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Abstract:
Gas solubility is considered as a key factor of the petroleum
engineering calculations especially in production and reservoir
engineering calculations. A numerous empirical derived correlations for
estimating gas solubility are proposed in the literature.
In this evaluation study there were three different correlations have
been selected; Standing’s correlation, Labedi’s correlation, and AlShammsi’s correlation; these three different empirical correlations are to
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estimate the gas solubility at bubble point pressure. This study is to make a
comparison between these three derived correlations and to evaluate their
applicability for some crude oils collected from some Libyan oilfields.
Forty six wells from seventeen Libyan oilfields were collected to
perform this study. The results show that Labedi’s gas solubility
correlation gave the highest regression factor R² of 0.9828 with the lowest
value of both the AARE and STDEV of 7.3% and 6.32% respectively in the
collected data range.

1.Introduction.
The reservoir fluid study involves a series of laboratory designed
works to provide values of the physical properties of the crude oil and the
produced gas. These physical properties are called PVT data; which is an
abbreviation of pressure-volume-temperature included: Fluid Gravity,
Specific Gravity, Oil Density, Gas Solubility, Bubble-Point Pressure, Oil
Formation Volume Factor, Isothermal Compressibility Coefficient of
Under Saturated Crude Oil … etc. These crude oil’s PVT data are very
important and required in the reservoir and production engineering
calculation [1-2].
Most of the fluid properties are usually determined by laboratory
experiments performed on samples of actual reservoir fluids. This study
focused on one main physical property namely the Gas Solubility (Rs).

1.1 Gas Solubility (Rs):
The solubility of a natural gas in a crude oil is a strong function of
Bubble point pressure, temperature, API gravity, and the gas gravity [2].
For a particular gas and crude oil to exist at a constant temperature, the
solubility increases with pressure until the saturation pressure is reached.
76

University Bulletin – ISSUE No.20- Vol. (1) – March- 2018.

Dr. Mustafa O. Sharrad

At the saturation pressure (bubble-point pressure), all the available gases
are dissolved in the oil and the gas solubility reaches its maximum value.
Rather than measuring the amount of gas that dissolves in a given stocktank crude oil as the pressure increases, the amount of gas that comes out of
a sample of reservoir crude oil is determined as the pressure decreases. As
the pressure is reduced from the initial reservoir pressure (Pi) to the bubblepoint pressure (Pb), no gas evolves from the oil and consequently, the gas
solubility remains constant at its maximum value of (R sb ). Below the
bubble-point pressure, the solution gas is liberated and the value of (Rs)
decreases with pressure.
In the absence of experimentally measured gas solubility on a crude
oil system, it is necessary to determine this property from empirically
derived correlations. Many empirical derived correlations are found in the
petroleum engineering literature; however, only three correlations were
targeted in this study, as follows:
1.1.1 Standing’s Correlation (1947):
Standing (1947) proposed a graphical correlation for determining the
gas solubility as a function of saturation pressure, gas specific gravity, API
gravity, and system temperature. The correlation was developed from a
total of 105 experimentally determined data points on 22 hydrocarbon
mixtures from California crude oils and natural gases. The proposed
correlation has an average error of 4.8%.
In a mathematical form, Standing (1981) expressed his proposed
graphical correlation in the following more convenient mathematical
form[2]:
P

1.2048

b
Rs = γg [(18.2
+ 1.4) 10(0.0125API−0.00091(T−460)) ]
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These correlations were computed by the author on crude oils
covering the following ranges:130 > Pb > 7000 Psia
16.5 > API > 63.8 API

20 > Rs > 1425 Scf/STB
0.59 > g > 0.95 (air=1)

100 > T > 258 F

It should be noted that Standing’s equation is valid for applications
at and below the bubble point pressure of the crude oil.
1.1.2 Labedi Correlation (1990):
This correlation was derived from the original correlation of
calculating the bubble point pressure to become applicable for the gas
solubility estimation. A lot of mathematical processes to convert this
correlation finally to estimate the gas solubility (Rs) where we can describe
this convert of the correlation below [4]:

Rs = [

(Pb g )(0.83×0.9653)

0.9653

21.38×10(0.00091 T−0.0125 API)

]

eq. 2

The correlation was computed over the following ranges:
121 >Pb >6557 Psia

13> Rs> 3366 SCF/STB

22.9>API >52.0 API

100 > T>306 F

0.579>g>1.251 (air=1)

1.1.3 Alshammasi’s correlation (1999):
Several mathematical operations have been done to convert the
original Al-shammasi Correlation used to calculate the bubble point
pressure to become applicable to estimate the gas solubility. The final
correlation form to estimate gas solubility (Rs) can be described below [4]:
Pb

1.275972419

Rs = [o5.527215 Exp(−1.841408(γgo)(Tg)]
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The data range used to develop this correlation as the following:
31.7 > Pb > 7127.0 Psia
6 > API > 63.7 API

6 > Rs > 3298.6 SCF/STB
0.51> g > 3.44 (air=1)
74 > T > 341.6 F

1.2 Objectives of This Study:
Several Correlations to estimate the gas solubility (Rs) are available
in the literature. Most of those Correlations need the knowledge of the
Bubble point pressure (Pb), the temperature (T), the oil gravity (API) and
the gas gravity (γg). This means that at a constant temperature the gas
solubility increases with pressure until the saturation pressure is reached.
In this study, we have chosen three correlations from many different
presented correlations in the literature; these correlations namely are
Standing’s Correlation (1942), Labedi’s Correlation (1990), and AlShammasi’s Correlation (1999).
The aim of this study is to establish a comparison study between
these different three empirical correlations for estimating gas solubility for
some Libyan crude oils in order to visualize the most applicable correlation
for the oilfields studied.

