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A Rigorous Yet Simple Dead Oil Viscosity Correlation

H. S. Naji'
YFaculty of Earth Sciences, King Abdulaziz University, Jeddah, Saudi Arabia

A rigorous yet simple correlation for the estimation of dead oil viscosity is proposed. The new
correlation requires oil API gravity and system temperature as the only correlation parameters. It
calculates the Watson characterization factor as a function of oil API gravity. Hence, the paraffinicity
or character of the crude oil is implicitly taken into account. The new correlation was checked
against other correlations for a full spectrum of oil API gravities and system temperatures. It per-
formed exceptionally good thus eliminating the lengthy and complex calculation procedure of other
correlations.
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1. INTRODUCTION

During the course of reservoir simulation, the task of calculating dead oil viscosity is required
at the initialization stage or whenever oil composition changes. Many correlations were proposed

to estimate viscosity of the dead oils at atmospheric pressures and reservoir temperatures. M

ost

common correlations, however, require the dead oil API gravity and reservoir temperature as the

only correlating parameters (Naji, 2011). Beal (1946) suggested the following correlation:
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Egbogah and Ng (1990) suggested the following correlation:
Hoa = 10% — 1,

X = 1(!-865a—0.02508a4P1~0.5644110g(T)

Al-Khafaji et al. (1987) suggested this correlation:
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Mod =

T 2.709
D = (API + = - 14.29) .
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Petrosky (1990) suggested the following correlation:
Mod = A x Ba

A = 23511 x 1077721025

B = [IOg(API)](4'5938aIOg(T)_22'82792)_

Kartoatmodjo and Schmidt (1994) suggested this correlation:
Hod = A x Ba
A=1.6x10T987

B = [log(API)]5.752610g(T)—26.9718‘
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Dindoruk and Christman (2004) have suggested a correlation that requires bubblepoint pressure
and solution gas/oil ratio at the bubblepoint pressure as extra parameters. Their correlation is

given by

a;T*(log(API))4
aspp + ook

Mod =

A = aylog(T) + as,
a) = 14.505357625,
a, = —44.868655416,
as = 9.36579¢9,

as = —4.194017808,
as = —3.1461171e — 9,
as = 1.517652716,

a7 = 0.010433654,

ag = —0.00077688.
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The previous correlations are only few of many excellent correlations found in the literature. The
main drawback of such correlations, however, is that they ignore the paraffinicity or character of
the crude oil.

Correlations that utilize the Watson characterization factor for defining the paraffinicity or
character of the crude oil have been proposed. Those correlations show stable viscosity predictions
over a wide range of prevailing temperature. Such correlations were not extensively used by
the industry due to their lengthy and complex procedure. Twu (1985) proposed a correlation
that requires the dead oil API gravity, reservoir temperature, and Watson characterization factor.
Bergman and Sutton (2007) revised Twu coefficients and proposed new regression equations
for the kinematic viscosity at the reference temperatures of 100°F and 210°F. Twu’ (1985) and
Bergman and Sutton’ (2007) procedure may be summarized as follows:

Hod = VoT VoT (28)
where y,r is the crude oil specific gravity as affected by the temperature T and is given by
Yor = 0.999012y,6,VCF, (29)

Yoso 18 the crude oil specific gravity (y,) at 60°F.
VCFr is the crude oil volume correction factor with a base temperature of 60°F:

VCFy = EeseAT(+08aeAT)] (30)
a0 1S the thermal expansion coefficient with a base temperature of 60°F:

KO + Kl Yo6o

(€29
y026o
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The coefficients Ky and K; are given for each liquid of interest. The ASTM D1250-80 (2002)
code provides values for both pure components and generalized crude oils, which were updated
by Bergman and Sutton (2007) for pure components as

Ko =3.4175x 107*, (32)

Ky =—4.542x107". (33)
Whereas for the generalized crude oils, the updated values are given by:

Ko =2.5042x 107*, (34)

Ki =8.3020 x 107°. (35)

AT =T — 60 is the temperature difference between base and current temperatures.
Vo7 1s the crude oil kinematic viscosity as affected by the temperature 7'. It is evaluated as
follows:

Vor = ¥ —e”. (36)
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Other parameters are given by

x = —0.7487 — 3.295¢ + 0.6119y% — 0.3193y°, 37)

v = (Zr —0.7), (38)

Zr =’ (39)

I =e”, (40)

H = 1n[In(Z100)] + B[In(Tass) —In(559.67)], (41)

_ In[In(Z5;9)] — ln[ln(Zloo)]’ 42)
In(669.67) — In(559.67)

Tpps = T + 459.67, (43)

Zi0o = (vi00 + 0.7) + e[—1.47—1.84(1)100)—0.51(1;100)2]’ (44)

Z10 = (V210 + 0.7) + o147 1.84(v210)=0.51(v210)°] (45)

Twu (1985) adopted the following expressions for calculating kinematic viscosities of the crude
oil at the two reference temperatures of 100°F and 210°F:

(L 450

Vo0 = T (46)
s (2000 450
V210 = e (R ) T 47)
vy = @O801621+137179In(rs). (48)
vy = e4.73227—27.0975a+49.4491a2—50.4706a4 + 1.5, (49)
A o 2
fi = 1.339326Ay, —21.1141(% , (50)
b
A o 2
fzzéAy(,—21.114l(JJ/T) , (51)
b
56.7394
£ = |1.99873 - —— (52)
VT

Using nonlinear regression techniques on various forms from Twu (1985), Bergman and Sutton
(2007) updated those expressions to minimize the error in the calculated dead oil viscosity. The
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final resulting equations are given by

