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ABSTRACT

TheInflowPerformanceRelationship(IPR)describesthebehaviorofthewell’sflowing

pressureandquantifiesitsproductionrate.DifferentIPRcorrelationsexisttodayinthe

petroleum industrywiththemostcommonlyusedmodelsarethatofVogel’sand

Fetkovich’s.

Inthiswork,anewmodeltopredicttheIPRcurvewasdeveloped,usinganewcorrelation

thataccuratelydescribesthebehaviorofawellflow-rateasafunctionoftheaverage

reservoirpressure.Thisnewcorrelationwasobtainedusingactualfieldcases.Afterthe

developmentofthenewmodel,itsvaliditywastestedbycomparingitsaccuracywith

thatofthemostcommonIPRmodelssuchasVogel,Fetkovich,andWiggins.

Theresultsofthiscomparisonshowedthat:thenewdevelopedmodelgavethebest

accuracywithanabsoluteerrorof5.54%,whiletheothercommonmodelsareranked,

accordingtotheiraccuracyinthefollowingordertobeFetkovich,Vogel,andWiggins,

withabsoluteerrorsof6.73%,23.18%,and32.3%respectively.
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CHAPTERONE

Introduction

1.1Problem Statement

SolutiongasdrivealsoknownasDissolvedgasdriveorInternalgasdrive

reservoirsarecharacterizedbyarapidandcontinuousdeclineofreservoirpressure.

Thisreservoirpressurebehaviorisattributedtothefactthatnoextraneousfluidsorgas

capsareavailabletoprovideareplacementofthegasandoilwithdrawals(Tarek,2001).

Thisrapidandcontinuousdeclineofreservoirpressurecausesadirectdeclineof

reservoirperformanceatearlystagesofthelifeofthereservoir.Moreover,theprincipal

sourceofenergywhichisgasliberationfrom thecrudeoilandthesubsequent

expansionofthesolutiongasasthereservoirpressureisreducedareinadequateto

producesuchreservoirstotheirfullcapacities(Tarek,2001).Ultimateoilrecoveryfrom

naturalflowofasolutiongasdrivereservoir(lessthan5%toabout30%)makesitoneof

theleastefficientprimaryrecoverymechanisms(Tarek,2001).Thelowrecoveryfrom

thistypeofreservoirsuggeststhatlargequantitiesofoilremaininthereservoirand,

therefore,solutiongasdrivereservoirsareconsideredthebestcandidatesforsecondary

recoveryapplications.

Artificiallifttechnologiessuchascontinuousgaslift,gasliftwithvelocitystrings

andpositivedisplacementpumpingmethodisthereforeemployedatlaterphasesofthe

reservoirinordertoincreasetheultimaterecovery.Themainchallengeistoknowwhen

tochangeexistingproductionmechanism toanewoneforoptimum recovery.A

productiondesignhasthereforebeenmadeinanattempttosolvingthisproblem with

respecttoconstraintssuchasmaximum productionrate,maximum drawdown,and
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availablegaslift.

Theflowingbottom-holepressurerequiredtoliftthefluidsuptothesurfacemay

beinfluencedbysizeofthetubingstring(Lyons,1996)andforthatmatterthetimewhen

tubingstringsshouldbereplacedasafunctionofcumulativeproductionisnecessary.

1.2MethodofConductingtheProject

ExcelVBAtoanalyzevariousmethodsforanalyzingInflowperformancerelationshipon

asolutiongasdrivereservoirmodel.Aftergettingthesimulateddataset,withtheaidof

sensitivityanalysisselectthemostaccurate.ThencreateaNew IPRmodelfrom the

selectedbytweakingitsequationtoobtainanewequation.Thenapplythenewequation

onthesamereservoirmodeltoobtainanewdataset.Thencompareandcontrastboth

equations.

1.3Aim andObjectives

Examineaproductiondata(flowingpressureandactualflow-rate)ofastandard

ReservoirmodelbycomparingthecommonlyusedmodelsVogel’s,Fetkovich’sand

Wiggin'susingExcelVisualBasicforApplication.

I. TestsomeoftheavailableIPRmethodsonaFieldproductiondata.

II. Perform SensitivityanalysistestviaErrorcalculationtoselectthemostaccurate

IPRmodel.

III. DevelopanewIPRmodelfrom theselectedmodelandcomparebothmodels.
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1.4OutlineofthisProject

Theprojectconsistsoffive(5)chapters.Chapter1definestheproblem athand,

themethod which theprojectfollowsand objectives.Chapter2 presentsa

literaturereviewofthetopicaswellasthetechnicaltermsthatmakeupthetopic.

Chapter3 introducesathorough review on Inflow PerformanceRelationship

modelandcommonlyknownmodels.Chapter4focusesontheapplicationof

sometothecommonmodelsonanactualfielddataanddevelopmentofournew

modelfrom themostaccuratemodelamongstthecommonmodelChapter5

givesasummaryand conclusionsstemming from thisprojectand provides

recommendationsforfutureresearchworkinthisarea.Thisworkfocuseson

applyingournewlydevelopedmodel,inthiscasecost,tohelpawelltooptimally

meetitsrecommendedflow capacitywhichenhanceseconomicevaluationin

solvingareallifeproblem.
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CHAPTERTWO

LiteratureReview

TheInflowPerformanceRelationship(IPR)describesthebehaviourofawell’s

flowingpressureandproductionrate,whichisanimportanttoolinunderstandingthe

reservoirorwellbehaviourandquantifyingtheproductionrate.TheIPRisoftenrequired

fordesigningwellcompletion,optimizingwellproduction,nodalanalysiscalculations,

anddesigningartificiallift.DifferentIPRcorrelationsexisttodayinthepetroleum

industrywiththemostcommonlyusedmodelsbeingthatofVogel’sandFetkovich’s

(Mohammedetal,2009).

2.1ReservoirNaturalDriveMechanisms

Naturaldrivemechanismsrefertotheenergyinthereservoirthatallowsthefluidto

flowthroughtheporousnetworkandintothewells.Initssimplestdefinition,reservoir

energyisalwaysrelatedtosomekindofexpansion(Cosentino,2001).Foraproper

understandingofreservoirbehaviourandpredictingfutureperformance,itisnecessary

tohaveknowledgeofthedrivingmechanismsthatcontrolthebehaviouroffluidswithin

reservoirs.Severaltypesofexpansionstakeplaceinsideandoutsidethereservoir,asa

consequenceoffluidwithdrawals.Insidethereservoir,theexpansionofhydrocarbons,

connatewaterandtherockitselfprovidesenergyforthefluidtoflow.Outsidethe

producingzone,theexpansionofagascapand/orofanaquifermayalsosupply

significantamountofenergytothereservoir.Inthiscase,theexpansionofanexternal

phasecausesitsinfluxintothereservoirandwillultimatelyresultinadisplacement

process(Cosentino,2001).Therearebasicallysixdrivingmechanismsthatprovidethe
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naturalenergynecessaryforoilrecovery:

1.Rockandliquidexpansiondrive

2.Depletiondrive

3.Gascapdrive

4.Waterdrive

5.Gravitydrainagedrive

6.Combinationdrive

Thefigures2.1and2.2belowcomparevariouscharacteristicsofthedrivemechanisms.

