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ABSTRACT
Oil compressibility represents a significant
character in reservoir simulation, design of

surface facilities and the analysis of well tests,
specifically for systems below the bubble point
pressure.

Oil compressibility is not directly measured in the
laboratory. It is usually gained indirectly from
experimental data recorded in PVT reports. The
relative volume from the flash test is used to
calculate oil compressibility at pressures above
the bubble point pressure. At pressures below the
bubble point, the reservoir behavior is simulated
by the differential liberation test. The solution
gas-oil ratio and the oil formation volume factor
from the differential liberation test are employed
in the estimation of oil compressibility at
pressures below the bubble point pressure This
paper purposes new correlation for calculating
isothermal oil compressibility coefficient at and
below bubble point pressure. The formulation of
oil compressibility correlation is very difficult as it
depends on many variables. This property is a
function of many variables such as bubble point
pressure, reservoir pressure, reservoir
temperature, solution gas-oil ratio, oil formation
volume factor, stock-tank oil gravity, specific
gravity of gas and gas formation volume factor.
Standing’s (1), McCain et al. (2) and Al-Jarri's (3)
correlations were submitted for testing their
validity to evaluate their performance with Iraqi
crude oils and to compare their results with the
results of the new correlation.

The achievement of the new correlations has
been done using two hundreds and nine data
points from twenty PVT tests that were collected
from Southern Iraqi fields. The evaluation of the
previous correlations has achieved with graphical
and statistical methods. These checking methods
show a poor agreement between the observed
and the calculated values.

The checking methods (graphical and statistical)
explain that the new correlation that was achieved
in this paper 1is suitable to calculate oil
compressibility below bubble point pressure for
Iraqi crude oils.
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2. Introduction

The isothermal compressibility
coefficient is defined as the rate of
change in volume of a substance with
respect to pressure increase per unit
volume. Mathematically, the
isothermal  compressibility of a
substance is defined by the following

1
c=-=
%4

(1)

Oil  isothermal compressibility
coefficients are required, among other
characters, in all solutions of transient
fluid-flow problem. Accurate
evaluation of this character will be
valuable for the interpretation of well

test analysis and other reservoir
performance calculations such as
reserve  estimate and  reservoir
simulation.

For a crude oil system, the
isothermal compressibility coefficient
of the oil phase is categorized to the
following two types based on reservoir
pressure:

2. Below the bubble-point pressure,
the solution gas is liberated with
decreasing reservoir pressure or
redissolved with increasing the
pressure. The change of the oil volume
as a result of changing the gas
solubility must be considered when
determining the isothermal
compressibility coefficient. The oil
compressibility in this case is termed
saturated isothermal compressibility
coefficient.

At pressures below the bubble-point
pressure, the isothermal
compressibility coefficient of the oil
must be modified to account for the
shrinkage  associated with the
liberation of the solution gas with
decreasing reservoir pressure or
swelling of the oil with repressurizing

23

1. At reservoir pressure which is
greater than or equal to the
bubble-point pressure ( P > Py),
the crude oil exists as a single
phase with all its dissolved gas
still in solution. The
isothermal compressibility
coefficient of the oil phase
above the bubble point reflects
the changes in the volume
associated with oil expansion or
compression of the single-phase
oil with changing the reservoir

pressure. The oil
compressibility in this case is
termed undersaturated
isothermal compressibility
coefficient.

2. volume as the result of

changing the gas solubility
must be considered when
determining the isothermal
compressibility coefficient of
the oil compressibility. Below
the bubble-point pressure is
defined by the following
expression @),

the reservoir and redissolving the
solution gas. These changes in the oil

o= -] 4 B[R]
o B, Laplt " B, Larly

But, the independent variables
of equation (2) are not available for all
wells and oil compressibility must be
calculated from correlations.

Oil compressibility values that
are obtained using equation (2) will
represent the observed values of this
property.

Very few researches have been
made regarding correlations for oil
compressibility at pressures below the
bubble point pressure.

