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Introduction

• Reservoir-fluid properties play a key role in the design and

optimization of injection/production strategies and surface

facilities for efficient reservoir management.

• Inaccurate fluid characterization

often leads to high uncertainties 

in in-place-volume estimates and 

recovery predictions.
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Properties Of Natural Gases

• the natural gas is a mixture of hydrocarbon and 

nonhydrocarbon gases.

• The hydrocarbon gases that are normally found in a 

natural gas are methanes, ethanes, propanes, butanes, 

pentanes.

• The nonhydrocarbon gases (i.e., impurities) include carbon 

dioxide, hydrogen sulfide, and nitrogen.
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Properties Of Natural Gases

• Density, ρg

• Apparent molecular weight, Ma

• Specific volume, v 

• Specific gravity, γg

• Compressibility factor, z

• Isothermal gas compressibility coefficient, cg

• Gas formation volume factor, Bg

• Gas expansion factor, Eg

• Viscosity, μg
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Behavior Of Ideal Gases

• The ideal gas is a hypothetical gas, but it serves as a useful tool to 

explain the more complex real gas behavior. Moreover, the equation for 

the ideal gas is also the basis of developing other equations for real 

gases. 

• The physical properties of a gas is controlled by three variables and 

these are

1. Pressure exerted by the gas,

2. Volume occupied by the gas and

3. Temperature of the gas.
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Behavior Of Ideal Gases

• An ideal gas has the following properties:

1. The volume occupied by gas molecules is negligible compared with 

the volume occupied by the gas;

2. There is no attractive or repulsive forces among the molecules or 

between the gas molecules and the wall of the container except during 

collisions;

3. All collisions between the gas molecules are purely elastic, implying 

no internal energy loss on collision.
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Laws Of Ideal Gas

• Boyle’s Law

• It states that under constant temperature, the absolute 

pressure of a given mass of an ideal gas varies inversely as 

its volume.
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Laws Of Ideal Gas

• Charles’s Law

• At constant absolute pressure, the volume of a given mass 

of an ideal gas varies directly to its temperature.
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Laws Of Ideal Gas

• Avogadro’s Law

• Under constant temperature and pressure, equal volumes 
of all the gases contains equal number of molecules.

• k = constant which is equals to RT/P, where R is the 
universal gas constant

Gas Properties                                                                                   
Farah N. Almohammad



Laws Of Ideal Gas

• General Gas Equation or Ideal Gas Law

• Ideal gas law or general gas equation is the combined form 

of boyle’s law, Charles’s law and Avogadro law. The ideal 

gas equation is written as:

PV=nRT……(1)
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Laws Of Ideal Gas

• General Gas Equation or Ideal Gas Law

• P = pressure of the gas, psia

• V = Volume of the gas, ft3

• n = Amount of substance of gas (in moles)

• R= Universal gas constant)= 10.730 psia ft3/lb-mole °R

• T = Absolute temperature of the gas, °R
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Laws Of Ideal Gas

• At low pressures, most real gases almost behave like an 

ideal gas. 

• For simplifying engineering calculation, a natural gas may 

be considered as an ideal gas under low pressures (less 

than 0.4 Mpa ~ 58 psi). 

• In reservoirs (high pressure), however, a natural gas 

behaves far from an ideal gas does.
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Apparent Molecular Weight

• There is no fixed molecular formula for any natural gas. 
Therefore, it is impossible to calculate the molecular 
weight of a natural gas in terms of its molecular formula 
like a pure substance.

• It represents the average molecular weight of all molecules 
in a natural gas.

• Numerically, the molecular weight of a natural gas is 
estimated in terms of the composition of a gas. Gas 
composition measured in the laboratory is customarily 
reported in mole fraction (yi ). 
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Apparent Molecular Weight

• The apparent molecular weight of the gas can be estimated 
using a mixing rule such as

𝑴𝒂 = σ𝒊=𝟏
𝒏 𝒚𝒊 𝑴𝒊 …..(5)

where Ma = apparent molecular weight of a gas mixture

Mi = molecular weight of the ith component in the mixture

yi = mole fraction of component i in the mixture

• The density of gas mixture is 

𝛒𝐠 =
𝐦

𝐕
=

𝐏𝑴𝒂

𝐑𝐓
……(𝟔)
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Apparent Molecular Weight

:-
(1-3)

(5)

(1-3)

a
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Gas Density

• The density is defined as the mass per unit volume of the 
substance

𝒏 =
𝒎

𝑴
....(2)

where m = weight of gas, lb

M = molecular weight, lb/lb-mol

PV=
𝒎

𝑴
RT ….(3)

𝛒𝐠 =
𝐦

𝐕
=

𝐏𝐌

𝐑𝐓
….(4)

where ρ𝒈 = density of the gas, lb/𝐟𝐭𝟑
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Gas Density
Example

• T(R)=T(F)+460

3
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Gas Density

1-1
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Gas Density

1-2
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Standard Volume

• The standard volume is defined as the volume of gas occupied 
by 1 lb-mol of gas at standard conditions.

