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A simple equation has been developed for estimating the solubility parameters of live reservoir fluids at
elevated pressure and reservoir temperature. The solubility parameters of live reservoir fluids have been
simply related to their measured densities by a linear function. The equation has been validated using 45
reservoir fluids covering heavy oil, black ail, volatile oil, and gas condensate with a total of 760 data points.
The gasto il ratio (GOR) range is from (25 to 9369) m®-m~3, and the American Petroleum Institute (API)
gravity varies from (16.6 to 50.2). The pressure ranges from (0.1 to 150.7) MPa, and the reservoir temperature
isover arange of (323.9 to 422.0) K. The average absolute deviation of solubility parametersis 0.19 MPa’°
between the new equation and the method proposed by Wang et a. Furthermore, the new equation and the
Peng—Robinson equation of state (PR EoS) have been used to calculate solubility parameters, and the results
have been compared with the experimental data at pressures up to 30 MPa and 303.15 K for four pure
hydrocarbons as well as dead and live oils. The predictions by the new equation and the PR EoS with an
average deviation of < 0.5 MPa’° are within the experimental uncertainty of < 0.8 MPa’®. The results
show that the developed equation in this work can be successfully used to approximate the solubility

parameters of live reservoir fluids in terms of their measured densities with good accuracy.

Introduction

Asphaltene instability can cause serious asphaltene precipita-
tion or deposition problems in oil production. Asphaltenes are
defined as a solubility class, which is the heaviest fraction of
oil, insoluble in alkanes such as heptane but soluble in toluene.
Asphaltenes are usually dissolved as nanoaggregates in crude
oil at reservoir conditions.* Sometimes asphaltenes are stably
suspended as clusters of nanoaggregates if the asphaltene content
in crude oil is high or if the reservoir conditions are at the edge
of the asphaltene unstable region.* Asphaltenes (or colored
asphaltene-like resins) are aso dispersed molecularly in con-
densate where asphaltene contents are very low.r 2 Above the
saturation pressure, areduction in pressure during oil production
causes the density and solubility parameter and, thus, the
solvation power of the reservoir fluid for asphaltenes to drop.
In contrast, below the saturation pressure, a pressure reduction
increases the solvation power due to the liberation of gaseous
components. Asphaltene onset boundaries are usually obtained
by combining experimental data and thermodynamic models.
That is, asphaltene onset envelopes are estimated by a thermo-
dynamic model which has been adjusted to match one or more
asphaltene onset point(s).

In the past decades, the Flory—Huggins type of solubility
model has been widely used to model asphaltene precipitation in
crude oils*® for example, with the addition of solvents and to
screen for potential asphaltene problems during oil production.”®
A reservoir fluid can be taken into account as a pseudobinary
system consisting of the asphaltene and maltene. The chemical
potentials of the asphaltene and maltene can be expressed as®
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where R, T, 6, v, and ¢ are the universal gas constant, the
temperature, the solubility parameter, the molar volume, and
the volume fraction, respectively. Subscripts a and m denote
the asphaltene and the maltene. Equations 1 and 2 can be
employed not only for stock tank oil (STO) but aso live
reservoir fluids. Because various amounts of light hydrocarbons
and nonhydrocarbon gases are dissolved in the hydrocarbon
mixtures at high pressure, the solubility parameters of live fluids
are dependent on not only temperature and pressure but also
the gasto ail ratio (GOR) and compositions. The dissolved gases
decrease the solubility parameters of live fluids. This is the
reason why gas injection processes may cause asphaltene
instability problems.