ReservoirPressureTrends

8

100

Cumulativeoilproduced,%oforiginaloilinplace

Figure1:Typicalpressuretrendsofsomedrivemechanisms

Solution–gas
Drive

Waterdrive

Gas–cap
Drive

0

Reservoir
Pressure,%of
Original
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Figure2:TypicalGas–OilRatioTrendsofSomeDriveMechanisms

TheattentionofthisprojectisontheDepletiondrivemechanism alsoknownasthe

solutiongasdrivemechanism whichisreviewedasfollows.

2.2Solution–GasDriveReservoir

Thisdrivingform mayalsobereferredtobythefollowingvariousterms:Solution

gasdrive,Dissolvedgasdriveorinternalgasdrive.Asolutiongasdrivereservoirisone

inwhichtheprincipaldrivemechanism istheexpansionoftheoilanditsoriginally

dissolvedgas.Theincreaseinfluidvolumesduringtheprocessisequivalenttothe

production(Dake,1978).Asolution–gasdrivereservoirismostlyclosedfrom any

outsidesourceofenergy,suchaswaterencroachment.Itspressureisinitiallyabove

bubble-pointpressure,and,therefore,nofreegasexists.Theonlysourceofmaterialto

replacetheproducedfluidsistheexpansionofthefluidsremaininginthereservoir

(Beggs,2003).Somesmallbutusuallynegligibleexpansionoftheconnatewaterand

Gas–OilRatioTrends

0

Gas/Oilratio
(MSCF/STB)

Waterdrive

Solution–gasdrive

Gas-cap
Drive

Cumulativeoilproduce,%oforiginaloilinplace

0

5

80
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rockmayalsooccur.

Whenthereservoirfallsbelow thesaturationpressure,gasisliberatedfrom the

hydrocarbonliquidphase.Expansionofthegasphasecontributestothedisplacement

oftheresidualliquidphase.Initiallytheliberatedgaswillexpandbutnotflow,untilits

saturationreachesathresholdvalue,calledcriticalgassaturation(Cosentino,2001).

Typicalvaluesofthecriticalsaturationrangesbetween2and10%(Cosentino,2001).

Whenthisvalueisreached,gasstartstoflowwithavelocityproportionaltoits

saturation.Themorethepressuredrops,thefasterthegasisliberatedandproduced,

thusloweringfurtherthepressure,inasortofchainreactionthatquicklyleadstothe

depletionofthereservoir(Cosentino,2001).

Atthesurface,solutiongasdrivereservoirsarecharacterizedingeneralbyrapidly

increasinginGas–OilRatios(GORs)anddecreasingoilrates.Generallynoorlittlewater

isproduced.Theidealbehaviourofafieldundersolutiongasdriveisdepletionis

illustratedinfigure2.3.TheGORcurvehasapeculiarshape,inthatittendstoremain

constantandequaltotheinitialRsiwhilethereservoirpressureisbelowthebubblepoint,

thenittendstodeclineslightlyuntilthecriticalgassaturationisreached.Thisdecline

correspondstotheexistenceofsomegasinthereservoirthatcannotbemobilized

(Cosentino,2001).Afterthecriticalsaturationisreached,theGORincreasesrapidlyand

finallydeclinestowardstheendofthefieldlife,whenthereservoirapproachesthe

depletionpressure.

Themostimportantparameterinsolution–gasdrivereservoirsisgas–oil

relativepermeability(Cosentino,2001).Actually,theincreaseintheGORcurveisrelated

totheincreasedgaspermeabilitywithrespecttooil,asitssaturationincreases.The

lowerthecriticalgassaturation,themorerapidthegaswillbemobilizedandproduced,

thusacceleratingthedepletionandimpairingthefinalrecovery(Cosentino,2001).
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Figure3:Idealproductionbehaviorofasolutiongasdrivereservoir

2.3MaterialBalanceforsomeDriveMechanisms

Materialbalancehaslongbeenregardedasoneofthebasictoolsofreservoir

engineersforinterpretingandpredictingreservoirperformance(Dake,2001).Inthemost

elementaryform thematerialbalanceequationstatesthattheinitialvolumeinplace

equalsthesum ofthevolumeremainingandthevolumeproduced(Lyons,1996).The

zerodimensionalmaterialbalanceisderivedandsubsequentlyappliedinthisreport,

usingmainlytheinterpretativetechniqueofHavlenaandOdeh,togainanunderstanding

ofreservoirdrivemechanismsunderprimaryrecoveryconditions(Dake,2001).
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AccordingtoTarek,2001,thebasicassumptionsinthematerialbalanceequationareas

follows:

• Constanttemperature:Pressure-volumechangesinthereservoirareassumedto

occurwithoutanytemperaturechanges.

• Pressureequilibrium:Allpartsofthereservoirhavethesamepressure,andfluid

propertiesarethereforeconstantthroughout.

• Constantproductiondata:Allproductiondatashouldberecordedwithrespectto

thesametimeperiod.

• Constantreservoirvolume:Reservoirvolumeisassumedtobeconstantexcept

forthoseconditionsofrockandwaterexpansionofwaterinfluxthatare

specificallyconsideredintheequation.

2.3.1Solution–GasDrive

Aschematicrepresentationofmaterialbalanceequationsforsolutiongas

reservoirs,whenthechangeinporevolumeisnegligibleisshowninfigure2.4(Lyons,

1996).Abovethebubblepoint,thedriveenergyisduetotheexpansionoftheunder

saturated,singlephaseoil,theconnatewaterexpansionandtheporecompaction,while

below,thecomplexsolutiongasdriveprocessisactivatedoncegashasbeenliberated

from theoil(Dake,2001).

Oil Oil

ForP>Pb

Pi Pi>P>Pb

Oil Oil FreeGas

ForP< Pb

Pi
Pi<Pb

NBoi = (N– )Np B
o

NBoi = (N– )Np B
o

[N –(N- ) - ]R
si

Np R
s

Gp Bg
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Schematicofmaterialbalanceequationsforsolution–gasdrivereservoir

(Source:Lyon,1996)

Twomainphasesofasolutiongasdrivereservoirareidentified.Theseare

depletionabovethebubblepointanddepletionbelowthebubblepoint.

