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Introduction

In order to calculate water saturation Archi’s equation
is routinely used. Cementation factor and saturation
exponent, the most significant Archi parameters, which
are the root cause of uncertainty in the determination
of water saturation. To use the Archie’s equation actual
petro-physical parameters should be applied. Adoption
of fixed value will give rise to inaccurate water
saturation explanation [1]. Experimental special core
analysis to determine cementation factor values is an
expensive and time-consuming work, and laboratorial
measurements are also available just for few cases;
therefore, using empirical equation for the calculation
of Archie’s parameters is became quiet vital.
Although extensive academic research has concentrated
on discovering cementation factor correlation; most
of these methods were implemented for a particular
type of porosity, and limited mineralogy [2-4]. As
an illustration, the sell formula is just appropriate for
non-fractured low porosity (<10%) carbonate [5]. In
addition, there are lots of researches focusing on the
effect of different parameters on saturation exponent,
but the lack of a correlation for this exponent
especially for Iranian carbonate reservoirs is obvious
and unfortunate. This study is a step to develop an
empirical correlation for each of cementation factor
and saturation exponent for carbonate reservoirs
that related cementation factor with petro-physical
parameters such as rock porosity, permeability, and
density and also saturation exponent to porosity,
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permeability and wettability index. For this reason,
Genetic Programming (GP), which is a robust tool for
equation discovery was used [6].

Experimental Procedures for Data Gathering

A total number of 175 clean carbonate plug samples
were collected from 21 Iranian oil fields. A fter cleaning
and drying plug samples, base air or Klinkenberg
permeability and porosity are measured. These plug
samples represent an extensive range of porosity.
After that, the electrical properties of the samples and
wettability index are determined.

Before using the data in the models, the original raw
data were prepared using related Matlab codes. After
preparing data, basic statistical information of all
parameters used in this investigation was derived.

Genetic Programming Algorithm

Before applying genetic programming to the problem,
the modifiable parameters must be specified by user.
The GP parameters to be adjusted are the ratio of
training and testing data to the entire data set, type of
“mathematical operations”, the number of genes, and
the number of populations and generations. Therefore,
as to construct a robust model, the data are divided
into training data (80% of the data) and testing data
(20% of the data) randomly. Moreover, the model is
developed using training data and then evaluated by
testing data. The mathematical operators of constant,
+, -, X, /, sin, cos, and power are applied. The operators



are selected using trial and error process. Note that the
number of populations and generations have negligible
effect on accuracy owing to the random-based nature
of GP and just affect the run time of the problem.

The developed models for Archie’s parameters
were evaluated using some statistical parameters
including root-mean-square error (RMSE) and
squared correlation coefficient (R?). Moreover a
simple sensitivity analysis to study the effect of input
variables (i.e. K, .., and p) on objective function has
been carried out.

Results and Discussion

The GP algorithm was trained by given data set,
and non-linear correlation for cementation factor
and saturation exponent was extracted by function
generated in training process. The resulted models are
as follows:
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Root mean square error (RMSE), correlation coeffi-
cient, and R-squared goodness of fit for cementation
factor model are 0.062, 0.91, 0.84 and for developed
saturation exponent correlation are 0.051,0.99, and
0.96 respectively. These acceptable values of statisti-
cal parameters indicate the good ability of the devel-
oped correlations in the range of independent variable
and dependent variable.

Residual error between estimated value of cementa-
tion factor and saturation exponent by eq. 1 and 2 and
experimental data for training and testing datasets has
been illustrated in Figure 1. Heavy concentration of
training and validation data points around the zero
horizontal line shows the low prediction error of these
models.
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Fig. 1 GP results. Comparison between experimental and predicted m values: (a)cementation factor model and (b)saturation

exponent model.

The variable sensitivity analysis for these two models
show that porosity has the major effect on cementation
factor and permeability and wettability index have the
main effect on saturation exponent.

Conclusions

In this article, the genetic programming approach
was applied to discover empirical correlations for
cementation factor (m) and saturation exponent. For
cementation factor, 175 RCAL and SCAL data from
several carbonate oil fields in southern Iran and
for saturation exponent 29 data were investigated.
Furthermore, porosity (¢), permeability (K), and
rock density (p) were selected as input variables
of cementation factor model; in addition, porosity,
permeability, and wettability index were chosen as
independent variables of saturation exponent model..

For cementation factor, GP-based model RMSE and
correlation coefficient for validation dataset are 0.062
and 0.91, and for saturation exponent are 0.051 and
0.96 respectively, which the obtained values indicate
that the new developed correlations gives good
performance.
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