On the other hand, reservoir connectivity remains the biggest
risk factor in deep water development. Reservoir fluid (especially
asphaltene) gradients can be used to address reservoir con-
nectivity. In general, different hydrocarbon fluids charge into
reservoirs at the ultimate nonequilibrium state. Equilibration then
requires amassive fluid flow in the reservoir. Diffusive mixing,
which is extremely slow, islikely required in most equilibration
processes. A sealing barrier or low transmissivity fault would
preclude equilibration. That is, equilibrium asphaltene gradients
strongly imply reservoir connectivity. Up to now, there have
been no accurate predictive thermodynamic models available
in the open literature for modeling asphaltene gradients in oil
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reservoirs, athough some successful work has been done on
modeling asphaltene phase behavior.* %12 |t s required to
include a gravity term when modeling reservoir fluids travel
downhole because large vertical offsets are routinely encoun-
tered. For gravity, size counts. Without knowing the molecular
or colloidal size of asphaltenes, modeling asphaltenes in
reservoirsis precluded and is reduced to fitting with pseudocom-
ponents. In particular, cubic equations of state (EoS's) are all
variants of the van der Waals EoS. Also, the van der Waals
EoS is derived from the idea gas law. The cubic EoS's are
developed for gas—liquid equilibria and were never intended
to handle solids, et alone complex solids such as asphaltenes.
In spite of this, the cubic EoS's have been used in commercial
software to handle asphaltene phase behavior and gradients. The
issue is that a lot of adjustable parameters such as molecular
weight, size, and interaction parameters were utilized in the EoS
and they cannot be used to discern reservoir connectivity using
equilibrium asphaltene gradients. Therefore, a thermodynamic
model?>® was developed for the modeling of equilibrium
asphaltene distributions in oil columns by combining the
Flory—Huggins type of solubility model*~® with the gravita-
tional contribution. A detailed discussion of the theoretical
treatment of asphaltenes in reservoirs can be found elsewhere®*
and is beyond the scope of this paper. Here, the key results are
simply listed in a heuristic manner. In a general sense, there
are three terms that control the distribution of (suspended)
asphaltenes in crude oils: gravity, solubility, and entropy. All
three terms depend on the asphaltene particle size which is from
recent advances in asphaltene science.* The entropy term acts
to disperse the asphaltenes throughout the oil column. Its
magnitude is not that large. Naturally, the entropy term is larger
for more numerous but smaller asphaltene particles at a given
asphaltene mass fraction. The gravity term requires knowledge
of the molecular and/or colloidal size of asphaltenes in the
reservoir crude oil as well as the density contrast. The solubility
term for asphaltenes is heavily dependent on the GOR where
variations of the solubility parameters of live reservoir fluids
with depth play a very important role.

Therefore, the solubility parameters of live reservoir fluids
are crucial for the analysis of asphatene gradients in oil
reservoirs during formation evaluation. Moreover, this new
approach aids in understanding processes involving reservoir
fluids in geologic time that give rise to tar mats and bitumen
impregnated core. In egs 1 and 2, the most important parameters
are the solubility parameters of the maltene and asphaltene,
which are usually determined by matching asphaltene onset (and/
or other) experimental data simultaneously. Doing this might
result in unrealistic solubility parameter values in mathematic
regression. In contrast, the pressure—volume—temperature (PVT)
reports give us agreat deal of information on the phase behavior
of reservoir fluids at different pressures and formation temper-
atures. This information can be employed to compute the
solubility parameters of reservoir fluids. Once a method is
generalized to estimate the solubility parameters of live fluids,
the solubility parameters and/or molar volume (size) of asphalt-
enes can be adjusted to match the experimental data. As aresullt,
the solubility parameters of live fluids are at |east reasonable.
Similar treatments are also utilized for the analysis of asphaltene
gradients in oil reservoirs. In other words, a single formalism
is used to treat both asphaltene gradients and phase behavior in
the reservoir. Once variations of oil solubility parameters, GOR
(compositions) with depth, and asphaltene solubility parameters
are obtained, the particle size of asphaltenes can be determined
by corresponding thermodynamic modeling of downhole fluid
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analysis (DFA) measurements of asphaltene (color) gradients
in oil columns. Consistency is checked with these observations
and analysis as well as with known asphaltene science for
asphaltene molecules, nanoaggregates, or clusters of nanoaggre-
gates." 3 If discrepancies are found, then reservoir fluid dynam-
ics are likely and can be determined. This information can be
used to delineate reservoir connectivity or compartmentalization,
which is the greatest risk factor in deepwater—oil production.
Therefore, the solubility parameters of live reservoir fluids are
vital in the Flory—Huggins type of solubility model.

