
Natural Gas Properties
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 Basic definitions (Ideal and Real gas)

 Apparent molecular weight, Ma.

 Specific volume, vs.

 Gas density, ρg.

 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 kinetic theory of gases:

the gas is composed of a very large number of particles called molecules.

For an ideal gas:

 the volume of these molecules is insignificant compared with the total

volume occupied by the gas.

 these molecules have no attractive or repulsive forces between them.

 it is assumed that no loss of energy due to collision.
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Petroleum engineers usually are interested in the behavior of mixtures and

rarely deal with pure component gases. Because natural gas is a mixture of

hydrocarbon components, the overall physical and chemical properties can be

determined from the physical properties of the individual components in the

mixture by using appropriate mixing rules.

Mixture of Gases

Apparent Molecular Weight, Ma
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It is convenient in many engineering calculations to convert from mole fraction to

weight fraction and vice versa. The procedure is given in the following steps.
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Standard Volume, Vsc

The volume occupied by l lb-mole of gas at a reference pressure and

temperature.

These reference conditions are usually 14.7 psia and 60°F and are

commonly referred to as standard conditions.
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Behavior of Real Gases
In dealing with gases at a very low pressure, the ideal gas relationship is a

convenient and generally satisfactory tool. At higher pressures, the use of the

ideal gas equation of state may lead to errors as great as 500%, as compared to

errors of 2–3% at atmospheric pressure.

Z-factor; gas compressibility factor; gas deviation factor
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Based on the concept of pseudo-

reduced properties, Standing and

Katz (1942) presented a

generalized gas compressibility

factor chart as shown in Figure 3–1.

The chart represents the

compressibility factors of sweet

natural gas as a function of ppr and

Tpr.

This chart is generally reliable for

natural gas with a minor amount of

non-hydrocarbons.

It is one of the most widely

accepted correlations in the oil and

gas industry.
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Standing and Katz chart

a. Without non-hydrocarbon component

?

?

So, at first, we need to calculate ppr and Tpr
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ppr and Tpr

So, we need to calculate ppc and Tpc
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Matthews et al. (1942) correlated the critical properties of the C7+ fraction as a

function of the molecular weight and specific gravity:

It should be pointed out that these pseudo-critical properties, that is, ppc and Tpc, do not

represent the actual critical properties of the gas mixture. These pseudo properties are

used as correlating parameters in generating gas properties.
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we can read Pc and T for each component from a table, But 

for plus fraction???

Calculation of ppc and Tpc (composition of gas is available)
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Real Gas Density
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In cases where the composition of a natural gas is not available, the pseudo-

critical properties, ppc and Tpc, can be predicted solely from the specific gravity of

the gas. Brown et al. (1948) presented a graphical method for a convenient

approximation of the pseudo-critical pressure and pseudo-critical temperature of

gases when only the specific gravity of the gas is available. The correlation is

presented in Figure 3–2. Standing (1977) expressed this graphical correlation in

the following mathematical forms.

Pseudo-critical T&p - Brown et al. (1948) 
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Calculation of ppc and Tpc (composition of gas is not available)
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Effect of Nonhydrocarbon Components on the Z-Factor

Natural gases frequently contain materials other than hydrocarbon components,

such as nitrogen, carbon dioxide, and hydrogen sulfide.

Hydrocarbon gases are classified as sweet or sour depending on the hydrogen

sulfide content.

Both sweet and sour gases may contain nitrogen, carbon dioxide, or both.

A hydrocarbon gas is termed a sour gas if it contains 1 grain of H2S per 100

cubic feet.

Concentrations of up to 5% of these non-hydrocarbon components do not

seriously affect accuracy. Errors in compressibility factor calculations as large as

10% may occur in higher concentrations of non-hydrocarbon components in gas

mixtures.

