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Fig. 3.9—Wellstream gravity relative to surface average gas grav-
ity as a function of solution oil/gas ratio and surface gravities.
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Mo� 240� 2.22 �API . (3.57). . . . . . . . . . . . . . . . . . . . . . . . 

This relation should not be extrapolated outside the range
45� �API� 60. Eilerts34 gives a relation for (��M)o ,

���M�
o
� �1.892� 10�3� � �7.35� 10�5��API

� �4.52� 10�8�� 2
API , (3.58). . . . . . . . . . . . . . . . . . . 

which should be reliable for most condensates. When condensate
molecular weight is not available, the recommended correlation for
Mo is the Cragoe35 correlation,

Mo�
6, 084

�API � 5.9
, (3.59). . . . . . . . . . . . . . . . . . . . . . . . . . 

which gives reasonable values for all surface condensates and
stock-tank oils.

A typical problem that often arises in the engineering of gas-con-
densate reservoirs is that all the data required to calculate well-
stream gas volumes and wellstream specific gravity are not avail-
able and must be estimated.36-38 In practice, we often report only the
first-stage-separator GOR (relative to stock-tank-oil volume) and
gas specific gravity, Rs1 and �g1, respectively; the stock-tank-oil
gravity, �o ; and the primary-separator conditions, psp1 and Tsp1.

To calculate �w from Eq. 3.55 we need total producing OGR, rp,
which equals the inverse of Rs1 plus the additional gas that will be
released from the first-stage separator oil, Rs�,

rp�
1

�Rs1 � Rs��
. (3.60). . . . . . . . . . . . . . . . . . . . . . . . . . . 

Rs� can be estimated from several correlations.37,39 Whitson38 pro-
poses use of a bubblepoint pressure correlation (e.g., the Standing40

correlation),

Rs� � A1�g� (3.61a). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

and A1� 
� psp1

18.2
� 1.4�10�0.0125�API�0.00091Tsp1

��
1.205

,

(3.61b). . . . . . . . . . . . . . . . . . . 

with psp1 in psia, Tsp1 in °F, and Rs� in scf/STB. �g� is the gas grav-
ity of the additional solution gas released from the separator oil. The
Katz41 correlation (Fig. 3.10) can be used to estimate �g�, where a
best-fit representation of his graphical correlation is

�g� � A2� A3 Rs�, (3.62). . . . . . . . . . . . . . . . . . . . . . . . . . 

where A2� 0.25� 0.02�API and A3�� (3.57� 10�6)�API .

Fig. 3.10—Correlation for separator-oil dissolved gas gravity as
a function of stock-tank-oil gravity and separator-oil GOR (from
Ref. 41).
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Solving Eqs. 3.61 and 3.62 for Rs� gives

Rs� �
A1 A2

�1� A1 A3
�

. (3.63). . . . . . . . . . . . . . . . . . . . . . . . . . 

Average surface separator gas gravity, �g, is given by

�
g
�

�g1 Rs1� �g� Rs�

Rs1� Rs�
. (3.64). . . . . . . . . . . . . . . . . . . . . . 

Although the Katz correlation is only approximate, the impact of a
few percent error in �g� is not of practical consequence to the cal-
culation of �w because Rs� is usually much less than Rs1.

3.3.5 Gas Viscosity. Viscosity of reservoir gases generally ranges
from 0.01 to 0.03 cp at standard and reservoir conditions, reaching
up to 0.1 cp for near-critical gas condensates. Estimation of gas vis-
cosities at elevated pressure and temperature is typically a two-step
procedure: (1) calculating mixture low-pressure viscosity �gsc at
psc and T from Chapman-Enskog theory3,6 and (2) correcting this
value for the effect of pressure and temperature with a correspond-
ing-states or dense-gas correlation. These correlations relate the ac-
tual viscosity �g at p and T to low-pressure viscosity by use of the
ratio �g��gsc or difference ( �g� �gsc) as a function of pseudore-
duced properties ppr and Tpr or as a function of pseudoreduced den-
sity �pr.

Gas viscosities are rarely measured because most laboratories do
not have the required equipment; thus, the prediction of gas viscos-
ity is particularly important. Gas viscosity of reservoir systems is
often estimated from the graphical correlation �g��gsc� f(Tr, pr)
proposed by Carr et al.42 (Fig. 3.11). Dempsey43 gives a polynomial
approximation of the Carr et al. correlation. With these correlations,
gas viscosities can be estimated with an accuracy of about �3% for
most applications. The Dempsey correlation is valid in the range
1.2� Tr� 3 and 1� pr� 20.

The Lee-Gonzalez gas viscosity correlation (used by most PVT
laboratories when reporting gas viscosities) is given by44

�g� A1� 10�4 exp�A2�
A3
g
� , (3.65a). . . . . . . . . . . . . . . . . . 

where A1�
�9.379� 0.01607Mg�T1.5

209.2� 19.26Mg� T
,

A2� 3.448� �986.4�T� � 0.01009Mg ,

and A3� 2.447� 0.2224A2 , (3.65b). . . . . . . . . . . . . . . . . . . . 

with �g in cp, �g in g/cm3, and T in °R. McCain19 indicates the ac-
curacy of this correlation is 2 to 4% for �g�1.0, with errors up to
20% for rich gas condensates with �g� 1.5.