The solubility parameters of STO have been related to the
STO refractive indices and/or densities measured at ambient
conditions.®~** Estimating the solubility parameters of live fluids
at downhole reservoir conditions requires fluid PVT properties
which are usually measured in laboratories and calculated by
EoS's after matching the experimental PVT data.*® However,
fluid PVT properties may not be available, or they may be only
partially available, such as knowing GOR and densities of live
fluids at high pressure in DFA measurements. Therefore, a
simple method is highly demanded for the estimation of the
solubility parameters of live fluids under formation conditions.
In this paper, a simple equation has been proposed to compute
the solubility parameters of live reservoir fluids. The developed
equation associates the solubility parameters of live fluids only
with their densities measured in PVT laboratories or by DFA
tools.

Existing Models for Solubility Parameters of Dead and
Live Oils

The molar refraction (Ry,) of a pure substance can be given
by the Lorentz—Lorenz equation

M n’ -1
R,=Fg— and Fp=-———
Rlp oR+2

where Fr;, M, n, and p are the function of the refractive index,
the molar mass, the refractive index, and the mass density,
respectively. Vargas et al.*>23 obtained the one-third rule for
229 dead crude oils al over the world in the API range of (9.9
to 41.3) ° APl (APl = 141.5/SG — 131.5, where SG is the
specific gravity), which implies the function of the refractive
index divided by the mass density is a constant which is equal
to 13,
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Because the molar refraction is nearly independent of temper-
ature and pressure, the one-third rule can be applied over awide
range of temperature and pressure. Wang and Buckley proposed
a linear relation between the solubility parameter and the
function of the refractive index for dead crude oils at 20 °C®

dgro/MP’® = 52.042F 5, + 2.904 (5)

Applying the one-third rule to eq 5, the STO solubility
parameters can be expressed as a linear function of the STO
mass density at T = 15.6 °C and p = 101.325 kPa

Osro/MP’® = 17.347p50/g  cm ™ + 2.904  (6)

Correra et al. developed similar correlations for the STO
solubility parameters in terms of the STO mass density based
on about 170 dead crude oils from severa Italian and African
fields'®
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dsro/MPa™® = 13.181p¢o/g + cm > + 6.3583  (7)

It can be seen that the coefficients in eq 6 are different from
those in eq 7. The difference might be caused by the different
oil databases used for developing both correlations. It is noted
that eq 7 was developed only using Italian and African oils. To
compare both correlations, STO solubility parameters at different
densities were calculated. The differences of STO solubility
parameters between the calculations by egs 6 and 7 (Adsro/
MPa’%) are —0.538, —0.122, 0.295, and 0.712 at psro/g-cm 3
= (0.7, 0.8, 0.9, and 1.0) corresponding to API gravity of (71,
45, 26, and 10) °API, respectively. The differences are reason-
able in a density range of interest.

Live oil can be treated as a mixture of STO and flashed gas.
Buckley et al. proposed an eguation to estimate the function of
the refractive index for live oils using the volume average
mixing rule based on one unit volume of STO*

£

1 _
(FrLiveoil = go(FRl)STo + 1.34-10 5l
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)

where C, B,, and R are the molar concentration (in mol -cm™3),
the formation volume factor (FVF in m®-m~3), and the GOR
(in m3-m~3), respectively, which can be obtained from fluid
PVT reports. The factor 1.34-107% in the second term on the
right side of eq 8 converts Rs from m®-m~3to mol-cm~3. The
ratio of Fr/C isthe molar refraction of the flashed gas mixture.

