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Introduction field. Diverse datasets, including well logging

Rock typing plays a critical role in the characterization
and modeling of heterogeneous reservoirs, particularly
in carbonate formations. It serves as a bridge between
geological, petrophysical, and dynamic reservoir
properties, enabling the identification of flow units with
similar behavior. Through effective rock typing, static
and dynamic models can be more accurately populated,
leading to improved predictions of fluid flow and
reservoir performance. This classification is essential
for enhancing the reliability of reservoir simulation,
optimizing field development strategies, and reducing
subsurface uncertainties [ 1]. The Flow Zone Indicator
(FZI) remains one of the most extensively applied rock
typing techniques in reservoir characterization within
the petroleum industry. Moreover, numerous studies
have aimed to enhance the FZI methodology by refining
its key parameters, culminating in the Modified FZI
approach [2.3]. Parallel research has emphasized
the significance of pore throat radius distribution in
porous media as a robust criterion for differentiating
rock types. Established methods in this domain
include the Winland method, the J-function analysis,
and capillary pressure measurements [4-7]. This
research presents a comprehensive and integrated rock
typing workflow designed to accurately characterize
reservoir heterogeneity and delineate reservoir quality
variations. The proposed methodology synthesizes
multiple rock typing approaches and was implemented
on data acquired from a southwestern Iranian oil

and core analysis data (RCAL and SCAL), were
utilized to compute rock typing indices. Subsequent
reservoir simulation, coupled with rigorous statistical
evaluation, facilitated the identification of the most
predictive and reliable rock typing model for dynamic
reservoir modeling and production forecasting.

Materials and Methods

As mentioned earlier, RCAL and SCAL data from
a southwestern Iranian oil field were utilized as
input for this study. Morover, several rock typing
methods—including FZI, Modified FZI, permeability-
based classification, porosity grouping, and capillary
pressure analysis (Winland method)—were applied to
this dataset.

To determine the optimal number of rock types and
their distribution, statistical techniques such as the
Elbow method and coefficient of determination (R?)
were employed. In order to assess the effectiveness of
the applied rock typing approaches, dynamic reservoir
simulation was performed. History matching was
carried out using key production indicators, including
water production profiles, gas-oil ratio (GOR), and
reservoir pressure decline trends. The results were
then used to identify the most appropriate rock typing
method for use in reservoir modeling.

Results and Discussion
FZI values were classified into 2 to 8 groups using



the K-medoids clustering method. For each FZI group,
cross-plots of Reservoir Quality Index (RQI) versus
normalized porosity (¢_z), as well as permeability
versus porosity, were analyzed to assess internal
consistency and rock quality trends. Based on the
Elbow method and the coefficient of determination
(R?), categorizing the data into four distinct rock types
was found to be optimal and statistically justifiable
(Fig. 1).
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Fig. 1 Elbow and R? plot related to FZI method.

The same procedure was applied to the Modified
FZI, R-model, and permeability-based rock typing
methods. According to the Elbow method, the optimal
number of rock types for each method ranged between
four and five categories. To evaluate and compare
the performance of different rock typing approaches,
the endpoints of relative permeability curves—
parameters that provide critical insights into rock
flow characteristics—were analyzed. Plotting these
endpoints against the respective rock typing indices
and assessing their consistency served as a diagnostic
tool for differentiating among the methods. In this
study, the considered endpoints included irreducible
water saturation (Swi), residual oil saturation (Sor).
Based on the results, the Modified FZI, R-model,
and permeability-based classifications demonstrated
superior performance and reliability.

The following equations were proposed to develop
an empirical correlation that provides a satisfactory
match with both laboratory and field data, where a, b,
and c are tunable parameters to be calibrated.
Daili*=¢* x k" <S¢, (1)

Daili*=¢* xk" x(1-S,,. )" (2)

As previously mentioned, in the final stage of rock
typing evaluation, reservoir simulation and history
matching were conducted. The results (Fig. 2)
demonstrate that the choice of rock typing method has
a significant influence on the water production profile.
Therefore, it can serve as a criterion for identifying the
most appropriate rock typing approach. However, its
effect on the gas-oil ratio and pressure decline trends
appears to be negligible.
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Fig. 2 Comparison of water production versus simulation
results for different rock typing methods.

Conclusions

In this study, various reservoir rock typing methods
were evaluated and compared using data from a
reservoir located in southwestern Iran. The key
findings of the study are summarized as follows:

* Based on validation metrics, including the match
with relative permeability curves, it was found that the
modified Flow Zone Indicator (FZI) method, the pore-
throat radius-based method, and the permeability-
based method outperformed the other techniques.

* Dynamic reservoir simulation results indicated
that pressure depletion trends and the gas-oil ratio
(GOR) are not significantly affected by the rock
typing method. However, the water production rate
proved to be a more sensitive indicator for assessing
and differentiating between the various rock typing
approaches.

* The proposed correlation for rock typing, supported
by simulation results and its alignment with historical
water production data, demonstrated higher accuracy
and reliability compared to the other methods.
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