Depletionabovebubblepoint(Undersaturated)

Forasolutiongasdrivereservoiritisassumedthatthereisnoinitialgascap,thus

m =0,andthattheaquiferisrelativelysmallinvolumeandthewaterinfluxisnegligible.

Furthermore,abovethebubblepoint,Rs=Rsi=Rp,sinceallthegasproducedatthe

surfacemusthavebeendissolvedintheoilinthereservoir(Dake,2001).Underthese

assumptions,thematerialbalanceequation(2.1)becomes:
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P
B
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Thecomponentdescribingthereductioninthehydrocarbonporevolume,dueto

theexpansionoftheconnatewaterandreductioninporevolumecannotbeneglected

foranundersaturatedoilreservoirsincethecompressibilitycw andcfaregenerallyofthe

sameorderofmagnitudeasthecompressibilityoftheoil(Dake,2001)wheretheoil

compressibilityisgivenby:
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B
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Substitutingeqn.(2.3)intoeqn.(2.2)gives

= + Δp (2.4)N
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B

O
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S
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C
f

1-S
wc

)

Sincethereareonlytwofluidsinthereservoir,thatis,oilandwater,thenthesum ofthe

fluidsaturationsmustbe100%oftheporevolume,oristheeffective,saturation–

weightedcompressibilityofthereservoirsystem.
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2.3.2GasCapDrive

Forareservoirinwhichgascapdriveisthepredominantmechanism itisstillassumed

thatthenaturalwaterinfluxisnegligible(We=0)and,inthepresenceofsomuchhigh

compressibilitygas,thattheeffectofwaterandporecompressibilityisalsonegligible

(Dake,2001).Underthesecircumstances,thematerialbalanceeqn.(2.1),canbewritten

as
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UsingthetechniqueofHavlenaandOdehwithnegligiblewaterinflux,thematerial

balanceequationcanbereducedtotheform

F=N( +M ) (2.10)E
o

Eg

2.3.3WaterDrive

Adropinthereservoirpressure,duetotheproductionoffluids,causestheaquifer

watertoexpandandflowintothereservoir.Applyingcompressibilitydefinitiontothe

aquifer,then

WaterInflux=AquiferCompressibility×InitialVolumeofWater×PressureDropor

= + ) Δp (2.11)W
e

(C
w

C
f

W
i

UsingthetechniqueofHavlenaandOdeh(assumingthatBw =1),thefullmaterial

balancecanbeexpressedas

F=N + (2.12)( +M +E
o

Eg E
fw

) W
e

Ifthereservoirhasnoinitialgascapandcoupledwiththefactthatwaterandpore

compressibilityaresmallandalsothewaterinfluxhelpstomaintainthereservoir

pressure(makingΔpappearingintheEf,w term reduced),eqn.(2.12)reducesto

F=N + (2.13)E
o

W
e
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2.4PredictingPrimaryRecoveryinSolution–GasDriveReservoirs

Severalmethodsforpredictingperformanceofsolution-gasbehaviourrelating

pressuredeclinetogas-oilratioandoilrecoveryhaveappearedinliterature(Lyons,

1996).ThesemethodsincludeTracy'smethod,Tarner'smethodandMuskat'smethod.

Thefollowingassumptionsaregenerallymade:uniformityofthereservoiratalltimes

regardingporosity,fluidsaturations,andrelativepermeability;uniform pressure

throughoutthereservoirinboththegasandoilzones(whichmeansthegasandoil

volumefactors,thegasandoilviscosities,andthesolutiongaswillbethesame

throughoutthereservoir);negligiblegravitysegregationforces;equilibrium atalltimes

betweenthegasandtheoilphases;agasliberationmechanism whichisthesameas

thatusedtodeterminethefluidproperties,andnowaterencroachmentandnegligible

waterproduction(Lyons,1996).

2.4.1Tracy’sMethod

Neglectingtheformationandwatercompressibilityaswellasanyform of

injection,thegeneralmaterialbalanceequationasexpressedbyeqn.2.1canbe

reducedto(Tarek,2001)

N= (2.14)
+ -NpB

o ( -GpNpR
s)Bg( -W

e
WpB

w)

+ +( -B
o

B
oi)( -R

si
R

s)Bg mB
oi[ -1

Bg

B
gi

]

Where =Gp RpNp

Tracy(1955)suggestedthattheaboverelationshipcanberearrangedintoamoreusable
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form as:

N=NpΦz+ GpΦg+(W pBw−We)Φw (2.15)

Whereфo,фgandфwareconsideredPVTrelatedpropertiesthatarefunctionsofpressure

anddefinedby:

= (2.16)ф
o
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o

R
s
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= (2.17)фg
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1
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B
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s)Bg mB
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B
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]

Figure2.5givesagraphicalpresentationofthebehaviourofTracy’sPVTfunctionswith

changingpressure(Tarek,2001).
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Figure4Tracy’sPVTfunctions (Source:Tarek,2001)

Forasolutiongasdrivereservoir,equations(2.15)and(2.19)reducetothefollowing

equationsrespectively:

N= + (2.20)Npф
o

Gpфg

And

Den= + (2.21)( -B
o

B
oi) ( -R

si
R

s)Bg

Tracy’scalculationsareperformedinseriesofpressuredropsthatproceedfrom known

reservoirconditionatthepreviousreservoirpressurep*tothenewassumedlower

pressurep.Thecalculatedresultsatthenewreservoirpressurebecome“known”atthe

nextassumedlowerpressure(Tarek,2001).
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2.4.2Tarner’sMethod

Thisisatrialanderrorprocedurebasedonthesimultaneoussolutionofthematerial

balanceequationandtheinstantaneousgas-oilratioequation(Lyons,1996).Fora

pressuredropfrom p1top2,theprocedureinvolvesastepwisecalculationofcumulative

oilproduced(Np)2andofcumulativegasproduced(Gp)2.Thestepwiseprocedureas

enumeratedinLyons,1996isasfollows:

• Duringthepressuredropfrom p1top2,assumethatthecumulativeoilproduction

increasesfrom (Np)lto(Np)2.Atthebubblepointpressure,Npshouldbeset

equaltozero.