Analytically, Standing’s
correlations ™ for Rs and Bo can be
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differentiated with
pressure, p, to give
Cp, =

respect to the

—Rs [0.000144 \/@ [Rs \/ﬁ +
B, (0.83 P+21.75) Yo Yo

0.2
125 (T - 460)| - Bg] 3)

McCain et. al. ©@ (1988)
correlated the oil compressibility with
pressure, oil APl gravity; gas solubility
at the bubble point, and temperature.
Their proposed correlation has the
following form:

Co = et (4)

where the correlating parameter A is
given by the following expression:

A= —7.633-1.497In(P) +
1.115In(T) + 0.533In(4PI) +
0.184In(Rs,)  (5)

The authors suggested that the
accuracy of equation (4) can be
substantially improved if the bubble-
point pressure is known. They
improved the correlating parameter,
A, by including the bubble-point
pressure, Py, as one of the parameters
in the preceding equation, to give
A= —-7.573 —1.45In(P) — 0.3831In(P,)

+ 1.4021In(T)
+ 0.256 In(API)
+0.4491n(Ry,)

Al-Jarri ® (1990) suggested
correlation for estimating isothermal
oil compressibility at and below
bubble point pressures. This
correlation was derived using oils that
were collected from Middle East and
North America. It was derived as a
function of pressure, bubble point
pressure, gas relative density, solution
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gas-oil ratio at bubble point pressure,
and reservoir temperature. His
correlation has the following form

io—;BZG P—1.726 Pb—0-8 Rsb0-659 T1.302
(7)

The Estimation of the Observed Qil
Compressibility at Pressures Below
Bubble Point

The estimation process of this
property has been done using
equation (2) but its difficulty is the
calculation of the two derivatives. The
determination of these derivatives
was done by two techniques:

-0.304

Vg e

1. Conventional Technique
This technique directly depends on the

laboratory values of solution gas-oil
ratio, oil formation volume factor and
pressure. The following equations are

used to calculate the values of
derivatives

dp P,—P,

dBo — Bol_Boz (9)

dP P,—P,

2. New Technique

In this technique, the correlations of
solution gas-oil ratio and oil formation
volume factor are derived with respect
to pressure to estimate their
derivatives that will be used to
calculated oil compressibility values
below bubble oil pressure.

In this paper, two correlations in Sixth
and Seventh references of this paper
were used to find the required
derivatives. The equations (10) and
(11) were already achieved using Iraqi

crude oils in previous researches
(Hassan and Sadig). The equations
(10a) and (11a) represent the

derivatives of solution gas-oil ratio and
oil formation volume factor,
respectively.

0.0002(P—Pp)
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gravity and specific gravity of gas

R =
A,
(AO P vezTA: APIAs R?ﬁ) pl(as PL7 vg®T4 AP0 RGO cent the independent variables.

(10)

dR,

A1 LA, TA A, RA
=5 = (A0 B v APIM R()

A7

(A6 P;\7 vg\sTA9 APIA10 R?ﬁl) P[(As Py v’g“BTA9 APJA10 R?gl)_l]

Where AO; Al; AZ; A3; A4I ASI AGI A7I ASI
Ay, Ay, and A;; represent the
constants of equation (10a)

By, = a; P%2 THSAPI* v % + a4
(11)

Do = ay a, PO27D THAPI% y 2
(11a)

Where a3, a,, a3, a4, and as represent
the constants of equation (11a)

The observed values were determined
using the two techniques for
calculating the derivatives in Equation
(2).

The values of constants of equations
(10) and (11) were calculated in Sixth
and Seventh references.

Formulation of New Correlation

The first step for formulating of
a correlation is regression analysis that
gives information on the relationship
between a response variable and one
or more independent variables to the
extent that information is contained in
the data. The goal of regression
analysis is to express the response
variable as a function of the predictor
variables. Duality of fit and accuracy of

conclusion depend on the data used
(8)

Qil compressibility
characterizes response variable with
bubble point pressure, pressure,

reservoir temperature, stock-tank oil
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Observed oil compressibility
values that were used in regression
analysis have been obtained by
applying new technique.

Many forms of suggested
relationships have been tried for
getting the best empirical equation
that corresponds to  minimum
difference between the observed and
calculated values. Statistical and
graphical tests are employed on these
forms to gain the following
relationship.