Substituting eq 5 into eq 8 and rearranging it, the expression
is given by®

o

OLiveoi/MPa>® = BlésTo/M Pa’® + 2.904(1 — Bi) +
0

0

6.964 - 10*5;“ Y xRy (9)

where Ry and x; are the molar refraction and the mole fraction
of light component i in the solution gas, respectively. To obtain
eq 9, it is assumed that eq 5 is valid even for live ails.

If no refractive index measurements are available, eq 6 can
be utilized to calculate the solubility parameters of dead crude
oils, which is used in this work. The molar refraction of the
light ends can be approximately computed by®

Rvign: = 2, %R = —15-9(XLC3) +230 (10)
Xc1-cs

where Xc1—ca/Xc1-cs iS the mole ratio of group C,;—Cs in group
C,—Cs. At a high GOR (e.g., > 356 m®*-m~3), eq 10 may not
be accurate enough. As a result, the molar average is used to
estimate the molar refraction of the solution gas. The molar
refractions of light components at ambient conditions are given
in Table 1. Once the PVT data and mole fractions of the solution

Table 1. Molar Refraction of Light Components at T/K = 298.15
and p/kPa = 101.325

component Ry/cmé-mol 1 ref

N, 4.43 NPL1®

CO, 6.66 Besserer and Robinson'*
H,S 10.73 NPL1®

C 6.575 Achtermann and Hong®
C, 11.26 Hadrich'®

Cs 15.97 Hadrich®

C, 20.6 Hadrich®

Cs 25.35 Hadrich®

Cs 29.85 Hadrich'®

gas components are available, the molar refraction of the
solution gas mixture can be calculated.

Wang et &l. tested and verified eg 9 for 27 live oil samples
in their practical screening method (ASphaltene InStability
Trend, ASIST) for potential asphaltene destabilized problems
in oil reservoirs,® which dramatically improved the accuracy
of asphaltene instability predictions. Kraiwattanawong et al.
proposed similar equations for the solubility parameters of live
fluids using fluid PVT properties and the EoS.*”

A New Equation for Solubility Parameters of Live
Fluids

The Lorentz—Lorenz equation (eq 3) can be rearranged as

_ R
=P
As mentioned by Wang,® the molar refraction (Ry) is nearly
independent of temperature and pressure. Now, if it is assumed
that the molar refraction (R,,)) isindependent of temperature and
pressure, then the function of the refractive index (Fr) isalinear
function of density for a specified fluid provided that its
composition is fixed. Moreover, if every crude oil is treated as
a pseudocomponent in a single phase (for instance, above the
saturation pressure), the ratio (Rw/M) is supposed to be a
constant, which is the one-third rule validated by Vargas et
al.™>? for a great number of dead oils. The one-third rule is
also supposed to be valid for live fluids because the ratio (Ry/
M) is assumed to be independent of temperature and pressure
and equal to 1/3. Therefore, eq 6 can be extended to live fluids
at any conditions aswell if the assumption mentioned previously
is valid. Consequently, the new equation for solubility param-
etersis just to extend eq 6 simply to live oils

Fri (11)

OIMPa® = 17.347p/g + cm > + 2.904 (12)

Equation 12 is now used for estimating solubility parameters
of both STO and live oils in terms of corresponding density.
The new equation must be verified for live oil at high pressure.

Validation of the New Equation for Solubility
Parameters of Live Fluids

To validate the new equation for the solubility parameters of
live reservoir fluids at high pressure, the PVT data for 45
different fluids were used from heavy oil, black oil, near critical
volatile oil to gas condensate. The GOR range is from (25 to
9369) m-m~3. STO density changes from (0.779 to 0.955)
g-cm~2 (APl gravity varies from (16.6 to 50.2) °API). The
pressures are varied from (0.1 to 150.7) MPa ((14.7 to 15 326)
psi), and the reservoir temperatures cover a range of (323.9 to
422.0) K ((123.4 to 300.0) °F). The typical complete PVT tests
were conducted for these 45 fluids. The PVT experiments consist
of the single stage flash, constant composition expansion (CCE),
differentia liberation (DL), and separator testing. On the basis
of the PVT data, the solubility parameters of the 45 live fluids
above and bel ow saturation pressure at reservoir conditions were
calculated by use of eq 9. On the other hand, the solubility
parameters were estimated by means of eq 12 in terms of the
measured densities.