Non-hydrocarbon Adjustment Methods

1. Wichert-Aziz method

2. Carr-Kobayashi-Burrows

1 gram = 15 grains
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b. Without non-hydrocarbon component

So we need make a correction in ppc and Tpc 
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Wichert-Aziz correction method
This method permits the use of the Standing-Katz Z-factor chart (Figure 3–1), by

using a pseudo-critical temperature adjustment factor ε, which is a function of

the concentration of CO2 and H2S in the sour gas. This correction factor then is

used to adjust the pseudo-critical temperature and pressure according to the

following expressions:
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Whitson and Brule (2000) point out that, when only the gas specific gravity and

non-hydrocarbon content are known (including nitrogen, yN2 ), the following

procedure is recommended:

Whitson and Brule (2000) Recommendation 
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Carr-Kobayashi-Burrows’s Correction Method
Carr, Kobayashi, and Burrows (1954) proposed a simplified procedure to

adjust the pseudo-critical properties of natural gases when nonhydrocarbon

components are present. The method can be used when the composition of

the natural gas is not available. The proposed procedure is summarized in the

following steps.
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May be it is related to 

increases in polarity of gas 

that leads to more 

intendancy to liquefied
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c. High-Molecular-Weight Gases (Correction) 

It should be noted that the Standing

and Katz Z-factor chart (Figure 3–1)

was prepared from data on binary

mixtures of methane with propane,

ethane, and butane and on natural

gases, thus covering a wide range in

composition of hydrocarbon mixtures

containing methane. No mixtures

having molecular weights in excess of

40 were included in preparing this plot.
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Correction for High-Molecular-Weight Gases

Problem: unsatisfactory Standing–Katz Z-factors (Fig 3-1) for high molecular-

weight reservoir gases.

Sutton (1985) pointed out that Kay’s mixing rules should not be used to

determine the pseudo-critical pressure and temperature for reservoir gases with

specific gravities greater than about 0.75.

Sutton proposed that this deviation can be minimized by utilizing the mixing

rules developed by Stewart, Burkhard, and Voo (1959), together with newly

introduced empirical adjustment factors (FJ, EJ, and EK) to account for the

presence of the heptanes-plus fraction, C7+, in the gas mixture.
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Direct Calculation of Compressibility Factors

Explicit Calculation

After four decades of existence, the Standing-Katz

Z-factor chart is still widely used as a practical

source of natural gas compressibility factors.

Papay (1985) proposed a simple expression for

calculating the gas compressibility factor explicitly.
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Good 

approximation
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Direct Calculation of Compressibility Factors

Numerical Calculation

Hall-Yarborough

Dranchuk-Abu-Kassem

Dranchuk-Purvis-Robinson

Hall-Yarborough’s Method (1973)

Hall and Yarborough pointed out that the method is not recommended for 

application if the pseudo-reduced temperature is less than 1.

Hall and Yarborough proposed the following mathematical form:
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Equation (3–37) is a nonlinear equation and can be solved conveniently for the

reduced density Y by using the Newton-Raphson iteration technique. The

computational procedure of solving equation (3–37) at any specified pseudo-

reduced pressure, ppr, and temperature, Tpr, is summarized in the following

steps.
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Step by step
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Dranchuk and Abu-Kassem’s Method (1975)

Dranchuk and Abu-Kassem (1975) derived an analytical expression for

calculating the reduced gas density that can be used to estimate the gas

compressibility factor. The reduced gas density ρr is defined as the ratio of the

gas density at a specified pressure and temperature to that of the gas at its

critical pressure or temperature:
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If ρr =
Z=
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Equation (3–41) can be solved for the reduced gas density ρr by applying the 

Newton- Raphson iteration technique as summarized in the following steps.
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Dranchuk-Purvis-Robinson Method (1974)

Dranchuk, Purvis, and Robinson (1974) developed a correlation based on the

Benedict-Webb-Rubin type of equation of state. Fitting the equation to 1500 data

points from the Standing and Katz Z-factor chart optimized the eight coefficients

of the proposed equations.

The equation has the following form:
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Compressibility of Natural Gases
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n, R, are constant, Z depends on P=Pr. Ppc

So it is valid only in very very low pressure NOT high pressure

But how can I calculate          ?any idea?
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Equation (3–44) can be conveniently expressed in terms of the pseudo-

reduced pressure and temperature by simply replacing p with (ppr ppc ):
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Compressibility of Natural Gases

Trube (1957a and 1957b)

Trube (1957a and 1957b) presented graphs from which the isothermal

compressibility of natural gases may be obtained. The graphs, Figures 3–3 and

3–4, give the isothermal pseudo-reduced compressibility as a function of

pseudo-reduced pressure and temperature.
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Mattar, Brar, and Aziz (1975) presented an analytical technique for calculating the isothermal 

gas compressibility. The authors expressed cpr as a function of ∂p/∂ρr rather  than ∂p/∂ppr.

