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Introduction

Carbonate reservoirs in the Persian Gulf region exhibit
significant heterogeneity in pore systems and rock
fabrics [1-4]. Accurate estimation of permeability in
such reservoirs is critical for reservoir characterization,
production forecasting, and enhanced oil recovery
projects. Moreover, direct methods such as core
analysis are limited to few wells, thus continuous well
log—based techniques are of great interest. Among
these, Stoneley wave analysis provides valuable
information on formation permeability, especially
when integrated with petrophysical rock typing
approaches [5-7]. This study aims to develop a reliable
methodology for permeability prediction in the Upper
Dalan and Kangan formations by combining Stoneley-
based permeability estimation with petrophysical rock
classification.

Materials and Methods

Dipole Sonic Imager Tool (DSI) data were used to
record Stoneley waves across the reservoir intervals.
Conventional well logs and 403 m of core (1,575
samples) were analyzed to provide ground truth
permeability measurements. Stoneley slowness values
were converted to permeability using established
theoretical relationships. To account for geological
heterogeneities, rock typing was performed using
Flow Zone Indicator (FZI), Winland’s R35, Lucia’s
classification, and porosity—permeability threshold

methods. Moreover, multimineral analysis using
Geolog software was also carried out to quantify
mineralogical compositions. The correlation between
Stoneley-derived permeability and core data was
evaluated across different rock types.

Results and Discussion

The  comparison  between  Stoneley-derived
permeability and laboratory core data revealed a
moderate correlation when all data were considered
globally. However, after subdividing the dataset into
rock types, the correlation improved significantly.
Among the tested approaches, the FZI method
provided the highest correlation, with R? values up
to 0.96 in some flow units. In addition, this indicates
that geological heterogeneity strongly influences
permeability prediction and must be incorporated into
the workflow. The results are consistent with previous
studies [8-11] that emphasized the importance of
integrating Stoneley wave analysis with additional
classification or clustering techniques to improve
permeability estimation accuracy.

Conclusions

This study demonstrates that combining Stoneley
wave analysis with petrophysical rock typing provides
a robust approach for permeability estimation in
heterogeneous carbonate reservoirs. The methodology
significantly improves the match between Stoneley-
derived and core permeability compared to global
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correlations. The proposed workflow can be applied
to uncored wells and extended across the reservoir
to enhance reservoir models and support field
development strategies.
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Fig 1 Geographic location and stratigraphic column of the Upper Dalan and Kangan formations, redesigned based on data from
[12,13].
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Fig. 2 Depth plot of core permeability (Kcore) and Stoneley wave-derived permeability (Kst) in the studied well to evaluate
the consistency of the trend of variations of the two parameters along the wellbore.
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Fig 3. Cross plot of core permeability (Kcore) versus Stoneley wave-derived permeability (Kst) on a logarithmic scale for both
axes, along with the regression line equation and coefficient of determination (R?).

Table 1. Coefficients of determination (R?) between calculated permeability and core permeability for the geological method
based on dominant lithology.
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RTS

RT4

RT3

RT2

RT1

Lithology

0.00

0.02

0.03

0.02

0.00

RZ

Table 2. Coefficients of determination between calculated permeability and core permeability for the geological method based

on sedimentary facies.
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RT12 | RT11 | RT10 | RT9 | RT8 | RT7 | RT6 | RT5 | RT4 | RT3 | RT2 | RT1 Sedimentary facies

0.09 | 0.01 | 0.00 | 0.01 | 0.01 | 0.07 | 0.04 | 0.32 | 0.43 | 0.05 | 0.05 | 0.00 R?

Table 3. Coefficients of determination between calculated permeability and core permeability for the FZI method.
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RT9

RTS8

RT7

RT6

RTS

RT4

RT3

RT2

RT1

Rock type

0.66

0.96

0.69

0.27

0.27

0.55

0.40

0.59

0.64

RZ
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Fig 4. Cross plot of porosity versus core permeability for all studied formations, with logarithmic scale on the permeability axis,
along with the regression line equation and coefficient of determination (R?).

Table 4. Coefficients of determination between calculated permeability and core permeability for the Winland method.
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RTS8 | RT7 | RT6 | RT4 | RT4

RT3 | RT2 | RTI

Rock type

0.68 | 0.26 | 0.57 | 0.16 | 0.42

041 | 0.58 | 0.37 R?
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Table 5. Coefficients of determination between calculated permeability and core permeability for the Lucia method.

i sl g oad avulne gl o Lewe) [heya barpe uend cal o O Jou

RTS8 RT7 | RT6 RTS RT4

RT3 RT2 RT1 Rock type

0.01 033 | 0.13 0.40 0.37

0.51 0.14 0.04 R?
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Table 6. Coefficients of determination between calculated permeability and core permeability for the porosity-based classifi-
cation method.
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RT7 | RT6 | RTS | RT4

RT3

RT2 | RTI Rock type

0.04 | 0.09 | 0.02 | 0.01

0.00

0.00 | 0.02 R?

Table 7. Coefficients of determination between calculated permeability and core permeability for the permeability-based clas-
sification method.
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RT11 | RT10 | RT9 | RT8 | RT7 | RT6

RTS

RT4 | RT3 | RT2 RT1 Rock type

0.00 | 0.01 | 0.01 | 0.00 | 0.02 | 0.00

0.00

0.05 | 0.00 | 0.04 | 0.00 R?
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