• Bymeansofthematerial-balanceequationforWp=0,computethecumulative

gasproduced(GP)2atpressurep2as:

= =N - (2.22)(Gp)
2

(Np)
2
(Rp)

2 ( -[ -R
si

R
s]

-B
oi

B
o

Bg
) (Np)

2( -
B

o

Bg

R
s)

 Computethefractionaltotalliquidsaturation(SL)2atpressure as:p
2

( = + [1- ] (2.23))S
L 2

S
w (1-S

w)
B

o

B
oi

(Np)
2

N

 Determinethe / ratiocorrespondingtothetotalliquidsaturation(SL)2andkrg k
ro
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Computetheinstantaneousgas–oilratioatp2as:

= + (2.34)R
2

R
s (krg

k
ro

)(μ
o
B

o

μ
g
Bg

)

• Computethecumulativegasproducedatpressurep2as:

= + (2.35)(Gp)
2

(Gp)
1

+R
1

R
2

2 [ -(Np)
2

(Np)
1]

• WhereR1istheinstantaneousgas–oilratiocomputedatpressurep1.

2.4.3Muskat’sMethod

Muskatexpressesthematerialbalanceintermsoffinitepressuredifferencesin

smallincrements.Thechangesinvariablesthataffectproductionareevaluatedatany

stageofdepletionorpressure(Lyons,1996).Assumptionismadethatvaluesofthe

variableswillholdforasmalldropinpressure,andtheincrementalrecoverycanbe

calculatedforthesmallpressuredrop(Lyons,1996).KnowingPVTdataandthegas-oil

relativepermeabilityatanyliquidsaturation,theunitrecoverybypressuredepletioncan

becomputedfrom adifferentialform ofthematerialbalanceequationas:
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= (2.36)
ds

o

dp
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Bg
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dR
S

dp
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S
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From thechangeinsaturationatanypressure,thereservoirsaturationatthattimecan

berelatedtothechangeinoilproductionandtheinstantaneousgas–oilratio(Lyons,

1996).

Using(ΔSo/Δp)whichismostlytheaverage,theoilsaturationSoiscomputedas:

= *- (2.37)S
o

S
o

(p*-p)(ΔS
o

Δp)
avg

Thecumulativeoilproductionisthencalculatedas:

=N (2.38)Np [1-(B
oi

B
o

)(S
o

1-S
wi

)]

Andthecumulativegasproductioniscomputedas:

= + (2.39)Gp Gp ΔGp

Where

= (2.40)ΔGp (GOR)avgΔNp
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2.5ArtificialLiftMethods

Mostoilreservoirsareofthevolumetrictypewherethedrivingmechanism isthe

expansionofsolutiongaswhenreservoirpressuredeclinesbecauseoffluidproduction.

Oilreservoirswilleventuallynotbeabletoproducefluidsateconomicalratesunless

naturaldrivingmechanisms(e.g.,aquiferand/orgascap)orpressuremaintenance

mechanisms(e.g.,waterfloodingorgasinjection)arepresenttomaintainreservoir

energy(Boyunetal.,2007).Whenreservoirpressureisinsufficienttosustaintheflowof

oiltothesurfaceatadequaterates,naturalflowmustbeaidedbyartificiallift.Thereare

twobasicformsofartificiallift:continuousgasliftandbottomholepumping(Golanand

Whitson,1995).Bothmethodssupplementthenaturaldriveenergyofthereservoirand

increasetheflowbyreducingbackpressureatthewellborecausedbyflowingfluidsin

thetubing(GolanandWhitson,1995).Approximately50%ofwellsworldwideneed

artificialliftsystems(Boyunetal.,2007).

Thecommonlyusedartificialliftmethodsincludethefollowing:

a.Suckerrodpumping

b.ContinuousGaslift

c.IntermittentGasLift

d.Electricalsubmersiblepumping

e.Hydraulicpistonpumping

f. Hydraulicjetpumping

g.Plungerlift

h.Progressingcavitypumping
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Innaturallyflowingwells,thewellflowratecapacityisusuallyhigherthanthe

recommendedordesiredflowrateandthewellproductioniscontrolledbytheuseofa

choke.Therearesomenaturallyflowingwellsthatalthoughabletoproducesteadilythe

desiredflowrate,cannotstartproductionwithoutsomehelp.Thosewellsneedakick-off

operationafterashutdowninordertoproduceasteadyflowrate.Inthiscasean

artificialliftmethodcanbeusedwhenevernecessarytokick-offthewell(Prado,2008).

Incertaincases,thebottom holeflowingpressuremaybesufficientonlyto

producethewellatflowratessmallerthantherecommendedordesiredflowrate.In

somecasesthebottom holeflowingpressuremaynotbecapabletoproduceanyflow

rateatallandthewelliscalledadeadwell.Inthosetwocasesartificialliftmethodscan

beusedtoachievetherecommendedflowrate(Prado,2008).

Finally,thereareconditionswhenthebottom holeflowingpressureisableto

producethefluidstothesurfacebuttheproductionisunsteady.Inthosecasesartificial

liftmethodscanbeusedtostabilizethewell(Prado,2008).

Artificialliftistheareaofpetroleum engineeringrelatedtotheuseof

technologiestopromoteanincreaseintheproductionrateofflowingoilorgaswells,to

putwellsbackintoproductionortostabilizeproductionbyusinganexternalhorsepower

source.Theexternalsourcehelpsthebottom holeflowingpressuretoovercomethe

pressuredropsinthesystem downstream oftheperforationsortousemethodsthat

reducethepressuredropintheproductionsystem byimprovingthemultiphaseflow

conditionsinthewell.Inanycaseeitherenergyorproductswillbeconsumedatthe

surface(costs)toobtainhigherflowratesfrom thewell(income).Themainpurposeof

artificialliftistoincreasetheprofitoftheoperation(Prado,2008).
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2.5.1GasLift

Gaslifttechnologyincreasesoilproductionratebyinjectionofcompressedgas

intothelowersectionoftubingthroughthecasing–tubingannulusandanorifice

installedinthetubingstring(Boyunetal.,2007).Uponenteringthetubing,the

compressedgasaffectsliquidflowintwoways:(a)theenergyofexpansionpropels

(pushes)theoiltothesurfaceand(b)thegasaeratestheoilsothattheeffectivedensity

ofthefluidislessand,thus,easiertogettothesurface(Boyunetal.,2007).Gaslift

technologyisasimpleandflexiblemethodseenasanextensionofnaturalflow.It

mostlyrequiresasourceofhighpressuregasandcasingandlinesmustwithstand

injectionpressure(Prado,2008).

Acontinuousgasliftoperationisasteady-stateflowoftheaeratedfluidfrom the

bottom (ornearbottom)ofthewelltothesurface.Incontinuousgaslift,asmallvolume

ofhigh-pressuregasisintroducedintothetubingtoaerateorlightenthefluidcolumn.

