountofheatthatistransferredfromtheinjectedsteamtothereservoir.The

heatedsandcontainsmobilizedoil,steam andwater.Theoilandotherfluidsare

expelledoutasthesandfacepressureisloweredwhenthewellisputonproduction.Oil

isproduceduntilthewellreachesaneconomiclimitandthecycleisrepeatedagain.
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Figure2.0:Atypicalcyclicsteaminjectionprocess

Thereareseveralmechanicsofoilproductionduringthisprocess.Inhighpressure

reservoirs,oilisproducedathigherratesduetotheavailabilityofthedrivingforce,

increaseinoilmobilityasaresultofdecreasedviscosity.Gravitydrainageisalsoa

significantmechanism in thick formations,pressure depletedreservoirs.The low

densityphasei.e.,steam,inthiscase,displacestheoilasitdrains.Anothermechanism

isthecompactiondrive,whichisseeninBolivarCoastinWesternVenezuela.Asthe

porepressurefalls,thereisaconsolidationinthereservoirrock,whichresultsin

decreaseinaverageporosity,andhence,oilissqueezedoutfrom theporousrock.

Anothersignificantmechanism whichisthekeytosuccessinColdLakeisformation

fracturing.Steamisinjectedatfracturepressurecreatingfracturesintheformation

andresultinginincreaseintheproductivityofthereservoir.Apartoftheinjected

energyisstoredintheformofpotentialenergybyliftingthegroundatthesurface.

Whenthewellisputonproduction,thefluidsaresqueezedoutoftheformation5.
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EXPLANATIONOFHOTWATERFLOODING

Hotwaterfloodingalsoknownashotwaterinjectionisatechniqueofincreasingcrude

oilproductionfromaproducingwellbyinjectinghotwaterintothereservoir.Thehot

waterisinjectedthroughaninjectionwellwhichisdrilledparalleltotheprimary

producingwell.Theheatfromthehotwateractsasawayofreducingtheviscosityof

crudeoil,makingittoflowtowardtheproducingwellwithease.Hotwaterfloodingis

generallyusedtoextractcrudeoilwhichhasanAPIdegreeoflessthan20.Hotwater

floodingisconsideredasoneofthetechniquesofincreasingcrudeoilproductionunder

EnhancedOilRecoveryTechnique(EOR)andthermalrecovery.Itislesseffectivethan

steaminjectionprocess,duetothefactthathotwaterhasalowerheatcontentas

comparedtosteam.Overtimethepressureinanoilreservoirslowlyandsteadily

decreasesandasaresulttheproductionratedecreases.Thisisoneofthetechniques

usedbyE&Porganizationstoenhancetheproductionofheavytomedium category
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crudeoilfromareservoir.Tousethistechnique,aninjectionwellisdrilledparallelto

theprimaryproducingwellthroughwhichhotwaterisinjectedforcefullyintothe

reservoirinthedirectionoftheproducingwell.

Thebenefitsofinjectingwaterintothereservoirare:

 Itsupportsthereservoirpressure,alsoknownasvoidagereplacement.

 Asoilislighterthanwaterhenceitfloatsontopofthewater.Also,theheat

contentofthewaterreducestheviscosityofheavycrudeoil,makingitnotto

stickontheedgesofthereservoirandmovequicklytowardtheproducingwell.

Thus,waterhelpsindisplacingoilfromitslocationinthereservoirandpushesit

towardtheproducingwell.

Withthistechnique,oilrecoveryfactorcanbeincreasedandwellproductionratecan

bemaintainedforalongerperiod.
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Figure3.0:AtypicalHotwaterfloodingprocess