2. Statistical Error Analysis:
Three main statistical parameters are being considered in this study.
These parameters help to evaluate the accuracy of the predicted fluid
properties obtained from the black oil correlations [3].
2.1 Average Absolute Relative Error (AARE):
This parameter is to measure the average value of the absolute
relative deviation of the measured value from the experimental data. The
value of AARE is expressed in percentage. The equation of the AARE can
be defined as:
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1

Ea= (𝑛𝑑) ∑nd
i=1 Ei

eq. 4

Ei is the relative deviation in percent of an estimated value from an
experimental value and is defined as:
Ei = [

Xest −Xexp
Xexp

] 𝑖 × 100 ,

𝑖 =1, 2 … nd

eq. 5

Where Xest and Xexp represent the estimated and experimental values,
respectively, and indicate the relative absolute deviation in percent from the
experimental values.
A lower value of AARE implies better agreement between the
estimated and experimental values.
2.2 Standard deviation (SD):
The standard deviation of the estimated values with respect to the
experimental values can be calculated using the following equation:
SD = [

1

𝑛

𝑑
] ∑𝑖=1
𝐸2𝑖

nd −1

eq. 6

A lower value of standard deviation means a smaller degree of
scattering which means more accuracy of the correlation.
2.3 Cross Plot:
In this technique, all the estimated values are plotted against the
experimental values, and thus a cross plot is formed by a 45° straight line
on which the estimated value is equal to the experimental value (X = Y).

3. Result and Discussion:
In this study, we used three empirical correlations, Standing, Labedi
and Al-Shammasi correlations. Forty six wells from seventeen Libyan oil
fields were selected in this work to evaluate the above mentioned
correlations.
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Table 1 Abbreviations of names of all correlations in the figures and tables

Correlation
Standing’s

Abbreviation
St

Labedi’s

Lad

Al-Shammasi’s
AlShm
We divided our study into two parts, the first one discussed each well
separately, and the second part studied the wells together.
3.1 Evaluation of the Results of Each well separately by using AARE:
According to the calculated AARE for the three studied correlations
for each well, the wells are divided into three groups, 18 wells are
illustrated in Figures 1 and 2 and which showed that the Standing’s
correlation gave the lowest AARE ranging between 0.014% and 13.23%,
Those 18 wells are: M3, M10, M11, M13, M14, M15, M18, M19, M20,
M21, M22, M24, M25, M26, M32, M35, M41, and M46.
30
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Alshm
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AARE %

20
15
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M3 M10 M11 M13 M14 M15 M18 M19 M20

Figure 1 AARE for M3, M10, M11, M13, M14, M15, M18, M19, and M20
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Figure 2 AARE for M21, M22, M24, M25, M26, M32, M35, M41, and M46

While the other 18 wells revealed in Figures 3, and 4 showed that the
Labedi’s correlation has the lowest AARE ranging from 0.03% to 9.76%.
This group of wells consists of M4, M5, M6, M7, M16, M23, M27, M28,
M30, M31, M34, M36, M38, M39, M42, M43, M44, and M45.
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Figure 3 AARE for M4, M5, M6, M7, M16, M23, M27, M28, and M30
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Figure 4 AARE for M31, M34, M36, M38, M39, M42, M43, M44, and M45

AARE %

The remaining 10 wells shown in Figures 5, and 6 illustrated that AlShammsi’s correlation has the lowest absolute average relative error
ranging from 0.058 % to 14.0%. Those wells are M1, M2, M8, M9, M12,
M17, M29, M33, M37, and M40.
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Figure 5 AARE for M1, M2, M8, M9, and M12
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Figure 6 AARE for M17, M29, M33, M37, and M40

3.2 The comprehensive study of all wells together:
A comprehensive study was performed to compare all three targeted
empirical correlations. The plot of the calculated Rs against the lab
measured Rs with the 45° cross line shown in figures 7, 8, and 9 illustrated
the cross-plot of gas solubility (Rs) for Standing, Labedi and Al-Shammasi
correlations respectively.
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Figure 7 Cross-plot of gas solubility for Standing’s correlation
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Figure 8 Cross-plot of gas solubility for Labedi’s correlation
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Figure 9 Cross-plot of gas solubility for Al-Shammasi’s correlation

The scheme of the calculated point of gas solubility (Rs) vs. the lab
measured points of gas solubility (Rs) using all three correlations presented
in the last three Figures have Showed that most of the calculated points of
all three targeted empirical correlations fall very close to the 45 o line. The
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statistical error analyses of R2, AARE, SD and cross plot are used as
evaluation tools in this study.
The results of the statistical error analysis which are presented in
Table 2 have showed that Labedi’s correlation was the closest one to the
45° line and have the highest R2 of 98.28% with the lowest AARE and SD
of 7.3% and 6.32 respectively.
Table 2 Statistical Error Analysis for Gas solubility for all wells studied together

Correlation

Correlation
Coefficient
(R2)

Absolute Relative Error
(AARE %)

Standard
deviation
(SD)

Standing

0.9796

8.9

8.92

Labedi

0.9828

7.3

6.32

Al-Shammsi

0.9593

10.6

9.45

Therefore, the Labedi’s correlation is the most applicable correlation
for estimating the gas solubility for the selected Libyan oilfields in this
study.

Conclusion:
A total of forty six data point of measured laboratory gas solubility at
bubble point pressure from forty six well from seventeen Libyan located
oilfields were used in this study with three different correlations to estimate
the gas solubility. The comparison study was performed between
Standing’s correlation, Labedi’s correlation and Al-Shammsi’s correlation
for gas solubility. The Statistical analysis results of gas solubility showed
that Labedi’s correlation gave the highest regression factor R² of 0.9828
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with the lowest value of both the AARE and standard division of 7.3% and
6.32% respectively.
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