Thisallowstheflowingbottom-holepressurewiththeaidoftheexpandinginjectiongas

todeliverliquidtothesurface.Toaccomplishthisefficiently,itisdesirabletodesigna

system thatwillpermitinjectionthroughasinglevalveatthegreatestdepthpossible

withtheavailableinjectionpressure(Boyunetal.,2007).Intermittentgasliftoperationis

characterizedbyastart-and-stopflowfrom thebottom (ornearbottom)ofthewellto

thesurface.Thisisunsteadystateflow(Boyunetal.,2007).Thetypeofgaslift

operationused,continuousorintermittent,isalsogovernedbythevolumeoffluidstobe

produced,theavailableliftgasastobothvolumeandpressure,andthewellreservoir’s

conditionssuchasthecasewhenthehighinstantaneousBHPdrawdownencountered

withintermittentflowwouldcauseexcessivesandproduction,orconing,and/orgasinto

thewellbore(Boyunetal.,2007).Acompletegasliftsystem consistsofagas
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compressionstation,agasinjectionmanifoldwithinjectionchokesandtimecycle

surfacecontrollers,tubingstringwithinstallationsofunloadingvalvesandoperating

valve,andadown-holechamber(Boyunetal.,2007).Figure2.5showstheconfiguration

ofatypicalgasliftwell.

GasLiftwithVelocityStrings

Velocitystringsareacommonlyappliedremedytoliquidloadingingaswells(Oudeman,

2007).Byinstallingasmalldiameterstringinsidethetubing,theflowareaisreduced

whichincreasesthevelocityandrestoresliquidtransporttosurface.Thedisadvantage

ofthevelocitystringistheincreaseinfrictionalpressuredrop,constrainingproduction.

Henceanoptimalvelocitystringhastobeselectedsuchthatliquidloadingisdelayed

overalongperiodwithaminimalimpactonproduction(Oudeman,2007).Thisrequires

accuratemethodstopredictpressuredropinthevelocitystringaswellastubing-

velocitystringannulus(Oudeman,2007).

Figure5Configurationofatypicalgasliftwell(Source:Boyunetal.,2007)
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2.5.2BottomholePumping

Bottomholepumpingprovidesmechanicalenergytoliftoilfrom bottom holeto

surface.Itraisesthepressureinaliquidbytransformingmechanicalworkintopotential

energy,thatis,pressure.Liquidentersthepumpatagivenpressure,calleddischarge

pressure.Pumppressureusuallyreferstothedifferencebetweenthedischargeandthe

suctionpressures(GolanandWhitson,1995).Pumppressurecorrespondstothegainin

potentialenergyoftheliquid.Thisgainrepresentsonlyafractionofthetotalworkused

todriveapump.Itisefficient,simple,andeasyforfieldpeopletooperate.Itcanpumpa

welldowntoverylowpressuretomaximizeoilproductionrate(Boyunetal.,2007).The

efficiencyofapumpdependsonhowefficientlyitcantransform thedrivingforcesinto

fluidpotentialenergy(GolanandWhitson,1995).

Pumpsaregenerallyclassifiedaccordingtothephysicalprincipleusedto

transform drivingforcesintopressure(GolanandWhitson,1995).Themainclassesof

conventionalpumpsare:positive–displacementanddynamic–displacementpumps.

Positive–displacementpumpsdeveloppressurebymovingapistonorcam toreduce

thevolumeofacompressionchamber.Thiscompressionraisesthepressureofliquidin

thechamber(GolanandWhitson,1995).Dynamic–displacementpumpsdevelop

pressurebyasequenceofaccelerationsanddecelerationsofthepumpedliquid(Golan

andWhitson,1995).

Positive–DisplacementPumps

1.SuckerRodPump:apositive–displacementpumpthatcompressesliquidbythe

reciprocatingmotionofapiston.Thepistonisactuatedbyastringofsuckerrods

thatextendfrom thebottom holepumptothepumpingunitatthesurface(Golan

andWhitson,1995).
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2.ReciprocatingHydraulicPump:apositive–displacementpumpwitha

reciprocatingpiston.Thepistonisactuatedbyareciprocatinghydraulicmotor

coupledandassembledwiththepump.Thedownholemotorisdrivenbyapower

fluidinjectedathighpressurefrom thesurface(GolanandWhitson,1995).

Centrifugalsubmersiblepumpandjetpumpareexamplesofdynamic–displacement

pumps.
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ChapterTHREE

ResearchDesignandMethodology

3.1 InflowPerformanceRelationship(IPR)

Sincethereservoiroriginallyexistsatitsbubblepointpressure,fluidflowinginthe

reservoirgoestomultiphaseconditionsimmediatelyatthestartofproductionwhenthe

pressureislowerthanthebubblepoint.ThismeansthelinearIPRwillnotbevalid.As

thepressureinsidethereservoirgoesbelowthebubblepointvalue,gascomesoutof

solutionreducingtheoilsaturationandrelativepermeability,andincreasingoilviscosity.

Alsotheformationvolumefactorisalwaysgreaterthanoneduetothegasinsolution

(Prado,2008).Theoilproductivityisreducedsincenowthedrivingforceforfluid

movementisspentmovingtheliquidandthegasphases(Prado,2008).Theconstant

productivityindex(PI)conceptisnolongervalid.SinceIPRundermultiphaseflow

conditionscannotbeeasilycalculated,Fetkovich’sempiricalcorrelationisemployedto

estimatetheIPR.

TheInflowPerformanceRelationship(IPR)describesthebehaviorofthewell’sflowing

pressureandproductionrate,whichisanimportanttoolinunderstandingthe

reservoir/wellbehaviorandquantifyingtheproductionrate.TheIPRisoftenrequiredfor

designingwellcompletion,optimizingwellproduction,nodalanalysiscalculations,and

designingartificiallift.DifferentIPRcorrelationsexisttodayinthepetroleum industry

withthemostcommonlyusedmodelsarethatofVogel’sandFetkovich’s.Inadditionto

fewanalyticalcorrelations,thatusuallysuffersfrom limitedapplicability.

Inthiswork,anewmodeltopredicttheIPRcurvewasdeveloped,usinganew
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correlationthataccuratelydescribesthebehaviortheoilmobilityasafunctionofthe

averagereservoirpressure.Thisnewcorrelationwasobtainedusingactualfieldcasesin

additiontoseveralsimulatedtests.

Afterthedevelopmentofthenewmodel,itsvaliditywastestedbycomparingits

accuracywiththatofthemostcommonIPRmodelssuchasVogel,Fetkovich,Wiggins,

andSukarnomodels.Twelvefieldcaseswereusedforthiscomparison.Theresultsof

thiscomparisonshowedthat:thenewdevelopedmodelgavethebestaccuracywithan

averageabsoluteerrorof5.54%,whiletheothercommonmodelsareranked,according

totheiraccuracyinthefollowingordertobeFetkovich,Vogel,andWiggins,withaverage

absoluteerrorsof6.73%,23.1%,13.7%,and32.3respectively.

