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STEAM ASSISTEDGRAVITYDRAINAGEPROCESS

Steam assistedgravitydrainage.Steam assistedgravitydrainageorSAGDisamethodthat
iswidelyused to extractbitumen from underground oilsandsdeposits.Thismethod
involvesforcingsteam intosub-surfaceoilsandsdepositstoheatthebitumenlockedinthe
sand,allowingittoflow wellenoughtobeextracted.IntheSAGD process,twoparallel
horizontaloilwellsaredrilledintheformation,oneabout4to6metresabovetheother.The
upperwellinjectssteam,andtheloweronecollectstheheatedcrudeoilorbitumenthat
flowsdownduetogravity,plusrecoveredwaterfrom thecondensationoftheinjected
steam.ThebasisoftheSAGDprocessisthatthermalcommunicationisestablishedwith
thereservoirsothattheinjectedsteam formsa"steam chamber".Theheatfrom thesteam
reducestheviscosityoftheheavycrudeoilorbitumenwhichallowsittoflowdownintothe
lowerwellbore.Thesteam andassociatedgasrisebecauseoftheirlowdensitycomparedto
theheavycrudeoilbelow,ensuringthatsteam isnotproducedatthelowerproductionwell,
tendtoriseinthesteam chamber,fillingthevoidspaceleftbytheoil.Associatedgasforms,
toacertainextent,aninsulatingheatblanketabove(andaround)thesteam.Oilandwater
flowisbyacountercurrent,gravitydrivendrainageintothelowerwellbore.Thecondensed
waterandcrudeoilorbitumenisrecoveredtothesurfacebypumpssuchasprogressive
cavitypumpsthatworkwellformovinghigh-viscosityfluidswithsuspendedsolids.Sub-cool
isthedifferencebetweenthesaturationtemperature(boilingpoint)ofwaterattheproducer
pressureandtheactualtemperatureatthesameplacewherethepressureismeasured.The
highertheliquidlevelabovetheproducerthelowerthetemperatureandhigheristhesub-
cool.Howeverreallife reservoirs are invariably heterogeneous therefore itbecomes
extremelydifficulttoachieveauniform sub-coolalongtheentirehorizontallengthofawell.
Asa consequence manyoperators,when faced with uneven stunted steam chamber
development,allowasmallquantityofsteam toenterintotheproducertokeepthebitumen
in the entire wellbore hothence keeping its viscositylow with the added benefitof
transferringheatto colderpartsofthereservoiralongthewellbore.Anothervariation
sometimescalledPartialSAGDisusedwhenoperatorsdeliberatelycirculatesteam inthe
producerfollowingalongshut-inperiodorasastartupprocedure.Thoughahighvalueof
sub-coolisdesirablefrom athermalefficiencystandpointasitgenerallyincludesreduction
ofsteam injection rates butitalso results in slightly reduced production due to a
correspondinghigherviscosityandlowermobilityofbitumencausedbylowertemperature.
Anotherdrawbackofveryhighsub-coolisthepossibilityofsteam pressureeventuallynot
being enough to sustain steam chamberdevelopmentabove the injector,sometimes
resultingincollapsedsteam chamberswherecondensedsteam floodstheinjectorand
precludesfurtherdevelopmentofthechamber.Theprocessisrelativelyinsensitivetoshale
streaksandotherverticalbarrierstosteam andfluidflow because,astherockisheated,
differentialthermalexpansion allowssteam and fluidsto gravityflow through to the
productionwell.Thisallowsrecoveryratesof60%to70%ofoilinplace,eveninformations
withmanythinshalebarriers.Thermally,SAGDisgenerallytwiceasefficientastheolder
cyclicsteam stimulation(CSS)process,anditresultsinfarfewerwellsbeingdamagedby



thehigh pressuresassociated with CSS.Combined with thehigheroilrecoveryrates
achieved,thismeansthatSAGDismuchmoreeconomicthancyclicsteam processeswhere
thereservoirisreasonablythick

