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1. Steam Assisted Gravity Drainage
2. Vapor Extraction
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1. Advanced Peng-Robinson EoS (APR-EoS)
2. Tuning
3. Athabasca Bitumen Vacuum Bottoms
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Introduction

Heavy oil reservoirs are unconventional resources. In
these reservoirs, it is difficult to produce the oil due to
its high viscosity [1-4]. In recent years, the production
of conventional oil reservoirs has declined; therefore,
the production of heavy oil reservoirs has increased
[1-3,5]. This production is done by methods such as
VAPEX (Vapor Extraction). In this method, vapor of
a solvent (usually n-alkane) is injected to reservoir
and dilutes the oil. Furthermore, selection of proper
solvent is important in solvent base methods. It is
obvious that a unique solvent cannot be used for all
types of heavy oil, and phase behavior of system will
change fundamentally after solvent addition. On the
other hand, it is not possible to apply the experimental
method for different types of oil in the presence of
different solvents. Therefore, it is necessary to propose
a model for explaining this behavior. Phase behavior is
studied by oil characterization. Characterization is the
division of oil into a number of pseudo components
and the attribution of suitable critical properties to
each of them. It is impossible to study the oil exactly
due to diversity of its components. But, in a simpler
approach, one can consider the oil as a pseudo
component. The mixture of heavy oil/bitumen and
solvent will be a binary mixture in this approach as
studied by Li and Yang [6,7]. Can considering oil as a
pseudo-component and modeling the phase behavior
of its mixture with solvent as a binary mixture be used
as a practical approach? The objective of this study
is to answer this question. Because of this, advanced
Peng-Robinson cubic equation of state (APR-EoS)

Accepted: May/16/2020

is used by us. To use the EoS, the critical properties
of each fluid component must be known. These
properties are available and specified for solvent as
a pure component. Empirical correlations are used to
determine the oil critical properties. Tuning the EoS is
done by optimizing the binary interaction coefficient
(k;))- The purpose is to find the most suitable value for
this coefficient so that the proposed model has the least
difference with the experimental data. Two empirical
correlations have been proposed to estimate this value.

Experimental Procedure

Experimental Data

Vapor pressure experimental data were collected from
about 40 references. More than 1000 data points from
different hydrocarbon (C -nC, ) solvents and non-hy-
drocarbon (N,, CO, CO,) solvents were evaluated in
sub-critical (<solvent critical temp.) and super-critical
(>solvent critical temp.) temperature region. The key
properties for various types of heavy oil/bitumen, in-
cluding molecular weight and specific gravity, were
collected and used to estimate their critical properties.
In these data, various types of bitumen and heavy oil
can be found.

Modeling

Phase diagram of binary mixture

Phase behavior of binary mixtures was studied by van
Konynenburg and Scott [8] in 1980. They divided such
mixtures into six different types according to critical
points of each component, presence or absence of
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three-phase lines, and critical lines locations. Heavy
oil/bitumen+ diluent binary mixture can be catego-
rized as Type III according to this nomenclature. In
Figure 1, a schematic pressure-temperature diagram of
Type III binary mixtures is shown.

Pressure

Component 1
-

- ~
Component 2

T, T. T,

" Temperature

Pure compound vapor pressure curve
== =-LLV equilibrium curve = Purc component critical points
---=- LL & LV critical loci L1=V+L2 critcal point

Fig. 1 Pressure-temperature projection for Type III binary
mixtures according to the van Konynenburg and Scott
naming scheme.

At different temperatures, the pressure-composition
(fraction of lighter component or component 1 in mix-
ture) diagram of binary mixtures has different shapes.
A P-X diagram at T is illustrated in Figure 2.

Pressure

v

0 1

component 1

Fig. 2 Schematic P-X diagrams for Type III binary mixtures
at fixed temperature T .

In a heavy oil/bitumen and solvent mixture,
vapor-liquid-liquid three phase region may occur.
But according to the Gibbs phase rule, with two
components and three phases in fixed temperature, the
degree of freedom is equal to one, and the pressure
change detection in three-phase region is not possible
for the model. Therefore, LLV equilibrium is shown
with a horizontal line.

Equation of state

Different methods exist to predict the phase behavior
of heavy oil/bitumen+solvent mixtures, but each of
them has some limitations [9]. Cubic equations are one
of the suitable options for modeling due to simplicity.
Peng-Robinson EoS [10] is an industrial equation, and
it is called the Advanced Peng-Robinson EoS (APR-
EoS) by applying Mathias volume shift [11].

Empirical Correlations

The first step to use of EoS is determination of
critical properties of components present in a fluid.
Therefore, in binary mixture of heavy oil/bitumen
and solvent, critical properties for each of them
should be determined. These properties are available
and specified for solvent as pure component. In this
study, Twu [12] correlations to determine oil critical
properties are used.

Optimization

The EoS must be tuned for matching with experimental
data. Tuning means optimizing the parameters with
the highest uncertainty, so that the results of EoS have
the least difference with the experimental data. kij
is used as the optimization parameter. Least squares
error function is used as objective function and
the fminsearch optimization method in MATLAB
software is selected.

Results and Discussion

In Figure 3, sample of modeling using optimized
kij for Peace River bitumen+propane mixture at sub
critical condition is shown.

> Exp
Maodel

Pressure(Mpa)

0.4 0.6 08 1.0

of;

Solvent mass fration

Fig. 3 Sample of modeling using optimized kij

After optimizing, two empirical correlations (Equa-
tions 1 and 2) according to dimensionless ratio Tco/
Tcs were achived:

kij=-0.0567T£+0.1773 M

CS
@)
k,=-0.0332 Teo 10,0700

CcS

Where Tco and Tcs are oil and solvent critical tempera-
tures respectively, and kij is binary interaction coeffi-
cient between heavy oil and solvent.

Conclusions

According to this study, the following results have
been concluded:

1- Considering a mixture of heavy oil/bitumen and sol-
vent as a binary mixture can be used as an approach to
simplify modeling and phase equilibrium calculations.
2- APR-EoS is tunable for modeling the binary mix-



ture of heavy oil/bitumen and solvent.

3- According to Tco/Tcs ratio, the optimized value of
kij is recommend, and two empirical correlations are
suggested.

4- kij is closer to zero for hydrocarbon solvents and
shows an increasing trend with an increase in carbon
numbers.

5- It is not possible to investigate the distribution of
pseudo component properties with binary assumption.
6- According to Gibbs phase rule, pressure change
detection in three phase region is not possible for the
model.

7- Finally, the use of suggested k; is valid only within
the range of the studied experimental data.
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