• The standard conditions are usually 14.7 psia and 60°F.

• 𝑽𝒔𝒄 =
𝟏 𝑹 𝑻𝒔𝒄

𝑷𝒔𝒄
=

𝟏 ×𝟏𝟎.𝟕𝟑 ×𝟓𝟐𝟎

𝟏𝟒.𝟕
……(6) 

• Vsc = 379.4 scf/lb-mol

where Vsc = standard volume, scf/lb-mol

scf = standard cubic feet

Tsc = standard temperature, °R

Psc = standard pressure, psia
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Specific Volume

• The specific volume is defined as the volume occupied by a 

unit mass of the gas.

• 𝒗 =
𝑽

𝒎
=

𝑹 𝑻

𝑷𝑴
=

𝟏

ρ𝒈
….(7)

where v = specific volume, ft3/lb

ρg = gas density, lb/ft3
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Specific Gravity

• The specific gravity is defined as the ratio of the gas 

density to that of the air.

• Both densities are measured or expressed at the same 

pressure and temperature. 

• Commonly, the standard pressure psc and standard 

temperature Tsc are used in defining the gas specific 

gravity.
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Specific Gravity

γ𝒈 =
ρ𝒈

ρ 𝒂𝒊𝒓
…….(8)

γ𝒈 =

𝑷𝒔𝒄 𝑴𝒂
𝐑 𝑻𝒔𝒄

𝑷𝒔𝒄 𝑴𝒂𝒊𝒓
𝐑 𝑻𝒔𝒄

…….(9)

γ𝒈 =
𝑴𝒂

𝑴𝒂𝒊𝒓
…….(10)

Where γg = gas specific gravity

ρ air = density of the air

M air = apparent molecular weight of the air = 28.96

Ma = apparent molecular weight of the gas

Psc = standard pressure, psia

Tsc = standard temperature, °R
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Gas Mixture Density

Example
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Gas Mixture Density

( 5 )
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Behavior Of Real Gases

• In most cases, the deviation from ideal behavior of real 

gases can be modified by a correction factor; and the 

results can satisfy the accuracy in engineering application.

• The correction factor called the gas compressibility factor, 

gas deviation factor, or simply the z-factor.

• The compressibility equation of state for real gases is 

developed as

PV=znRT……(11)
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Behavior Of Real Gases

• General Gas Equation of Real Gas 

• P = pressure of the gas, psia

• V = Volume of the gas, ft3

• n = Amount of substance of gas (in moles)

• R= Universal gas constant)= 10.730 psia ft3/lb-mole °R

• T = Absolute temperature of the gas, °R

• z= The gas compressibility factor, dimensionless
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Gas Compressibility Factor

• The gas compressibility factor z is a dimensionless 

quantity. 

• It is defined as the ratio of the actual volume of n-moles of 

gas at T and p to the ideal volume of the same number of 

moles at the same T and p.

𝒛 =
𝑽𝒂𝒄𝒕𝒖𝒂𝒍

𝑽𝒊𝒅𝒆𝒂𝒍
= 

𝑽

Τ(𝒏𝑹𝑻) 𝑷
….(12)
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Gas Compressibility Factor 

Calculation
• pseudo-critical properties, i.e., Ppc and Tpc, calculation.

𝑷𝒑𝒄 = σ𝒊=𝟏
𝒏 𝒚𝒊 𝑷𝒄𝒊 .....(13)

𝑻𝒑𝒄 = σ𝒊=𝟏
𝒏 𝒚𝒊 𝑻𝒄𝒊 .....(14)

• Dimensionless terms, Pseudo-reduced pressure and Pseudo-reduce 
temperature calculation .

𝑷𝒑𝒓 =
𝑷

𝑷𝒑𝒄
.....(15)

𝑻𝒑𝒓 =
𝑻

𝑻𝒑𝒄
.....(16)
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Gas Compressibility Factor 

Calculation

where p = system pressure, psia

Ppr = pseudo-reduced pressure, dimensionless

T = system temperature, °R

Tpr = pseudo-reduced temperature, dimensionless

Ppc, Tpc = pseudo-critical pressure and temperature, 

respectively
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Gas Compressibility Factor
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Standing And Katz Compressibility Factor Chart

Tpr value 

Ppr valve
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Gas Compressibility Factor

Example
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Gas Compressibility Factor

15 16
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Standing And Katz Compressibility Factor Chart

Tpr =1.67 

Ppr =4.5

Z=0.85

Gas Properties                                                                                   
Farah N. Almohammad



Gas Compressibility Factor
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Gas Compressibility Factor

• In cases where the composition of a natural gas is not available, the 

pseudo-critical properties, i.e., ppc and Tpc, can be predicted solely 

from the specific gravity of the gas.