Co =
e AP[%y,% P,% T%e(as(Po=P)) 4
a, 10©@sP) + g, (12)

Table (1) shows values of the
constants of equation (12) that were
obtained using regression analysis.

Evaluation of the Correlations
1-Statistical Analysis

This section has been divided
into two parts: the first took the
observed values using conventional
technique while the second depended
on new technique to obtain observed
values.

Average percent relative error,
average percent of absolute relative
error, loss function and standard
deviation were computed for each
correlation. Two hundreds and nine
data points from twenty PVT reports
have been subjected to evaluation
process for each correlation.

First Part

Table (2) shows the statistical
criteria for the correlations. The new
correlation has best values of average
percent relative error, average
percent of absolute relative error, loss
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function and standard deviation while
McCain's correlation yield the worst
values of statistical criteria. As shown
in Table (2), the new correlation
presented good performance whereas
the published correlations were very
poor.

Second Part

Table (3) also gives the
statistical criteria for the same
correlations. The new correlation has
the best statistical criteria. The
statistical criteria of the New
correlation in the second part is better
than in the first part because the new
technique for calculating the observed
oil compressibility values simulated
the behavior of each of solution gas-
oil ratio and oil formation volume
factor with respect to pressure better
than the conventional technique.

This part demonstrates that
the New correlation has the validity to
apply with Iragi oils while the
published correlations still weak.

2-Graphical Test
Oil sample that which is used

to create New correlation has been
subjected to the graphical test. Figures
(1) through (4) show the degree of
matching between the observed and
calculated  values. Standing’s
correlation has about 30% error while
McCain’s correlation and Al-Jarri's
correlation cannot match with the
observed values as shown in figures
(2) through (4). The new correlation
explains good agreement between the
actual and predicted values as shown
in Figure (1).

Conclusions

1-The accuracy of the published
correlations was not adequate to fit
the observed values of oil
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compressibility for Iragi crude oils
below bubble point pressures as they
have poor statistical results and bad
cross plots.

2- The New correlation can predict oil
compressibility for Iragi crude oils
below bubble point pressures with
good matching.

3- The new correlation and the new
technique can be applied without
using PVT reports.

4- The performance of the new
technique to calculate the derivates of
solution gas-oil ratio and oil formation
volume factor with respect to pressure
is better than the performance of the
conventional technique.
Nomenclature

API : API gravity

Bo : Qil formation volume factor,
bbl/STB

Bg : Gas formation volume factor, bbl
/scf

C, : isothermal oil
coefficient, Psi*

P : Pressure, psig

Py: Bubble Point Pressure, psig
Rs : Solution gas-oil ratio, scf/STB
T : Reservoir Temperature, °F

Vg : Specific gravity of gas

Yo : Specific gravity of oil

compressibility
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The Constant

ai
az
as
a4
ds
ds
az
asg
dog
New
Average percent 24,851
relative error
Average percent
of absolute 26.6535
relative error
Loss function 0.001896739
Standard 34,533

deviation, %

Table (1)

Table (2)
Standing

69.63

69.63

0.0230
83.563
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Point Pressure”, Iragi Journal of
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Petroleum Engineering.

and Hassan, O. F.
December 2009 “New Correlation
for Oil Formation Volume Factor at
and below Bubble Point Pressure” ,
Journal of College of Engineering,
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2007” Numerical
Methods for Engineers”, Concordia
Press.,.

Value
81.75447
1.459646
1.713428
-11.5505
-1.53784
0.003822
12.66838

2.837x 10"
-12.66538

McCain Al-Jarri

-95.987 -94.882

95.987 95.286

0.0217 0.0214

96.327 95.663
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Table (3)
New Standing McCain Al-Jarri
Average percent 4.779 42.657 -96.355 -94.002
relative error
Average percent
of absolute 10.414 46.278 96.355 96.607
relative error
Loss function 5.5x10° 8.6x10- 5 8.8x10°° 1.2x10"*
Standard 15.796 48.917 96.635 3307.947
deviation, %
-IO%J
0.008 +10%
| I
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Figure (1) Cross Plot for the New Correlation
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Figure (2) Cross Plot for Standing's Correlation
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Figure (3) Cross Plot for McCain's Correlation
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Figure (4) Cross Plot for Al-Jarri's Correlation
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