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1-Introduction

In petrophysical literature, two prevalent strategies for quantifying this heterogeneity and defining rock
types have received the most attention. The first strategy, the Winland method, estimates the pore throat
radius corresponding to 35% mercury saturation (R35) and classifies rocks based on the size of this throat
(Pittman, 1992). This family of correlations uses routine porosity and permeability data to calculate
equivalent pore throat size indices, which are then applied to segregate units with differing flow quality
(Spearing et al., 2001). The second strategy is the Flow Zone Indicator (FZI). By simultaneously
normalizing porosity and permeability and defining "hydraulic units," Flow Zone Indicator leads to the
segregation of groups that exhibit relatively homogeneous flow behavior and has long been used in the
industry (Amaefule et al., 1993).

Meanwhile, the Jenks Natural Breaks method is a univariate statistical classification algorithm that
determines class boundaries by minimizing the within-class variance and maximizing the between-class
variance (Jenks and Caspall, 1971). Jenks has been widely used in thematic mapping and Geographic
Information Systems for clustering continuous values (Brewer and Pickle, 2002), but its systematic
application in petrophysical rock typing has been scarcely reported and it has been less tested as a substitute
or complement to conventional methods in carbonate reservoirs.

2-Material and methods

To investigate the capability of the Jenks method in defining rock types, data related to 483 core plug
samples from the Kangan Formation were utilized. This data included information obtained from
petrographic studies and petrophysical parameters, namely porosity and permeability. In the first step, the
raw data were quality-controlled, and incomplete or unrealistic values were removed. Subsequently, a
dataset comprising depth, main lithology, porosity, and permeability was extracted.

Initially, the Jenks algorithm was applied directly to the raw permeability values, but it failed to yield a
satisfactory classification because most data clustered into a single class, and no meaningful boundaries
were established. Next, to improve the method's performance and simultaneously account for the influence
of both porosity and permeability, a new combined index was defined, which was derived from the ratio of
the logarithm of permeability to porosity (log(k)/o).

To determine rock types based on the Flow Zone Indicator, the porosity and permeability data were
used. In this method, the effective porosity was first converted from a percentage to a fraction, and then the
Reservoir Quality Index (RQI) was calculated. For determining rock types using the Winland method, the
equation proposed by Pittman (1992) was used to calculate the effective pore throat diameter (R35). To
complete the analyses for this research, the Jenks algorithm was also applied separately to the calculated
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values of the petrophysical indices. In the first step, the pore throat radius (R35) values calculated from the
Winland correlation were considered as the algorithm's input, and the data were divided into several distinct
classes. Subsequently, the Flow Zone Indicator was also calculated and similarly classified using the Jenks
method.

3-Results and discussions

A review of the overall porosity-permeability correlation revealed a coefficient of determination (R?) of
0.46. This value indicates that while a general relationship exists between porosity and permeability, the
data scatter is extremely high, particularly in the low-porosity ranges. Such behavior can result from
lithological and diagenetic factors like dolomitization, dissolution, or cementation, which alter reservoir
quality independent of the initial porosity value .

In the Winland method, the R? values obtained for the classes were relatively high, with an overall class
average of 0.70. In the Flow Zone Indicator method based on standard boundaries, the R? values varied
between classes, yielding an average of 0.53. In contrast, the Flow Zone Indicator classification based on
the Jenks algorithm showed weaker results, with its average R? calculated at 0.27. In the Jenks classification
applied to the Winland results, the R? values in different classes were at a relatively higher level, yielding
an average of 0.64.

The Winland method, which operates based on the pore throat radius, was able to create a suitable
differentiation between low-quality and high-quality data. In the Flow Zone Indicator method, data were
distributed more evenly among the classes. This method utilizes a direct combination of porosity and
permeability to calculate the Flow Zone Index, which provides a better capability for explaining
heterogeneity. Due to its statistical nature, the Jenks method demonstrated the weakest performance in
explaining the porosity-permeability relationship. This method relies solely on the permeability distribution
of the data and has no direct dependence on porosity. Consequently, the R? values remained low in all
classes (between 0.001 and 0.13). Essentially, Jenks was primarily able to rank the data by permeability
dispersion without strengthening the porosity-permeability relationship.

Regarding the ability of these methods to segregate rock types, the comparison of the three approaches
showed that methods based on combined petrophysical indices (Winland and Flow Zone Indicator) perform
better in isolating rock types and explaining the porosity-permeability relationship. In contrast, Jenks is
primarily statistical in nature and is suitable for supplementary analyses rather than as a primary method.
These results indicate that selecting the appropriate method in petrophysical data analysis plays a
determining role in understanding heterogeneity.

4-Conclusion

The results of this study indicated that methods based on physico-empirical petrophysical indices such as
Winland and Flow Zone Indicator are more effective in explaining the porosity-permeability behavior and
rock typing. However, using general statistical methods like Jenks can be useful as a supplementary tool
alongside these methods, especially when the goal is to examine data distribution or define new combined
indices. These findings emphasize the importance of selecting the appropriate methodology and utilizing
combined approaches in the analysis of carbonate reservoir heterogeneity.