The solubility parameters calculated by eqs 9 and 12 versus
densities are illustrated in Figure 1 for these 45 fluids. It can be
seen that the solubility parameters increase linearly with an
increase in live fluid densities. It is known that an increase in
GOR causes a reduction in densities as well as solubility
parameters. The correlated linear function (dotted line) based
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Figure 1. Solubility parameters versus density for 45 live fluids: O,
calculated by eq 9; —, calculated by new equation of eq 12; --- -, alinear

correlation obtained from the values calculated by eq 9 (0 = 17.717p +
2.6273; R? = 0.9821). A linear relationship was found between the solubility
parameter and the density.
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Figure 2. Deviations of solubility parameters (6o — dg) versus density for
45 live fluids: O, solubility parameter differences (0o — dg) between the
calculations by egs 9 and 12. The bias is —0.01 MPa5. The deviations are
within £ 0.7 MPa5, which is close to a typical experimental uncertainty
of < 0.8 MPa® using the internal pressure approach.

on the values calculated by eq 9 is very close to that computed
by eq 12 (solid line). The correlation coefficient is about 0.98.

Figure 2 shows the deviations of solubility parameters
between the calculations by egs 9 and 12 as afunction of density
for live reservoir fluids. The deviations are within £ 0.7 MPa2®.
As mentioned by Verdier et al.*® a typical experimental
uncertainty for solubility parameter measurements using the
internal pressure approach is < 0.8 MPalS,

The results are also summarized in Table 2. The GOR (R),
API gravity, maximum pressure (pmax), Number of data points
(Np), average absolute deviation (AAD), and average absolute
relative deviation (AARD) are listed in different columns of
Table 2.

The AAD is 0.19 MPa®S (the bias of the deviationsis —0.01
MPaP9), and the AARD is 1.31 % (the biasis —0.09 %) for 45
reservoir fluids with atotal of 760 data points. From the analyses
mentioned previously, it can be seen that the predictions of
solubility parameters by eq 12 are in good agreement with those
by eq 9 for live reservaoir fluids. Consequently, the solubility
parameters of live fluids can be estimated by means of the
measured live fluid densities. This new equation simplifies the
estimation of the solubility parameters of live fluids with no
requirements for measuring GOR, formation volume factors,
compositions of light ends, and so forth. This simplification
makes an analysis of DFA asphaltene gradients and fluid
profiling in oil columns in real time possible. This is because
there are no complete PVT data available for DFA measurements
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Table 2. Summary of the Results for 45 Reservoir Fluids from
Heavy Oil to Gas Condensate®