/"(Ul+—232f:42)(—l:§;ll )2 _ 232.442

— , 53
Voo = € T (53)
Va10 = eln(vz+'2327*:42)(11t—§/f§)2 _ 232442’ (54)
T
vy = £0-701254-+1.383591n(v2)+0.103604{In(v2)]? (55)
vy = 62.40219—9.59688a+3.45656a2—143.632a4 +0.152995, (56)
J1 =0.980633EAy, — 47 6033M 67
o m ’
£ = 60y, — 47,6033 87 (58)
o m ’
62.0863
&£ =12.68316— (59)
VT
Other parameters are given by
Ayo = Yo — V:,), (60)
Yo = 0.843593 — 0.1286240 — 3.36159° — 13749.50'2, (61)
w=1—1. (62)
T = 0.533272 4 1.91017 x 107*T}, + 7.79681 x 1078T}?
— 2.84376 x 107" T} 4 9.59468 x 1077, 1. (63)

This concludes the correlation of Twu (1985) and its update by Bergman and Sutton (2007).
Note, however, that the procedure is lengthy, complex, and requires the boiling point as an extra
parameter.

2. THE NEW CORRELATION

In this study, the dead oil viscosity correlation developed by Twu (1985) and its later update by
Bergman and Sutton (2007) were used to generate viscosities, as a function of temperature, for
API gravities in the range 15-75 at a step size of 5° APIL. Additionally, viscosities were generated
as a function of API gravity, for temperatures in the range 50-700 at a step size of 10°F. Nonlinear
regression methods were applied to all data sets of the generated viscosities. The following final



Downloaded by [H. S. Ngji] at 08:49 15 July 2013

1722  H. S. NAJI
1,000.000
--O—Al-jhafaji( 987) —a—+Beal (1946)
<+ Beggs (1975) ==+ Bergman (2007,
BE +=¥=Eghogah (1990) —@—Glaso (1980)
100.000 \ APl =15 +=+=KartoatmodjoSchmidt (1994) —)(--Pe.trosky (1990
+@—Twu (1985) ==4=+This Study
\ e
10.000 g R —
g, 8 | | °
o [
) e
= API =35
2
g = = |
2 1000 —
> API =55
e} —
o —
s APl =75
2 0100 —
—— A ! n ,
\\ *\
\* ~—
I
0.010
0.001
100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400
Temperature, °F
FIGURE 1 Plot of dead oil viscosity versus temperature for the various correlations and four sets of API

gravities: 15°, 35°, 55°, and 75° APIL. (color figure available online)

resulting equations were obtained:
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X = a, + aAPI + a,API? + a3API® + a4API*,

ap = 32.33430 —2.087709 x 1077 + 6.3561 x 10747
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FIGURE 2 Plot of dead oil viscosity for this study and Twu (1985) and Bergman and Sutton (2007) versus
temperature for the various sets of API gravities. (color figure available online)

3. RESULTS AND DISCUSSIONS

All dead oil viscosity correlations considered in this study require oil API gravity and system tem-
perature as the only input. Dindoruk and Schmidt (2004) correlation, however, requires bubblepoint
pressure and solution gas/oil ratio at the bubblepoint pressure as extra parameters. Therefore, for
brevity, this correlation was excluded from the comparisons made in this study. To cover the full
spectrum of oil API gravities and system temperatures, dead oil viscosities were generated for
API gravities in the range 15-75 and for temperature values in the range 50 to 700°F.

Figure 1 is a plot of the calculated dead oil viscosity versus temperature for the various
correlations and for four sets of API gravities 15, 35, 55, and 75. Note how the correlation of
this study matches well with Bergman and Sutton (2007) correlation, which is an update to Twu
(1985) correlation (see Figure 2). Similarly, Figure 3 is a plot of the dead oil viscosity versus
oil API gravity for the various correlations and for four sets of system temperatures, 100, 300,
500, and 700°F. The correlation of this study also matches well with Bergman and Sutton (2007)
correlation (see Figure 4).

4. CONCLUSIONS

The dead oil viscosity correlations fall into two categories: the first category requires oil API
gravity and system temperature as the only input parameters. This category, however, ignores the
paraffinicity or character of the crude oil, which may render it as the least accurate. The second
category requires the Watson characterization factor as an extra parameter. Correlations in this
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FIGURE 3 Plot of dead oil viscosity versus oil API gravity for the various correlations and four sets of
temperatures: 100, 200, 300, and 400°F. (color figure available online)
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category were ignored due to their lengthy and complex procedure. However, such correlations
show stable viscosity predictions over a wide range of prevailing temperature.

A new dead oil viscosity correlation, that considers oil paraffinicity, has been proposed. The
correlation requires oil API gravity and system temperature as the only correlating parameters. It
implicitly calculates the Watson characterization factor as a function of oil API gravity. Hence
the paraffinicity or character of the crude oil is implicitly accounted for. The new correlation is
simple and straightforward compared to other correlations of the same category. It is also rigorous
in the sense that it matches excellent with the predictions of other correlations with maximum
average error of 0.0328 and maximum average absolute error of 0.0328. In conclusion, the new
correlation eliminates the lengthy and complex procedure of both Twu (1985) and Bergman and
Sutton (2007) correlations. It offers researchers a simple and straightforward method of generating
dead oil viscosities.
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YN -X)
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standard deviation =

oil specific gravity in API units, °API

current system pressure, psia

oil bubble point pressure, psia

solution gas/oil ratio at the bubble-point pressure, SCF/STB
system temperature, °F

dead oil viscosity, cp