In this research, the Jenks algorithm was applied for classifying the Kangan Formation petrophysical
data based on the pore throat diameter (R35) and the Flow Zone Indicator. The results demonstrated that
this method has a limited ability to improve the porosity-permeability correlation, and the coefficient of
determination (R?) values were noticeably lower than those from the conventional Winland and Flow Zone
Indicator methods using standard boundaries.
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Porosity-Permeability Cross Plot (Winland R35 Classification)
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Fig 2. Porosity—permeability cross plot using the Winland method. The samples are classified based on reservoir quality

(very tight to excellent) classes.
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Porosity-Permeability Cross Plot (FZI Standard Classification)
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Fig 3. Porosity—permeability cross plot using the Flow Zone Indicator method. The samples are classified based on
reservoir quality (Mega-tight to excellent) classes.

Crossplot of Porosity vs Permeability with Jenks (5 Classes, Log S_cglée)
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Fig 4. Cross Plot of porosity—permeability with Jenks method. The data are divided into five permeability-based classes,
and the Jenks algorithm defines optimal boundaries by accounting for natural data variation.
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Cumulative Distribution of FZI with Jenks Classes
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Fig 5. Cumulative distribution of Flow Zone Indicator using the Jenks classification method, where class boundaries are
determined based on natural data variations.

Cumulative Distribution of R35 with Jenks Classes
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Fig 6. Cumulative distribution of R35 using the Jenks method, illustrating transition zones and boundaries between
different reservoir quality classes.
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Table 1. Comparison of coefficient of determination (R?) between porosity and permeability across different methods and
classes

Method Class R? Number of samples Standard deviation Standard deviation
D (%) K (mD)
Winland (Standard) Very tight 0.62 166 0.32 8.6
Winland (Standard) Tight 0.59 195 1.23 0.41
Winland (Standard) Intermediate 0.53 68 0.55 0.63
Winland (Standard) Good 0.79 54 0.63 0.92
Winland (Jenks) Class 1 0.75 141 2.18 1.35
Winland (Jenks) Class 2 0.75 121 0.82 1.55
Winland (Jenks) Class 3 0.56 64 0.95 17.50
Winland (Jenks) Class 4 0.56 98 1.08 2.10
Winland (Jenks) Class 5 0.59 59 1.21 22.30
FZI (Standard) Mega-tight 0.81 98 1.34 28.90
FZI (Standard) Tight 0.37 112 1.48 3.25
FZI (Standard) Intermediate 0.68 85 1.61 1.25
FZI (Standard) Good 0.49 65 1.78 4.90
FZI (Standard) Excellent 0.29 123 1.03 41.30
FZI (Jenks) Class 1 0.28 118 0.71 2.85
FZI (Jenks) Class 2 0.38 165 2.18 12.81
FZI (Jenks) Class 3 0.30 99 232 6.80
FZI (Jenks) Class 4 0.12 101 0.23 9.40
Winland (Standard) Average 0.70
Winland (Jenks) Average 0.64
483 2.85 34.18
FZI (Standard) Average 0.53
FZI (Jenks) Average 0.27

Sialejloazaslis Fjlade 55 wijle o K-means sanasgs  wSix asls slo s, sl (ANOVA) il ls Judos lis -Y Jgo

Ll Jloil ossmolis plade o F (6Ll
Table 2. ANOVA results for the Jenks index and K-means clustering methods in the Kangan Formation. The F-value
represents the F statistical test, and the p-value indicates the probability.

Method Variable F-value p-value

Kmeans Porosity (%) 30.04 3.923e-22

Kmeans Permeability (mD) 4350.25 0.000e+00
Jenks Porosity (%) 25.98 2.286¢-19
Jenks Permeability (mD) 1521.40 1.355e-257

\YO



\ O)Lo.i: Y4 o)y) AR RN )L@d

a

s A . .
Wyt 8 B i

<R? ke ol oo s K-means g Sz sla by, 51 Jeol slapodlS™ 5o olgli—Jodss ol (gl 4l o3l slaJae o e =Y Jgo

NS ;2 sleools olasi g Jow dloles

Table 3 — Best-fit models for the porosity—permeability relationship within the classes derived from the Jenks and K-
means methods, including R? values, model equations, and the number of data points in each class

Method Class  Best Model Best R? Equation N_points
Kmeans 0 Power 0.43 k=0.0057311 * ¢*1.9547 355
Kmeans 1 Linear 0.48 k=107.3 * ¢ +-902.27 23
Kmeans 2 Exponential 0.08 k = exp(-0.0086472 * ¢ + 5.7559) 10
Kmeans 3 Linear 0.33 k=-51.575* ¢ +2357.3 11
= - * * A _
Kmeans 4 Cubic 0.09 k=131.15+-17.228 (EZTPA133159 ¢"2 +-0.028709 29
Jenks 1 Power 0.64 k=0.0056661 * ¢"1.981 409
= _ * % (AA ~
Jenks ) Cubic 0.48 k=138.56 +-18.979 2;}3.’3985 @2 +-0.027919 27
= - * % (A _
Jenks 3 Cubic 0.82 k=345.94 +-29.419 (2;33.3653 ¢"2 +-0.044343 10
Jenks Linear 0.78 k=362.77 * ¢ +-6676.6 16
Jenks 5 Linear 0.63 k=3328*p+418.2 24
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Porosity-Permeability Cross Plot with Jenks Classification on R35
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Fig 7. Porosity—permeability cross plot using the Jenks classification based on Winland method (pore throat radius (R35)),
illustrating the relationship between porosity, permeability, and pore throat size across different reservoir quality classes.
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Fig 8. Porosity—permeability cross plot using the Jenks classification based on Flow Zone Indicator, showing the variation
of reservoir quality in relation to porosity and permeability characteristics.
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