Crude Oil
Crude oil contains liquid hydrocarbons mostly made up of propane and above depending on grade. There are light, medium, or heavy crude oils, depending on their specific gravity (SG) or API (American Petroleum Institute standard) gravity. Crude oils contain many different hydrocarbon compounds characterised into three main families:
1. Paraffins 
2. Naphthenes 
3. Aromatics
They can be further classified into:
· Volatile oil (SG =0.78-0.825 equivalent to 40°-50° API)
· Black oil (SG=0.825-0.876 equivalent to 30-40°API)
· Heavy oil (SG=0.904-0.934 equivalent to 20°-25°API)
· Tar sands or bitumen (SG=1 equivalent to 10°API)
· 
The light crudes (volatile or black oil) are mostly paraffin based,
while the heavy oil/tar sands are predominantly asphaltene based. Black oil is dominated by a mixture of paraffin and asphaltene. The API gravity is here defined by
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1.1.2 Crude Oil Properties
Petroleum (an equivalent term is crude oil). The physical and chemical properties of crude oils vary considerably and depend on the concentration of the various types of hydrocarbons and minor constituents present. 
An accurate description of physical properties of crude oils is of a considerable importance in the fields of both applied and theoretical science and especially in the solution of petroleum reservoir engineering problems. Physical properties of primary interest in petroleum engineering studies include:
· Crude oil gravity "𝛾o".
· Specific gravity of solution gas  "𝛾𝑔".
•        Crude oil density "𝜌𝑜". 
· Gas solubility “𝑅𝑠”. 
· Bubble point pressure “𝑝𝑏”. 
· Oil formation volume factor “𝐵𝑜”. 
· Isothermal compressibility coefficient of crude oil “𝑐𝑜”. 
· Total formation volume factor “𝐵𝑡”. 
· Crude oil viscosity. 
1 Crude Oil API Gravity "𝛾o".
The specific gravity of a crude oil is defined as the ratio of the density of the oil to that of water.
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where: 
γo = specific gravity of the oil. 
ρo = density of the crude oil, lb/ft3.
ρw = density of the water, 62.4  lb/ft3.
ρw = 8.33 ppg
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2 Specific Gravity of the Solution Gas, "𝜸𝒈" 
The specific gravity of the solution gas γg is described by the weighted average of the specific gravities of the separated gas from each separator. This weighted average approach is based on the separator gas-oil ratio, or:
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where: 
n = number of separators. 
Rsep = separator GOR, scf/STB. 
γsep = separator gas gravity. 
Rst = GOR from the stock-tank, scf/STB. 
γst = gas gravity from the stock-tank.

3 Crude Oil Density, "𝝆𝒐"
The crude oil density is defined as the mass of a unit volume of the crude at a specified pressure and temperature. It is usually expressed in pounds per cubic foot. Several empirical correlations for calculating the density of liquids of unknown compositional analysis have been proposed.
The following equation  used to calculate the density of the oil at pressure below or equal to the bubble–point pressure. Solving Equation for the oil density gives:
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Where:

γo = specific gravity of the stock–tank oil
Rs = gas solubility, scf/STB
ρo = oil density, lb/ft3
Bo = the oil phase formation volume factor at Pr and Tr, bbl/STB


Depending on Standing (1981), the density of a crude oil at a specified pressure and temperature can be calculated from the following expression:
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Where:

T = system temperature, °R. 
γg = specific gravity of the gas. 
Rs = gas solubility, scf/STB. 









4 Gas Solubility “𝑹𝒔”
 
Rs=
Rs=SCF/STB

The gas solubility Rs is defined as the number of standard cubic feet of gas that will dissolve in one stock-tank barrel of crude oil at certain pressure and temperature. For a particular gas and crude oil to exist at a constant temperature, the solubility increases with pressure until the saturation pressure is reached. At the saturation pressure (bubble-point pressure) all the available gases are dissolved in the oil and the gas solubility reaches its maximum value. As the pressure is reduced from the initial reservoir pressure pi, to the bubble-point pressure pi, no gas evolves from the oil and consequently the gas solubility remains constant at its maximum value of Rsb. Below the bubble-point pressure, the solution gas is liberated and the value of Rs decreases with pressure.

As shown in Figure (1.1)
[image: ]Pb<P≤Pi  
Rs=Constant, dRs/dp =0
Ps.c.≤P<Pb
dRs/dP =+ve

Figure (1.1):Gas-Solubility as a function of pressure relationship
؞ dRso/dp =Gas Solubility Gradient [(SCF/STB)/psi]
Rp= Cumulative Produced Gas-Oil Ratio (Rp)=GOR
Rp=
Rso= solution gas-oil ratio (SCF/STB)
Gp=Cumulative oil Production (SCF)
Np=Cumulative Oil Production (STB)


Figure in below shows the variation of solution gas with pressure for the Big Sandy reservoir fluid at reservoir temperature 160°F. 
Pi= 3500 psia, 
solution gas 567 SCF/STB 
Pb=2500 psia 
At 1200 psia, the solution gas is 337 SCF/STB, 
The data of Figure were obtained from a laboratory PVT study of a bottom-hole sample.

