
Petroleum System
A petroleum system is defined as a naturalsystem that
encompassesofactivesourcerockandallrelatedoilandgasand
whichincludesallthegeologicelementsandprocessesthatare
essentialifahydrocarbonaccumulationistoexist.

DefinitionofPetroleum
Petroleum is a complex mixture ofhydrocarbons and other
constituentsthatcanbeintheform ofeithernaturalgasorliquid
dependingoncomposition,conditionofpressureandtemperature,
reservoirrockdepth,andtype.Themixtureofhydrocarbonsis
comprisedof:
a.Naturalgas
b.Crudeoil
c.Condensate
d.Otherconstituantsincluding:
lNitrogen(N2)
lCarbondioxide(CO2)
lHydrogen-sulphideH2Sorsulphur

1.1ReservoirFluidProperties
1.1.1Naturalgasproperties

Tounderstandandpredictthevolumetricbehaviorofoilandgas
reservoirsasafunctionofpressure,knowledgeofthephysical
properties of reservoir fluids must be gained.These fluid
properties are usually determined by laboratory experiments
performedonsamplesofactualreservoirfluids.Intheabsenceof
experimentally measured properties,it is necessary for the
petroleum engineertodeterminethepropertiesfrom empirically
derivedcorrelations.Theobjectiveofthischapteristopresent
severalofthewell-establishedphysicalpropertycorrelationsfor
thefollowingreservoirfluids:
•Naturalgases
•Crudeoilsystems
•Reservoirwatersystems
Gas is defined as a homogeneous fluid oflow viscosityand
density,whichhasnodefinitevolumebutexpandstocompletely
fillthevesselinwhichitisplaced.Generally,thenaturalgasisa
mixture of hydrocarbon and non-hydrocarbon gases. The
hydrocarbongasesnormallyfoundinanaturalgasaremethane,
ethane(lightcomponentsasgases),propane,butanes,pentanes,
and smallamounts ofhexanes (medium components)and



heaviercomponents (heptane,octane,...etc).The medium and
heavy components are normally liquids.The non-hydrocarbon
gases,thatis,impurities,includecarbondioxideCO2,hydrogen
sulfideH₂S,andnitrogenN.
Knowledgeofpressure-volume-temperature(PVT)relationships
andotherphysicalandchemicalpropertiesofgasesareessential
forsolvingproblemsinnaturalgasreservoirengineering.The
propertiesofinterestinclude:
• •Isothermalgascompressibilitycoefficient,cg.

• •Gasformationvolumefactor,Bg.

• •Gasexpansionfactor,Eg.

• •Gasviscosity,μg

• •Apparentmolecularweight,Ma.

• •Gasdensity,ρg.

• •Specificgravity,ɣg.

• •Specificvolume,ν.

• •Compressibilityfactor,Z.

Themathematicalexpressionsdefinethesepropertiesare:

1ApparentMolecularWeight(Ma)andMoleFraction(yi)

where:
Ma=apparentmolecularweightofagasmixture.

Mi=molecularweightoftheithcomponentinthemixture.

yi=molefractionofcomponentiinthemixture.

n=
wi.

µi

wi=weightfraction



where:
n=numberofmolesofgas,lb-mole.
ni=numberofmolesofcomponenti.

=molefraction.

where:
=weightfraction.
=weightofcomponentiinthemixture,lb/lb-mol.

=totalweight.

where:
=thevolumefractionofaparticularcomponent.
=volumeofcomponentiin1lb-molofthemixture.

=totalvolume.



Thekinetictheoryofgasespostulatesthatgasesarecomposedof

averylargenumberofparticlescalledmolecules.



2GasDensity(ρg)

The density is defined as the mass perunitvolume ofthe
substance.

=ρg

m

v

3SpecificGravity,γg

Thespecificgravityisdefinedastheratioofthegasdensityto



thatoftheair.Bothdensitiesaremeasuredorexpressedatthe
samepressureandtemperature.
Ifɤg<1.0(lighterthanair)

Ifɤg>1.0(higherthanair)

where:

γg=gasspecificgravity,60°/60°

ρair=densityoftheair.

28.96=M air= apparentmolecularweightoftheair.

Ma=apparentmolecularweightofthegas.

psc=standardpressure,psia.

Tsc=standardtemperature,°R.

4SpecificVolume,
Thespecificvolumeisdefinedasthevolumeoccupiedbyaunit
massofthegas.Foranidealgas,thispropertycanbecalculated.

Where:
ρg=densityofthegasmixture,lb/ft3



Ma=apparentmolecularweight.

