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Introduction

Carbonate reservoirs have more heterogeneity than
terrigenous reservoirs, which has led to uncertainty in
the calculation of petrophysical parameters in carbonate
reservoirs. Predicting water saturation has always been
difficult due to the complexity and heterogeneity of
carbonate reservoirs. On the other hand, experts are
trying to find different ways to accurately calculate
water saturation in carbonate formations. Common
methods for calculating water saturation in the
oil industry are the direct use of the core and the
measurement of water volume by the Dean-Stark test,
also, the calculation of water saturation is indirectly
using petrophysical logs based on the Archie equation
or the Archie-derived equations. The parameters
required to calculate water saturation using well logging
data have been sensitive to different conditions, and the
accuracy of this method in different conditions has been
the subject of much discussion [1]. Water saturation
calculated from the core by the Dean-Stark test has
always been one of the main methods for calculating
water saturation due to its accuracy in calculating water
saturation [2]. Electric logs at this time are one of the
main sources of subsurface information in oil and gas
fields. By combining the logs, the electrical facies
can be identified. The word electrical facies was first
defined by Serra and Abbott as a set of log responses
that separate one layer or layer from other layers [3].
Generalization of water saturation models for use in
sequences of wells that do not have a core is performed

Accepted: September/08/2020

by an electrical facies. The purpose of this study was
to identify the effective petrophysical parameters in the
calculated water saturation difference from the Archie
method with the Dean-Stark experiment. Also, the
most accurate method of determining electrical facies
is presented to accurately calculate Archie coefficients.
To achieve this goal, an electrical facies was determined
along the entire sequence of the studied wells. Then, in
each electrical facies, the average water saturation in the
Dean-Stark test method and the electrical models were
calculated. Other goals of this study are to determine the
difference in water saturation from the Dean-Stark test
and the electrical model to identify the accuracy of water
saturation of electrical models in carbonate formations.

Materials and Methods

The study was performed on the Permian-Triassic
formations (Kangan-Dalan) in a well in one of the gas
fields in the Central Persian Gulf. After determining
Archie's coefficients, water saturation was calculated
based on Archie's equation (Equation 1).

Sw :[(aRw)/(QmRt)](%] (1)

This equation determines the Sw based on the porosity
(9), resistivity of the formation (Rf), formation water
resistivity (Rw), cementation (m) and saturation (n)
exponents. In this study, a total of 1253 porosity and
permeability tests were performed on plug samples. In
this study, Dean-Stark extraction method was used to
determine core water saturation.



Petroleum Research, 2021(December-January), Vol. 30, No. 114

Results and Discussion

Comparison of Water Saturation of Electrical Models
with Cores in Each Electrical Facies

The average values of Dean-Stark water saturation
with electrical models in electrical facies model No.
1 based on input logs including electrical resistance,
sonic, neutron, and density were recorded in Table 1.
The average values of input logs in each facies were
also measured, and recorded in Table 1.

Table 1 Average water saturation of the Dean-Stark
test and electrical models in electrical facies in Kangan
and Dalan formations based on input logs including
sonic log, electrical resistance, neutron and density and
calculation of their average in each electrical facies.

Comparison of the Average Water Saturation of
Electrical Models with the Dean-Stark Test in Facies
Models

average water saturation from Dean-Stark experiment

with average water saturation from Archie electrical
models with constant coefficients (2,2,1), Archie with
variable coefficients (cementation exponents and vari-
able saturation exponents based on laboratory work),
Waxman-Smith [4], Dual water [5] and Archie-dual
water electrical model (cementation exponents and
variable saturation exponents based on laboratory
work) were determined and compared in three models
of electrical facies (Figure 1).

To determine the best electrical facies for predicting
the correct water saturation in hydrocarbon reservoirs,
the average water saturation values were calculated
in three facies models. The best electrical facies has
the least difference in the average water saturation be-
tween the Dean-Stark method and the electrical model
(Archie and Archie-derived models).

Table 1 Average water saturation of the Dean-Stark test and electrical models in electrical facies in Kangan and Dalan forma-

tions based on input logs including sonic log, electrical resistance, neutron and density and calculation of their average in each

electrical facies.

Average input electrical logs

The average water saturation of the Dean-Stark test and the electrical models

Archie with labora-
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Fig. 1 Comparison of the average water saturation of
the Dean-Stark test with the average water saturation
of electrical models (Archie with laboratory coeffi-
cients, Archie with constant coefficients, Archie-Dual
Water, Waxman_Smith, Dual Water) in three models
of electrical facies.

The results presented in Table 1 shows that if the input
logs, including electrical resistance, sonic, neutron,
and density, are determined electrical facies, the
minimum difference in the average water saturation
of the electrical models with the water saturation of
the core (Dean-Stark) is obtained. The reason for the
difference in the water saturation values of Archie with
the water saturation of Dean-Stark in each facies model
depends on its input log. Therefore, density compared
to lithology and shale volume has a greater effect on
reducing the difference between the average water
saturation of the electrical model and the saturation of
water in the Dean-Stark (Figure 1).

To determine the petrophysical parameters affecting
water saturation, facies models based on input logs
were created. In facies model 1, which was created
based on the input logs, including electrical resistance,
sonic, neutron, and density, has 7 electrical facies for
Kangan and Dalan formations. The results presented
in Table 1 show that the electrical facies No. 4 has the
lowest difference in the average water saturation of the

electrical models compared to the water saturation



of Dean-Stark. After that, the electrical facies No. 6,
7 showed a greater average difference between the
two methods of water saturation. Electrical facies No.
4 have high porosity, density, and sonic wave transit
time, but have much lower electrical resistance than
electrical facies 6 and 7. Therefore, increasing the
porosity, density, and sonic wave transit time and
reducing the electrical resistance, reduced the average
water saturation difference of the electrical model with
water saturation of the Dean-Stark (Table 1).

Conclusions

This study showed that if the Archie coefficients
were calculated in each Electrical facies, the water
saturation resulting from the electrical models would
be very close to the water saturation values of Dean-
Stark test. The calculated water saturation, from the
Archie equation and the shaly equations derived from
it with constant coefficients and variable laboratory
coefficients, has much higher average values than the
water saturation calculated from the Dean-Stark test
method. Sequences from this well were determined
that the mean values of water saturation of the core
(Dean-Stark) were different from the values of water
saturation of the Archie-Dual Water model. And the
reason for this difference in water saturation between
the two methods was stated. To generalize the water-
saturated models corrected to wells that do not have
a core, three facies models with different input logs
were determined using a Multi-Resolution Graph-
based Clustering (MRGC). Comparison between
the three facies models showed that facies models
based on input logs, including electrical resistance,
sonic, neutron, and density, showed the lowest water
saturation difference of the electrical models compared
to the average water saturation of the Dean-Stark test.
The difference between the average water saturation
between the electrical models and Dean-Stark in this
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model with optimal input logs is 46%, which is 6%
and 9% less water saturation than the second and
third facies models, respectively. Therefore, to select
the sample to determine the coefficients of Archie,
this method of determining the electrical facies
is appropriate. Comparing the difference in water
saturation between electrical facies, it was concluded
that porosity, permeability, and density, in contrast to
electrical resistance, is directly related to the increase
of water saturation accuracy. Also, based on the type
of input log of each facies model, it was found that
lithology and shale volume has less effect on water
saturation accuracy than density.
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