Rs Prmax AAD
oil # m3-m~3 API MPa Np MPP® AARD
1 251 16.6 55.3 17 0.24 1.28
2 30.1 26.4 41.4 13 0.09 0.50
3 31.3 25.7 41.4 17 0.12 0.69
4 34.7 30.3 55.2 16 0.18 1.06
5 51.8 30.6 105.7 24 0.14 0.85
6 575 344 58.6 19 0.06 0.36
7 58.1 33.8 20.7 11 0.14 0.84
8 60.7 355 82.8 17 0.46 297
9 69.8 22.1 27.6 15 0.45 2.74
10 76.4 249 55.2 16 0.07 0.39
11 111.0 32.9 345 16 0.09 0.54
12 127.0 42.3 345 12 0.16 1.05
13 130.4 22.8 931 21 0.10 0.57
14 142.3 28.8 41.4 12 0.18 114
15 144.8 27.3 68.9 21 0.14 0.88
16 149.6 355 553 21 0.08 0.54
17 153.2 35 100.1 26 0.17 1.08
18 166.3 229 103.5 17 0.18 1.09
19 167.8 26.3 69.1 18 0.27 171
20 172.9 378 100.1 19 0.41 2.69
21 176.0 32 96.5 18 0.25 1.59
22 178.8 29.8 93.1 17 0.10 0.63
23 184.7 25.2 96.5 20 0.15 0.97
24 203.2 352 58.6 23 0.25 1.70
25 204.8 34.7 931 19 0.15 1.01
26 2134 30 100.0 16 0.14 0.90
27 2134 30.1 86.0 14 0.08 0.49
28 222.3 394 55.2 17 0.20 1.39
29 222.6 331 100.0 15 0.22 143
30 230.6 30.3 101.1 17 0.21 141
31 238.5 27.9 100.1 16 0.20 1.27
32 253.3 29.7 100.0 16 0.05 0.34
33 261.5 333 102.8 19 0.22 151
34 281.9 28.8 100.0 19 0.06 0.43
35 298.5 33.9 100.0 18 0.24 1.74
36 351.0 39.2 65.6 24 0.22 157
37 404.6 36.4 82.7 22 0.19 1.35
38 405.4 50.2 51.7 14 0.48 3.90
39 441.9 354 83.1 20 0.30 2.37
40 513.3 35 100.0 10 0.33 248
41 712.4 40.5 483 12 0.12 0.94
42 746.6 42 89.7 22 0.12 0.98
43 890.3 41.1 100.1 9 0.41 371
14 3319.8 43.2 68.9 6 0.16 1.62
45 9375.3 46.8 69.1 9 0.23 2.89
sum 760 0.19 131

AAAD = (UNp) Siloa — g and AARD = (UNp) Si[(0ai — Ogi)/
i+ 100.

in rea time and especialy no formation volume factors at
downhole conditions. In this case, eq 9 is not applicable. In
contrast, eq 12 can be applied because DFA measures live fluid
density downhole in real time.

Figure 3 shows typical solubility parameters as a function of
pressure at reservoir temperatures for four live oils from heavy
oil to near critical volatile oil. Since the near critical volatile
oil with a GOR of 746.6 m3-m™2 (4192 scf - STB %) consists of
relatively high acid gases of H,S and CO,, a somewhat higher
difference was found between eg 9 and the new equation of eq
12. However, the results are still in accord. The solubility
parameters of live fluids decrease with a pressure decrease from
the reservoir to the bubble points (in a single phase region).
Thisis because fluid expanding leads to decreasing interactions
among molecules (particles). Below the bubble point, the
dissolved gas escapes from the oil and causes an increase in
the solubility parameters of live fluids with a pressure reduction
because gas has low solubility parameters. The densities of live
fluids have the same behavior as solubility parameters. Below
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Figure 3. Typical solubility parameters of live fluids as a function of
pressure at reservoir temperatures: —, calculated by new equation of eq
12; O, calculated by eq 9 for R/m3-m~3 = 25; ¢, caculated by eq 9 for
R/m3-m~3 = 253; O, calculated by eq 9 for R/m®-m~3 = 405; A, calculated
by eq 9 for Rym3-m~3 = 747. Higher GOR fluids have larger variations of
solubility parameters with pressure.
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Figure 4. Comparison of solubility parameters of pure hexane, heptane,
decane, and toluene at high pressures up to 30 MPa and 303.15 K: —,
calculated by the new equation of eq 12; x, calculated by the PR EoS; ---,
alinear regression from the values calculated by the PR EoS (6 = 15.599p
+ 4.4475; R? = 0.9858); ¢, experimental data™® for hexane; O, experimental
data'® for heptane; A, experimental datat® for decane; O, experimental data™®
for toluene. Both the new correlation and the PR EoS are in good agreement
with the experimental data.

the saturation pressure, the larger the GOR varies, the higher
the increase of the solubility parameters and densities with
pressures is. In contrast, if pressure is above the saturation
pressure, the higher GOR and the greater compressibility the
fluids have, the larger the reduction of the solubility parameters
and densities with pressures is.