DeterminationofZ-factorValue

Zfactor(compressibilityfactor=deviationfactor)

Theratiooftheactualvolumeofn-molesofgasatTandptothe
idealvolumeofthesamenumberofmolesatthesameTandp,
dimensionlessquantity.
Numerousequations-of-statehavebeendevelopedintheattempt
to correlatethepressure-volume-temperaturevariablesforreal
gaseswithexperimentaldata.Inordertoexpressamoreexact
relationshipbetweenthevariablesp,V,andT,acorrectionfactor
calledthegascompressibilityfactor,gasdeviationfactor.

supercompressibility
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5IsothermalGasCompressibility,cg
Typeofsystems
1.Adiabatic
2.Isothermal(underconstanttemp.)
3.Isobaric(constantpressure)



4.Isochoric(constantvolume)

CompressibilityofNaturalGases,knowledgeofthevariabilityof
fluidcompressibilitywithpressureandtemperatureisessentialin
performingmanyreservoirengineeringcalculations.Foraliquid
phase,thecompressibilityissmallandusuallyassumedtobe
constant.Foragasphase,thecompressibilityisneithersmallnor
constant.Bydefinition,theisothermalgascompressibilityisthe
changeinvolumeperunitvolumeforaunitchangeinpressureor,
inequationform:

Where
Cg=isothermalgascompressibility,1/psi.

1-Isothermalcompressibilityfactorforidealgasgivenbyderiving
theidealgaslawatconstanttemperature:

bysubstitutingintoEq.(1.11):

Youcouldfindmoreexplanations

2-Isothermalcompressibilityfactorforrealgasgivenbyderiving
therealgaslawatconstanttemperature:



bydividingtheequationaboveby( ):

bysubstituting(V=ZnRT/p)from realgaslawandEq.(1.14)into
Eq.(1.11):

Ifthegascompositiondataarenotavailable,wecancalculatean
approximatevalueofthepseudocriticaltemperatureandpseudo
critical
pressureofthegas.

Equation(1.15)istheisothermalcompressibilityfactorforrealgas.
From thelawofcorrespondingstate,weknowthat:

فئازلا لزتخملا طغضلا



Bysubstituting = from thelawofcorrespondingstate
intoEq.(1.15):

Multiplyingthisequationbyppcyields:

The term cpr is called the isothermal pseudoreduced
compressibility,de-finedbytherelationship:

where:
cpr=isothermalpseudoreducedcompressibility.
cg=isothermalgascompressibility,psi-1.

ppc=pseudoreducedpressure,psi.

6GasFormationVolumeFactor,Bg

Thegasformationvolumefactorisusedtorelatethevolumeof
gas,asmeasuredatreservoirconditions,tothevolumeofthegas
asmeasuredatstandardconditions,i.e.,60°Fand14.7psia.
ThevalueofBgisalwayslessthanone

فورظلا دنع بوسحملا زاغلا مجح وه زاغلل يمجحلا نيوكتلا لماعمل فيرعت طسبا
. حطسلا دنع دحاو يسايق بعكم مدق جاتن لإ بولطملا و ةينمكملا

Where:
Bg=gasformationvolumefactor,ft3/scf



Vp,T=volumeofgasatpressurepandtemperature,T,ft3
Vsc=volumeofgasatstandardconditions,scf

Applying the real gas equation of state, (pV=ZnRT) and
substitutingforthevolumeV,gives:

Where:
Zsc=z-factoratstandardconditions=1.0
psc,Tsc=standardpressureandtemperature.
Assumingthatthestandardconditionsarerepresentedbypsc
=14.7psia
and Tsc= 520,the above expression can be reduced to the
following
relationship:

where:
Bg=gasformationvolumefactor,ft3/scf.
Z=gascompressibilityfactor.
T=temperature,°R.
In otherfield units,the gas formation volume factorcan be
expressedinbbl/scf,bydividingiton5.614ft3/bbltogive:

Andalso



7GasExpansionFactor,Eg

Intermsofscf/ft3,thegasexpansionfactoris:

Inotherunits:

8GasViscosity,μg

Itisafunctionofthreevariables
1.Composition
2.Temperature
3.Pressure

Theviscosityofafluidisameasureoftheinternalfluidfriction
(resistance)toflow.Viscositiesareexpressedintermsofpoises,
centipoise,ormicropoises.Onepoiseequalsaviscosityof
1dynesec/cm2.Viscosityofanaturalgasiscompletelydescribed
bythefollowingfunction:

µg=(P,T,yi)

where
μg=theviscosityofthegasphase.

Theaboverelationshipsimplystatesthattheviscosityisa
functionofpressure,temperature,andcomposition.

METHODSOFCALCULATINGTHEVISCOSITYOFNATURALGASES

Twopopularmethodthatarecommonlyusedinthepetroleum
industryarethe:
1Carr-Kobayashi-BurrowsCorrelationMethod



where:
μ1=“corrected”gasviscosityat1atm andreservoirtemperature,
cp.(Δ )2=viscositycorrectionsduetothepresenceofN2.
(Δ ) 2=viscositycorrectionsduetothepresenceofCO2.
(Δ )2 =viscositycorrectionsduetothepresenceofH2S.
(μ1)uncorrected=uncorrectedgasviscosity,cp.
2Lee-Gonzalez-EakinMethod

Where:
ρ=gasdensityatreservoirpressureandtemperature,lb/ft3.
T=reservoirtemperature,°R.
Ma=apparentmolecularweightofthegasmixture.