CYCLICSTEAM STIMULATION
This technique is byfarthe mostpopular3 thermalstimulation process and willbe
discussedingreatdetailinthisthesis.Steam isinjectedintoaformationathighratesfor
severalweeksthroughaverticalwell.Thewellisthenshut-inforacertainperiodoftime,
whichiscalled“soak”period.Steam condensesintheformation,thusheatingthereservoir
rockandfluidsaroundthewellbore.Duringthisperiodtheoilviscosityisreducedbymany
times.Theamountofoilproducedinacyclicsteam injectionprocessdependslargelyonthe
howmuchtheviscosityofoilisreduced,whichiscontrolledbytheamountofheatthatis
transferredfrom theinjectedsteam tothereservoir.Theheatedsandcontainsmobilizedoil,
steam andwater.Theoilandotherfluidsareexpelledoutasthesandfacepressureis
loweredwhenthewellisputonproduction.Oilisproduceduntilthewellreachesan
economiclimitandthecycleisrepeatedagain.
There are severalmechanics ofoilproduction during this process.In high pressure
reservoirs,oilisproducedathigherratesduetotheavailabilityofthedrivingforce,increase
inoilmobilityasaresultofdecreasedviscosity.Gravitydrainageisalsoasignificant
mechanism inthickformations,pressuredepletedreservoirs.Thelow densityphasei.e.,
steam,inthiscase,displacestheoilasitdrains.Anothermechanism isthecompaction
drive,whichisseeninBolivarCoastinWesternVenezuela.Astheporepressurefalls,there
isaconsolidationinthereservoirrock,whichresultsindecreaseinaverageporosity,and
hence,oilissqueezedoutfrom theporousrock.Anothersignificantmechanism whichisthe
keytosuccessinColdLakeisformationfracturing.Steam isinjectedatfracturepressure
creatingfracturesintheformationandresultinginincreaseintheproductivityofthe
reservoir.Apartoftheinjectedenergyisstoredintheform ofpotentialenergybyliftingthe



groundatthesurface.Whenthewellisputonproduction,thefluidsaresqueezedoutofthe
formation5.

HOTWATERFLOODING
Hotwaterfloodingalsoknownashotwaterinjectionisatechniqueofincreasingcrudeoil
productionfrom aproducingwellbyinjectinghotwaterintothereservoir.Thehotwateris
injectedthroughaninjectionwellwhichisdrilledparalleltotheprimaryproducingwell.The
heatfrom thehotwateractsasawayofreducingtheviscosityofcrudeoil,makingittoflow
towardtheproducingwellwithease.Hotwaterfloodingisgenerallyusedtoextractcrudeoil
whichhasanAPIdegreeoflessthan20.Hotwaterfloodingisconsideredasoneofthe
techniquesofincreasingcrudeoilproductionunderEnhancedOilRecoveryTechnique(EOR)
andthermalrecovery.Itislesseffectivethansteam injectionprocess,duetothefactthat
hotwaterhasalowerheatcontentascomparedtosteam.Overtimethepressureinanoil
reservoirslowlyandsteadilydecreasesandasaresulttheproductionratedecreases.This
isoneofthetechniquesusedbyE&Porganizationstoenhancetheproductionofheavyto
medium categorycrudeoilfrom areservoir.Tousethistechnique,aninjectionwellisdrilled
paralleltotheprimaryproducingwellthroughwhichhotwaterisinjectedforcefullyintothe
reservoirinthedirectionoftheproducingwell.
Thebenefitsofinjectingwaterintothereservoirare:
•Itsupportsthereservoirpressure,alsoknownasvoidagereplacement.
•Asoilislighterthanwaterhenceitfloatsontopofthewater.Also,theheatcontentofthe
waterreducestheviscosityofheavycrudeoil,makingitnottostickontheedgesofthe
reservoirandmovequicklytowardtheproducingwell.Thus,waterhelpsindisplacingoil
from itslocationinthereservoirandpushesittowardtheproducingwell.
Withthistechnique,oilrecoveryfactorcanbeincreasedandwellproductionratecanbe
maintainedforalongerperiod.