To validate the new equation further, the experimental data
of solubility parameters at pressures up to 30 MPa and 303.15
K for some pure hydrocarbons and dead and live oils measured
by Verdier et a.*® were used for comparison. At the same time,
the Peng—Robinson equation of state (PR EoS)'°%° with the
Peneloux volume tranglation® was also utilized for comparison.
The characterization procedure of Zuo and Zhang® was
employed to characterize the single carbon number and plus
fractions of dead and live oils in the EoS calculations. Four
pseudocomponents were employed to represent C,. fractions.

Figure 4 compares the results calcul ated by the new equation
of eq 12 and the PR EoS with the experimental data at pressures
up to 30 MPa and 303.15 K for pure hexane, heptane, decane,
and toluene.*® The AADs of the solubility parameters calcul ated
by the new equation and the PR EoS for the four pure
hydrocarbons are 0.22 and 0.15 MPa®, respectively. The

19
18 |
_.._-......_._..___..--:_m__
0 o o i
%17£ﬂDDDDDDD
% o o o 0.Q O O
® 16 | e e e — =
15 |
14 1 ! 1 .
0 50 100 150 200 250 300

p/MPa

Figure 5. Comparison of solubility parameters of dead oil 1 and live ail 1
at high pressures up to 30 MPa and T/K = 303.15: —, calculated by the
new equation of eq 12; ---, calculated by the PR EoS; O, experimental
data'® for dead oil 1; 01, experimental data'® for live oil 1. The new equation
is better than the PR EoS because the latter is dependent on fluid
characterization procedures, while the former depends only on fluid densities.

predictions by both methods are comparable and within the
experimental uncertainty (< 0.8 MPa%). The PR EoSis dightly
better at lower pressure, while the new equation is somewhat
better at higher pressure. The results indicate that the new
equation can be used to estimate solubility parameters of pure
hydrocarbons at high pressure with good accuracy.

Figure 5 compares the results calculated by the new equation
of eq 12 and the PR EoS with the experimental data at pressures
up to 30 MPaand 303.15 K for dead oil 1 and live oil 1. The
AADs of the solubility parameters calculated by the new
equation and the PR EoS for the dead and live oils are 0.17
and 0.45 MPa’®, respectively. Again, the predictions by both
methods are within the experimental uncertainty (< 0.8 MPal5).
The new equation is better than the PR EoS for oils. This might
be because the PR EoS method is, to a certain extent, sensitive
to characterization of asingle carbon number and plus fractions
of reservoir fluids. As mentioned by Verdier et d., the PR E0S
gave an average deviation of 4.9 MPa’% in calculating oil
solubility parametersin terms of the characterization procedure
given in their paper.’® The results show that the new correlation
can be utilized to calculate solubility parameters for live
reservoir fluids with good accuracy.

Conclusions

The solubility parameters of live reservoir fluids have been
found to be alinear function of their densities measured at high
pressures and formation temperatures. The new equation has
been validated using 45 reservoir fluids from heavy ail, black
oil, and volatile oil to gas condensate with a total of 760 data
points. Good agreement has been achieved between the calcula-
tions with the new equation and the correlation proposed by
Wang et a. based on fluid PVT properties. In addition, the new
equation and the PR EoS with the Peneloux volume translation
have been used to calculate solubility parameters, and the results
have been compared with the experimental data at pressures
up to 30 MPaand 303.15 K for four pure hydrocarbons, a dead
oil and alive ail. The predictions by the new equation and the
PR EoS are within the experimental uncertainty and comparable.
However, the new equation is better than the PR EoS for
reservoir fluids because the latter is dependent on fluid
characterization procedures, while the former depends only on
fluid densities. The results indicate that the new equation can



be used to estimate solubility parameters for reservoir fluids at
low and high pressures with good accuracy.

Note Added after ASAP Publication: This paper was published
on the Web on May 4, 2010. Changes were made to the text, and
reference 23 was added. The revised paper was reposted on June
15, 2010.
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