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are generally quantified in terms of IFT, �� units of � are dynes/cm
(or equivalently, mN/m). The magnitude of IFT varies from �50
dynes/cm for crude-oil/gas systems at standard conditions to �0.1
dyne/cm for high-pressure gas/oil mixtures. Gas/oil capillary pres-
sure, Pc, is usually considered proportional to IFT according to the
Young-Laplace equation Pc� 2��r, where r is an average pore ra-
dius.13-15 Recovery mechanisms that are influenced by capillary
pressure (e.g., gas injection in naturally fractured reservoirs) will
necessarily be sensitive to IFT.
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This section gives correlations for PVT properties of natural gases,
including the following.

1. Review of gas volumetric properties.
2. Z-factor correlations.
3. Gas pseudocritical properties.
4. Wellstream gravity of wet gases and gas condensates.
5. Gas viscosity.
6. Dewpoint pressure.
7. Total volume factor.

3.3.1 Review of Gas Volumetric Properties. The properties of gas
mixtures are well understood and have been accurately correlated
for many years with graphical charts and EOS’s based on extensive
experimental data.16-19 The behavior of gases at low pressures was
originally quantified on the basis of experimental work by Charles
and Boyle, which resulted in the ideal-gas law,3
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where R is the universal gas constant given in Appendix A for vari-
ous units (Table A-2). In customary units,
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while for other units, R can be calculated from the relation
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For example, the gas constant for SPE-preferred SI units is given by
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The gas constant can also be expressed in terms of energy units (e.g.,
R�8.3143 J/mol
K); note that J�N
m�(N/m2)m3�Pa
m3. In
this case, the conversion from one unit system to another is given by
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An ideal gas is a hypothetical mixture with molecules that are
negligible in size and have no intermolecular forces. Real gases
mimic the behavior of an ideal gas at low pressures and high temper-
atures because the mixture volume is much larger than the volume
of the molecules making up the mixture. That is, the mean free path
between molecules that are moving randomly within the total vol-
ume is very large and intermolecular forces are thus very small.

Most gases at low pressure follow the ideal-gas law. Application
of the ideal-gas law results in two useful engineering approxima-
tions. First, the standard molar volume representing the volume oc-
cupied by one mole of gas at standard conditions is independent of
the gas composition.
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Second, the specific gravity of a gas directly reflects the gas molecu-
lar weight at standard conditions,
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For gas mixtures at moderate to high pressure or at low tempera-
ture the ideal-gas law does not hold because the volume of the con-
stituent molecules and their intermolecular forces strongly affect the
volumetric behavior of the gas. Comparison of experimental data
for real gases with the behavior predicted by the ideal-gas law shows
significant deviations. The deviation from ideal behavior can be ex-
pressed as a factor, Z, defined as the ratio of the actual volume of one
mole of a real-gas mixture to the volume of one mole of an ideal gas,
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(3.29). . . . . . . . . . . . . . . . . . . . 

where Z is a dimensionless quantity. Terms used for Z include devi-
ation factor, compressibility factor, and Z factor. Z factor is used in
this monograph, as will the SPE reserve symbol Z (instead of the rec-
ommended SPE symbol z) to avoid confusion with the symbol z
used for feed composition.

From Eqs. 3.22 and 3.29, we can write the real-gas law including
the Z factor as

pV� nZRT, (3.30). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

which is the standard equation for describing the volumetric behav-
ior of reservoir gases. Another form of the real-gas law written in
terms of specific volume (v^ � 1��) is

pv^ � ZRT�M (3.31). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

or, in terms of molar volume (v� M��),

pv� ZRT. (3.32). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Z factor, defined by Eq. 3.30,

Z� pV�nRT, (3.33). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

is used for both phases in EOS applications (see Chap. 4). In this
monograph we use both Z and Zg for gases and Zo for oils; Z without
a subscript always implies the Z factor of a “gas-like” phase.

All volumetric properties of gases can be derived from the real-
gas law. Gas density is given by
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or, in terms of gas specific gravity, by
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For wet-gas and gas-condensate mixtures, wellstream gravity, �w,
must be used instead of �g in Eq. 3.35.3 Gas density may range
from 0.05 lbm/ft3 at standard conditions to 30 lbm/ft3 for high-
pressure gases.

Gas molar volume, vg, is given by

vg� ZRT�p, (3.36). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

where typical values of vg at reservoir conditions range from 1 to 1.5
ft3/lbm mol compared with 379 ft3/lbm mol for gases at standard
conditions. In Eqs. 3.30 through 3.36, R�universal gas constant.