[bookmark: _GoBack]The instantaneous GOR, as expressed in scf/STB, is defined as the total gas flow rate, i.e., free gas and solution gas, divided by the oil flow rate. 
 Instantaneous GOR
The produced GOR at any particular time is the
ratio of the standard cubic feet of total gas being produced at any time to the stock-tank barrels of oil being produced at the same instant—hence, the name instantaneous GOR.
Advanced Reservoir Management and Engineering

[image: ]

[image: ]


[image: ]
[image: ]

Standing’s Correlation for Determining “𝑹𝒔”
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with:
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where:
Rs = gas solubility, scf/STB. T = temperature, °R.
p = system pressure, psia.
γg = solution gas specific gravity. API = oil gravity, °API.

5 Bubble Point Pressure “𝒑𝒃”
The bubble-point pressure Pb of a hydrocarbon system is defined as the highest pressure at which a bubble of gas is first liberated from the oil.
the bubble-point pressure is a strong function of gas solubility Rs, gas gravity γg, oil gravity API, and temperature T, or:

𝑝𝑏=𝑓(𝑅s,𝛾𝑔,𝐴𝑃𝐼,𝑇)


6 Oil Formation Volume Factor “𝑩𝒐”
The oil formation volume factor, Bo, is defined as the ratio of the volume of oil (plus the gas in solution) at the prevailing reservoir temperature and pressure to the volume of oil at standard conditions. Bo is always greater than or equal to unity.

𝐵𝑜=𝑓(𝑅𝑠,𝛾𝑔,𝛾𝑜,𝑇)


Bo=
Bo>1
bo=<1= =shrinkage factor
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where:
Bo = oil formation volume factor OFVF, bbl/STB.
(Vo)p,T = volume of oil, in bbl, under reservoir pressure, p, and tempera-ture, T.
(Vo)sc = volume of oil is measured under SC, STB. 
A typical oil formation factor curve as shown in Figure below.


[image: ]

Figure shows Oil Formation Volume Factor “FVF” as a function of pressure relationship.

7 Isothermal Compressibility Coefficient of Crude Oil "𝒄𝒐"
Isothermal compressibility coefficients are required in solving many reservoir engineering problems, including transient fluid flow problems, and they are also required in the determination of the physical properties of the undersaturated crude oil.
above bubble point pressure
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Co =- × 
Co×ʃdp =-      both sides×-1

Co (p1-p2)= ln () multiple both sides by ex


v2=v1×eCo(p1-p2)

v2=v1× [1+Co (p1-p2)]

p>pb
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ρo=ρob× [1+Co (p-pb)]

Bo=Bob× [1- Co (p-pb)]
p>pb
Where:
 co = isothermal compressibility, psi–1 
ρo = oil density lb/ft3
 Bo = oil formation volume factor, bbl/STB
At pressures below the bubble–point pressure, the oil compressibility is defined as:
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Where
 Bg = gas formation volume factor, bbl/scf
Rs = gas solubility at any pressure, scf/STB

8 Total Formation Volume Factor “𝑩𝒕”
Bt, is defined as the ratio of the total volume of the hydrocarbon mixture (i.e., oil and gas, if present), at the prevailing pressure and temperature per unit volume of the stock-tank oil. 

Total Formation Volume Factor describe the pressure-volume relationship of  hydrocarbon systems below their bubble-point pressure.

[image: ]
[image: ]= 0 above the bubble point pressure; no free gas exists.
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where:
Bt = total FVF, bbl/STB. 
(Vo)p,T = volume of the oil at p and T, bbl. 
(Vg)p,T = volume of the liberated gas at p and T, bbl. 
(Vo)sc = volume of the oil at SC, STB.
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where:
Rsb = gas solubility at the bubble point pressure, scf/STB.
 Rs = gas solubility at any pressure, scf/STB. 
Bo = oil FVF at any pressure, bbl/STB. 
Bg = gas FVF, bbl/scf.
A typical plot of  Bt as a function of pressure for an undersaturated crude oil as shown in Figure below.

[image: ][image: ]

Figure shows Bo and Bt vs. pressure.
9 Crude Oil Viscosity “𝝁𝒐”
The viscosity, in general, is defined as the internal resistance of the fluid to flow. 𝝁𝒐 is an important physical property that controls and influences the flow of oil through porous media and pipes.
According to the pressure, the viscosity of crude oils can be classified into three categories:
·  Dead-Oil Viscosity.
· Saturated-Oil Viscosity.
· Undersaturated-Oil Viscosity.
لزوجة النفط تعتمد على 
1. مقدار الذوبانية (Rs) 
2. قيمة ال API
3. الحرارة والضغط
بشكل عام تتناسب اللزوجة طرديا مع الضغط وعكسيا مع درجة الحرارة
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The viscosity of the oil is measured laboratory by (High Pressure High Temperature Rolling Ball Viscometer). 
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