ThenewdevelopedIPRmodelissimpleinapplication,coverswiderangeofreservoir

parameters,andrequiresonlyonetestpoint.Therefore,itprovidesaconsiderable

advantagecomparedtothemultipointtestmethodofFetkovich.Moreover,duetoits

accuracyandsimplicity,thenewIPRprovidesaconsiderableadvantagecomparedto

thewidelyusedmethodofVogel.
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Figure6PotPressure(psi)againstFlowRate(STB/Day)

Figure7Plotofdependentparameters( , , )againstPressure(psi)μ
o

B
o

k
ro

Therelationshipbetweenvariablesaffectingtheproductivityindexandinturntheinflow

performanceareessentiallythosethatarepressuredependentparameters( , , ).μ
o

B
o

k
ro



28

3.2CommonlyknownIPRModels

3.2.1Vogel’sEquation.

In1968,Vogelusedacomputerprogram basedonWeller’sassumptionsin1966for

solutiongasdrivereservoirstopredictinflowperformancecurves.Vogelusedtwenty-

onereservoirdatasetstodevelopthefollowingIPR:

= (2.41)
q

O

q
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[1-0.2 -0.8(p
wf

p
r

) (p
wf

p
r
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2
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Standing(1971)improveduponVogel’sequationanddevelopedanequationthatcanbe

usedtopredictthefutureIPRofthewellgiventheproductivityindexmeasuredata

givenaveragepressureasgivenby
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J
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J
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p
f

1.8

Vogel’scorrelationgaveagoodmatchwiththeactualwellinflowperformanceatearly

stagesofproductionbutdeviatesatlaterstagesofthereservoirlife.Therefore,thiswill

affectthepredictionofinflowperformancecurvesincaseofsolutiongasdrive
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reservoirs,becauseatlaterstagesofproductiontheamountofthefreegasthatcomes

outoftheoilwillbegreaterthantheamountattheearlystagesofproduction.

3.2.2Fetkovich’sCorrelation

Fetkovich’scorrelationisusuallytheonethatismoreconservativealwaysunder

predictingflowcapacityincomparisontotheotherIPRequations(Prado,2008).In1973,

Fetkovich4developedanIPRbasedonthedatafrom multi-ratetests“fortydifferentoil

wellsfrom sixfields.”Inaddition,thegeneraltreatmentoftheinflowperformancefor

thesolutiongasdriveunderpseudo-steadystateconditionswasused.Fetkovichisalso

asimplerequationwhichinsomecasescansimplifysomeofthecalculations.Even

beingthemostconservativeoftheIPRs,becauseitisnotamodelandjustacorrelation,

itcanoverpredictflowcapacitiesforsomereservoirsthatareseverelyaffectedbythe

presenceoffreegasintheporousmedia.Fetkovich’scorrelationisgivenbyequation.

AseriesofbackpressuretestwereperformedbyFetkovich(1973)forreservoirsabove

thecriticalgassaturationandfoundoutthattheoilwellbackpressurecurvesfollowthe

samegeneralform asthatusedforexpressingtherate–pressurerelationshipforgas

wellsasgivenby

=c( (2.45)q
o

- )p
r

2
p

wf

2 n

Thebackpressureequationparameter(n)ofFetkovichIPRequationdoesnottakeinto

considerationthechangeintheaveragereservoirpressure.

3.2.3Wiggins'sMethod

In1993,Wiggins6developedageneralizedempiricalthreephaseIPRsimilartoVogel3
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correlationtoovercometheproblem ofapplyinghisdevelopedanalyticalmodelin1991.

Thiscorrelationis:
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3.2.4SukarnoandWisnogroho'sMethod

In1995,SukarnoandWisnogroho7developedthefollowingIPRequationbasedon

simulationresultsthatattemptstoaccountfortheflow-efficiencyvariationcausedby

rate-dependentskin:
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3.2.5KlinsandMajcher'sMethod

In1992basedonVogel’swork,KlinsandMajcher5developedthefollowingIPR

correlationthattakesintoaccountthechangeinbubble-pointpressureandreservoir

pressureduetothedepletioninsolutiongasdrivereservoirs.
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3.2.6BeggsandBrillCorrelation

TheBeggsandBrillprogram (Prado,2008)isaspreadsheetprogram developedto

obtaintheIPRandOPRcurves.TheBeggsandBrillcorrelationenablesthecalculationof

thepressuregradientasafunctionofotherproductionvariableslikepipediameter,GLR

andgasandoilflowrates.ThiscorrelationconsidersSlipandflowregime.Itis

applicabletoinclinedwellswithorwithoutwatercut.Italsopredictspressuredropfor

upwardanddownwardfluidflowwithaccuracy.

3.3MethodologytousetheNewIPRModel

Step1:From thetestdataplotgraphofsquareofchangeinpressuredifferentialagainst

flowrateonasemiloggraph.

Step2:From thegraphobtaintheflowexponential(n),whichistheinverseoftheslope;

n=  (2.53)
1

slope
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n=  (2.54)
-logx

2
logx

1

-logy
2

logy
1

n=  (2.55)

log ( )
x

2

x
1

log ( )
y

2

y
1

Step3:Inputtingthevaluesofflowexponentintoadataseti.e.atboundarycondition

( =0pisgor14.73psia).p
wf

Step4:Repeatstep3onanotherdatasetfrom theavailabledata

Step5:Simultaneouslysolvefortheflowcoefficienti.e.twoequationstwounknown

(flow-rateandflowcoefficient).

Step6:OnanExcelVBAspreadsheetiteratethevaluesonflowcoefficientandflow

exponentialtoobtainamoreaccuratevalueofalesserErrorpercentage.

NB:considertheliteraturerangeofvaluesoftheflowcoefficientandflowexponentialof

asolutiongasdrivereservoir.