Compressibility of Natural Gases

Mattar, Brar, and Aziz (1975)

where the coefficients T1 through T4 and A1 through A8 are as defined previously by equation (3–42).
11/22/2016



71

Gas Formation Volume Factor

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, that is, 60°F and 14.7 psia.
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Gas Expansion Factor
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Useful Relations
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After calculation of Z using one of 

mentioned methods
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Gas Viscosity
The viscosity of a fluid is a measure of the internal fluid friction (resistance)

to flow.

Viscosity is the ratio of the shear force per unit area to the local velocity

gradient.

The gas viscosity is not commonly measured in the laboratory because it can 

be estimated precisely (accurately) from empirical correlations.

1. First calculate 

Atmospheric Viscosity

1. Lee-Gonzalez-Eakin method
11/22/2016

 Carr-Kobayashi-Burrows

atmosperic chart

or

 Standing correlation

Next
 Carr-Kobayashi-Burrows 

ratio chart

or

 Dempsey ratio 

correlation

popular methods that are commonly used in the petroleum industry are:
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Carr, Kobayashi, and Burrows (1954)

A graphical correlations for estimating the viscosity of natural gas as a

function of temperature, pressure, and gas gravity.
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Atmospheric Gas Viscosity -Standing (1977)

Standing (1977) proposed a convenient mathematical expression for

calculating the viscosity of the natural gas at atmospheric pressure and

reservoir temperature, μ1. Standing also presented equations for describing the

effects of N2, CO2, and H2S on μ1. The proposed relationships are
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Reservoir Pressure Gas Viscosity -Dempsey (1965)
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Lee-Gonzalez-Eakin’s Method (1966)
Lee, Gonzalez, and Eakin (1966) presented a semi-empirical relationship for

calculating the viscosity of natural gases. The authors expressed the gas

viscosity in terms of the reservoir temperature, gas density, and the molecular

weight of the gas. Their proposed equation is given by

The proposed correlation can predict viscosity values with a standard deviation of 2.7% and a

maximum deviation of 8.99%. The correlation is less accurate for gases with higher specific

gravities. The authors pointed out that the method cannot be used for sour gases.
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“Average Surface Specific Gravity” of Wet Gas Reservoirs

The surface specific gravity of a wet

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:

11/22/2016



91

For wet gas reservoirs that produce liquid (condensate) at separator conditions,

the produced gas mixtures normally exist as a “single” gas phase in the reservoir

and production tubing. To determine the well-stream specific gravity, the produced

gas and condensate (liquid) must be recombined in the correct ratio to find the

average specific gravity of the “single-phase” gas reservoir.
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“Well-stream specific Gravity” of Wet Gas Reservoirs

Not Gas/Oil !
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The Molecular Weight of the Stock-tank 

Condensate- Standing (1974)

Equation (3–70) should be used only in the range 45° < API < 60°.

Eilerts (1947) proposed an expression for the ratio γo/Mo as a function of the

condensate stock-tank API gravity:
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In retrograde and wet gas reservoirs calculations, it is convenient to express the 

produced separated gas as a fraction of the total system produced. This fraction 

fg can be expressed in terms of the separated moles of gas and liquid as

Fraction of the Separated Gas Produced
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For a total producing gas/oil ratio of Rs scf/STB, the equivalent number of

moles of gas as described by equation (3–6) is
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#HW Derive the 

above equation
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Equivalent Gas Volume

When applying the material balance equation for a gas reservoir, it assumes

that a volume of gas in the reservoir will remain as a gas at surface conditions.

When liquid is separated, the cumulative liquid volume must be converted into

an equivalent gas volume, Veq, and added to the cumulative gas production for

use in the material balance equation. If Np STB of liquid (condensate) has been

produced, the equivalent number of moles of liquid is given by equation (3–73)

as:

Expressing this number of moles of liquid as an equivalent gas volume at

standard conditions by applying the ideal gas equation of state gives:
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More conveniently, the equivalent gas volume can be expressed in scf/STB as
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