• This can be done either by Pseudo-critical properties of natural gases 

chart or by using the following equations.

• Case : Natural Gas Systems

Tpc = 168 + 325 γg − 12.5 γg      …..(17)

Ppc = 677 + 15.0 γg − 37.5 γg   …….(18)
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Gas Compressibility Factor

Gas 

specific 

gravity 

value
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Adjustment of The Z-factor

• Higher contents of nonhydrocarbons in natural gases result in large 

deviations in the pseudoreduced properties of natural gases by Kay’s 

rule. Therefore, the correction to the Z-factor from a chart is 

necessary. 

• Besides the hydrogen sulfide and carbon dioxide, nitrogen is common 

in natural gases. Generally, the presence of nitrogen does not greatly 

affect the accuracy of a Z-factor from a generalized chart; Z-factor 

increases by about l % for each 5 % of nitrogen in the gas.

• However, the presence of hydrogen sulfide and carbon dioxide in 

natural gases may cause large errors in Z-factors from a generalized 

chart.
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Adjustment of The Z-factor

The equations used for the adjustment  by The Wichert-Aziz Correction 

Method are:
……..(19)

……..(20)

……..(21)
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Adjustment of The Z-factor

Example 

17 18

21

19
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Adjustment of The Z-factor

20

10
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Compressibility Of Natural Gases

• Gas isothermal compressibility is a measure of a change in the volume 
of a gas with respect to a change in reservoir pressure. Since reservoir 
temperature is always constant during gas production, the isothermal 
gas compressibility is extensively used in determining the compressible 
properties of gas reservoirs.

• In general, the compressibility of natural gas is significantly higher 
than that of crude oil and interstitial water in reservoirs, typically by 
two orders of magnitude. The gas compressibility is about in the order 
of 720× 𝟏𝟎−𝟒 MPa−𝟏, whereas typical water and oil compressibilities
are about 6 × 𝟏𝟎−𝟒 and 15 × 𝟏𝟎−𝟒 MPa−𝟏,respectively 

𝒄𝒈 = −
𝟏

𝑽

𝝏𝑽

𝝏𝒑 𝑻

where cg = isothermal gas compressibility, 1/psi.
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Compressibility Of Natural Gases

• Care should be taken so that one is not confused with the 
two concepts: Cg and Z because they both use the word 
“compressibility”, and both are related to the effect of 
pressure on gas volume.

• Cg (gas compressibility) means the ability of the gas being 
compressed at constant temperature; whereas Z 
(compressibility factor or Z-factor) denotes the deviation 
from ideality of a gas. 

• Cg is used for the calculation of the elastic energy of a gas 
reservoir, but Z-factor is used for the calculation of gas 
behavior in the equation of states.
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Compressibility Of Natural Gases

….(22)

(22)

….(23)

….(24)

….(25)
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Compressibility Of Natural Gases

where cpr = isothermal pseudo-reduced compressibility

cg = isothermal gas compressibility, psi−1

ppc = pseudo-reduced pressure, psi

• Values of (∂z/∂ppr)Tpr can be calculated from the slope of the 

Tpr isotherm on the Standing and Katz z-factor chart
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Compressibility Of Natural Gases

Example
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Compressibility Of Natural Gases

Calculated Ppr= 2.99 at Tpr= 1.52

For these pseudo conditions z=0.78

To find (
𝝏𝒛

𝝏𝑷𝑷𝒓
)𝑻𝒑𝒓:

Let Ppr =2.5 at constant Tpr= 1.52

For these pseudo conditions z=0.792

(
𝝏𝒛

𝝏𝑷𝑷𝒓
)𝑻𝒑𝒓=

𝒛𝟏−𝒛𝟐

𝑷𝑷𝒓𝟏−𝑷𝑷𝒓𝟐
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Compressibility Of Natural Gases

Gas Properties                                                                                   
Farah N. Almohammad

25

24



Gas Formation Volume Factor

• Gas formation volume factor is defined as the volume of free 
gas, measured at reservoir conditions, required to produce unit 
volume of the gas at surface standard conditions. Thus

𝑩𝒈 =
𝑽𝑹

𝑽𝒔𝒄
…..(26)

where Bg = gas formation volume factor, ft3/scf

VR = volume of gas at pressure p and temperature, T, ft3

Vsc = volume of gas at standard conditions, scf

• The gas formation volume factor is used to relate the volume of 
gas, as measured at reservoir conditions, to the volume of the 
gas as measured at standard conditions, i.e., 60°F and 14.7 psia.
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Gas Formation Volume Factor
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Gas Formation Volume Factor

A typical curve of gas formation volume factor as a function of 

pressure at reservoir temperature
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Gas Expansion Factor

• The reciprocal of the formation value of the factor 

sometimes is called gas expansion factor.
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