3.4ListofpropertiesthatfounddidnotaffecttheIPRbehavior:

a.WaterGravity,γ
w

b.WaterViscosity,µ
w

c.Criticalwatersaturation,S
wcr

d.ResidualoilsaturationinWater,S
orw

e.Relativepermeabilitytowaterat , at( )S
orw

k
r

S
orw

f. Oil-Waterrelativepermeabilityexponent,OWEXP

g.Waterrelativepermeabilityexponent,WEXP

h.Porosity

3.5PropertiesthatdidnotaffectthedimensionlessIPRbehavior:
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a.Temperature

b.Oilgravity

c.Gasgravity

d.Verticalpermeability

e.Horizontalpermeability

f. Drainageradius

g.Formationthickness

3.6Mobility-ReservoirPressureRelationship

Productionrateandpressureresultsfrom foursimulationcaseswereusedtodevelop

theinflowperformancecurves.Table2presentstherangesofreservoir,rock,andfluid

parametersusedinthefoursimulationcases.Thesaturationandpressureinformation

wasalsousedtodevelopthemobilityfunctionprofiles.Thegeneralsimulation

assumptionsthatwereusedinbuildingthereservoirmodelcanbesummarizedas

follows:

a.3Dradialflowintothewellbore

b.Thereservoirinitiallyatthebubblepointpressure

c.Verticalwellatthecenteroftheformation

d.Thewelliscompletedthroughthewholeformationthickness.

e.Homogeneous,boundedreservoir

f. Isothermalconditionsexist

g.NoinitialO.W.C.exist

h.Capillarypressureisneglected

i. Interfacialtensioneffectsandnon-Darcyfloweffectsarenotconsidered
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3.7ApplicationandImportanceofstudy

Accordinglybasedontheliteraturesurveyinthiswork,itisnecessaryto:

a.Developanew,moregeneral,simple,andconsistentmethodtocorrelateinflow

performancetrendsforsolutiongasdriveoilreservoirs.Thisnewmethodtakes

intoconsiderationthebehaviorofthewellflowingpressureasfunctionwiththe

averagereservoirpressurewithoutthedirectknowledgeofthisbehavior.

b.Determinetheapplicabilityandaccuracyoftheproposednewmodelbyapplying

itondifferentfieldcaseswithacomparisonwithsomeofthemostknownand

usedIPRequations,consideringawiderangeoffluid,rock,andreservoir

characteristics.

c.TestsomeoftheavailableIPRmethodsonfielddata.
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CHAPTERFOUR

ResultandDiscussion

4.1TheNewDevelopedIPRModel

Inthiswork,severalinflowperformancereservoirmodelswereusedtoanalysisa

particularreservoirmodelonExcelVBA.Thereafter,variousoilflow-rateproductiondata

wasobtainedforeachIPRmodels.Asensitivitytestwasdoneviaerrorcalculationalso

withtheaidofExcelVBAtoselectthemostaccurateIPRmodelforthereservoirmodelin

consideration.ThenanewIPRequationwasderivedfrom thepreferredequationto

describeaccuratelythebehaviorofthewell’sflowingpressureandproductionrate,which

assistedinperfectlyunderstandingthereservoir/wellbehaviorandquantifyingthe

productionrate.
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Figure8PresentSampleIPRofreservoiratinitialconditions
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Figure9Rangesofdatausedinthedevelopmentrelationship

FieldCaseStudy:CarryCityWell

FredericGalliceandMichaelL.Wigginspresentedmulti-rate-testdataforawell

producingfrom theHuntonLimeintheCarryCityField,Oklahoma.Thetestshowed

thatthewellwasproducingatrandom rates,ratherthaninanincreasingor

decreasingratesequence.Theaveragereservoirpressurewas1600psia,withan

estimatedbubble-pointpressureof2530psiaandanassumedskinvalueofzero.

Themulti-ratetestofthiswellissummarizedinTable7.

Table3presentsthepredictionsofthewell’sperformanceforthetestinformation

ataflowingbottom holepressureof1194psia,whichrepresentinga25%ofthe

pressuredrawdown.Ascanbeobserved,themaximum welldeliverabilityvaries

from 2550to4265STB/D.ThelargestflowratewascalculatedwithWiggins’sIPR,

whilethesmallestratewasobtainedusingFetkovichmodel.Fig.14showsthe

resultantIPRcurvesforthedifferentmethodsofcalculationssuchasVogel,

Fetkovich,Wiggins,andSukarnoincomparisonwiththeactualfielddataandthe

newdevelopedIPRmodel.Itisclearfrom thisfigurethatthemethodofthenew

developedIPRmodelissucceedtoestimatetheactualwellperformance.In

addition,itcanbeclearlyconcludedfrom thisfigurethatthemethodsofthenew
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developedIPRmodelandFetkovich’smodelarenearlyestimatethemaximum oil

flowrateforthiswellmoreaccuratelythantheothermodels,andasindicated,the

othermethodsoverestimatetheactualperformance.

Table1AverageReservoirpressureoftheactualwell

Testdata-fieldwell

Table2TestDataoftheReservoirmodel

4.3ApplicationofMethodologytousetheNewIPRModel

Step1:From thegraphofsquareofchangeinpressuredifferentialagainstflowrateon

asemiloggraph,thevalueofslopeobtainedwas1.1962.
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Step2:From thegraphobtaintheflowexponential(n),whichistheinverseoftheslope;

n=  (2.56)
1

slope

n=  (2.57)
1

1.1962

n=0.836 (2.58)

Step3:Inputtingthevaluesofflowexponentintoadatasettoobtainitsflowcoefficient

i.e.atboundarycondition( =0pisgor14.73psia)p
wf

=C (2.59)q
o

( - 
̅
p

r

2

p
wf

2)
n

=C (2.60)q
o

( -  )
̅
p

r

2

p
wf

2

0.836

=C (2.61)q
o

( -  )1600
2

14.73
2 0.836

Step4:Repeatstep3onanotherdatasetfrom theavailabledata.

=C (2.62)q
o

( - 
̅
p

r

2

p
wf

2)
n

=C (2.63)q
o

( -  )
̅
p

r

2

p
wf

2

0.836

=C (2.64)q
o

( -  )1600
2

1558
2 0.836

Step5:Simultaneouslysolvefortheflowcoefficienti.e.twoequationstwounknown

(flow-rateandflowcoefficient).

C=0.0111 (2.65)

Step6:OnanExcelVBAspreadsheetiteratethevaluesonflowcoefficientandflow

exponentialtoobtainamoreaccuratevalueofalesserErrorpercentage.

C=0.0103andn=0.8502 (2.66)

NB:Theliteraturerangeofvaluesoftheflowcoefficientandflowexponentialofa

solutiongasdrivereservoirwereconsidered.
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Figure10PlotComparingFieldDataagainstNewIPRmodel

Figure11PlotComparingVogel’smodelagainstNewIPRmodel
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Figure12PlotComparingFetkovichagainstNewIPRmodel

Figure13PlotComparingwigginsmodelagainstNewIPRmodel
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Table3Predictionoftheperformanceofcase

Figure14thepredictedinflowcurvesbythedifferentusedmethodsincomparisonto
theactualfielddata.



43

Table4ExcelspreadsheetofValuesusedtocalculateProductiveindex

4.4ValidationoftheNewIPRmodel

ToverifyandvalidatethenewdevelopedIPRmodel,thenewmodelwasappliedon

thetestdatasetcollectedandanalyzedfrom thewellfieldcaseinconsideration.

Thefieldcaseusesactualfielddatawhichrepresentingdifferentproducing

conditions.InordertotesttheaccuracyandreliabilityofthenewdevelopedIPR

model,whichisalsoamulti-pointmethod,itwillbecomparedtothestandard

inflowperformancerelationshipmodelcurrentlyavailableintheindustry.These

methodsarethoseofVogel(singlepointmethod),Fetkovich(multi-pointmethod),

Wiggins(singlepointmethod),andSukarno(singlepointmethod)forthepresent

inflowperformance.

TheAnalysisshowedthatFetkovichcorrelationwasthemostaccuratefrom the

standardmodels,withthenewlydevelopprovingmoreaccuratethanthestandard

fetkovichIPRmodel.
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Figure14PlotofErrorpercentageagainstcommonlyknownIPRmethod

Theresultsofthiscomparisonshowedthat:thenewdevelopedmodelgavethe

bestaccuracywithanabsoluteerrorof5.54%,whiletheothercommonmodelsare

ranked,accordingtotheiraccuracyinthefollowingordertobeFetkovich,Vogel,

andWiggins,withabsoluteerrorsof6.73%,23.18%,and32.3%respectively.

Table5 GENERALEXCELSPREADSHEET
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4.5FieldCaseSummaryfortheInflowPerformance

ThemethodofthenewdevelopedIPRmodelprovidedthemostreliableestimatesof

theactualwelldataanalyzed.Ithasthelowestvalueoftheabsoluteerrorpercent,which

is5.54%incomparisonwiththatofFetkovich'smethod,whichhasareasonable

absoluteerrorpercentof6.73%butisstillhigherthanthemethodofthenewdeveloped

IPRmodel.Theothermethods(VogelandWiggins)providedlessaccuratevaluesforthe

pressure-rateestimatesoftheactualwelldatathatusedinthisanalysis.

ThemethodofthenewdevelopedIPRmodeltendstodoabetterjobofpredictingwell

performancethantheothermethods,andthisitmaybeduetoassumeanaccurate

relationshipbetweentheoilmobilityfunctionandtheaveragereservoirpressure(i.e.,the

ReciprocalRelationship).Overall,thesingle-pointmethodsofVogel,Wiggins,provided

greatabsoluteerrorspercentinthewellcase1as23.18%and32.30%respectively.
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CHAPTERFIVE

SUMMARY

Asindicated,theempiricalcorrelationssufferfrom thelimitationoftheirapplication

rangeastheydependlargelyonthedatausedintheirgeneration,anditslackof

accuracy.Inaddition,theyarenotexplicitlyfunctionofreservoirrockandfluiddata,

whicharedifferentfrom onereservoirtoanother.Ontheotherhand,theanalytical

correlationssufferfrom theirdifficultytobeappliedduetoitsrequirementtotheoil

mobilityprofilesanditsderivativesinadditiontotheassumptionsusedintheir

development.Asdiscussed,themainparameterthataffectstheproductivityindexand

inturntheinflowperformancecurvesistheoilmobilityfunction( /μ )anditsrelationK
ro

B
o

totheaveragereservoirpressure.Therefore,theaspectofconductingtheflowtests

shouldbeconsideredinselectingtheIPRmethod.Itisevidentthattestcostshavetobe

takenintoconsideration.

Therelationshipbetweentheoilmobilityfunctionandtheaveragereservoirpressure

shouldbeaccuratelydetermined.Inaddition,themostcommonequationthat

representsabasicstartpointforthedevelopmentofanyIPRequation.

MostofthepreviouslyempiricalderivedIPRequationsdidnottakeintotheir

considerationthewholeeffectoftheoilmobilityfunction,thisinturnlargelyreducethe

accuracy,power,andutilityoftheseequations.Eventhoughthemodelsthattookinto

theirconsiderationtheeffectofthisfunction,suchasthemodelsofFetkovichand

Wiggins,assumedtherelationshipsbetweenthisfunctionand ,asthelinearform andp
r

thethirdpolynomialform forFetkovichandWiggins,respectively.Infact,theselinear

andpolynomialformedonotaccuratelydescribethegeneralbehavioroftheoilmobility
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functionwiththeaveragereservoirpressurewithanaccuratemanner.Ontheotherhand,

someofanalyticalderivedIPRequationsdidnotconsideredtheeffectofthisfunction,

exceptthemodelsofWiggins.Wiggins’smodelissocomplicatedbecauseitrequires

theoilmobilityrepresentedinitsderivateasafunctionoftheaveragereservoirpressure,

thisisgreatlydifficultinapplication.

Finally,therangeofapplicabilitywillalsoinfluencetheselectingoftheIPRmethodsto

predictthewellperformance.
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CONCLUSION

Inthiswork,wereviewedthemostcommonlyusedIPRmodels,also,wedeveloped

newIPRmodel.ThenewIPRwascomparedtothemostcommonlyusedmodels

usingfielddata(Anactualfield).Basedonthiswork,wecanconcludethefollowing:

a.ThevalidityofthenewIPRmodelwastestedthroughitsapplicationonan

actualcaseincomparisonwiththebehaviorofthemostcommonmethods

thatareusedintheindustry.Theresultsofthisvalidationshowedthatthe

newIPRmodelrankedthefirstmodelthatsucceededtopredictthebehavior

oftheIPRcurvefortheexaminedfieldcases,whiletheothermodelsof

Fetkovich,Sukarno,Vogel,andWigginsrankedthesecond,thethird,theforth,

andthefifth,respectively

b.ThenewIPRmodelalsorequiresthreetestpointandisasaccurateormore

thanFetkovich’smodelwhichrequiresthreetestpoints

c.ThenewdevelopedIPRoutperformedallavailableIPRmodelsexceptatlow

pressures(Lessthan1000psia).
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RECOMMENDATION

Thefollowingrecommendationsaresuggested:

Determinetheapplicabilityandaccuracyoftheproposednewmodelbyapplyingit

ondifferentfieldcaseswithacomparisontosomeofthecommonlyknownIPR

equations,consideringawiderangeofaveragereservoirpressurefrom the

respectivewellsinconsideration.

Economicevaluationshouldbeincludedtosolveareallifeproblem.Thecostsof

carryingoutthecommonlyknownIPRmodelsandthenewlydevelopedIPRmodel

forthepurposeofgenerateanoptimalproductionpatternofthereservoir.

Morewellscanbeincludedtosimulateamorepracticalsituationandthe

performancewithtimeanalyzed.
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