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Abstract

Carbonate formations, despite their complexity and heterogeneity, are crucial to the energy industry, holding over 60% of the world’s
remaining conventional oil reserves (Heriot-Watt University, 2025). In Brazil, carbonate reservoirs, particularly in the Pre-Salt province,
dominate national oil production and reserves. However, these reservoirs still present challenges due to heterogeneous mineralogy and complex
diagenesis, which result in a highly intricate pore network that complicates reservoir characterization.

Diagenesis strongly influences pore system variability, generating moldic, vuggy, interparticle, and intraparticle pores. This complexity causes
significant variations in elastic properties and a scattered porosity-velocity relationship, where pore type and shape emerge as key factors in
carbonate rock physics (Brie et al., 1985; Xu & Payne, 2009). Pore microstructure plays a fundamental role in defining elastic properties,
directly impacting seismic velocity, permeability, and fluid flow predictions in rock physics models.

Pore microstructure influences bulk and shear moduli and electrical conductivity by controlling fluid connectivity and distribution. Since rock
physics models often assume idealized pore geometry, understanding pore organization at the microscale is crucial for improving predictive
accuracy. Incorporating aspect ratio and its distribution enhances rock physics models such as effective medium theories, and velocity-porosity
relationships. A more detailed understanding of pore geometry is essential for reservoir quality characterization and for bridging the gap
between laboratory-scale observations and field-scale geophysical interpretations.

This study evaluates aspect ratio, pore type and size distribution in the Atapu field, a Brazilian offshore pre-salt carbonate reservoir, to refine
rock physics models and improve our understanding of elastic rock behavior in these reservoirs. A total of 877 thin sections from one well were
analyzed using OpenCV-based image processing, extracting 734,831 pore geometries to quantify pore area, diameter, aspect ratio, pore type
distribution and porosity. The analysis showed reference pores (aspect ratio ~0.1-0.8) dominate (>85% pore volume), while stiff pores and



crack pores account for ~12% and <1%, respectively. The average aspect ratio is 0.53, with most pores between 0.3 and 0.77, while extreme
values represent <5%. The pore size distribution follows a left-skewed log-normal trend, indicating a predominance of smaller pores.

Following pore characterization, rock physics models were applied to evaluate elastic property variability and quantify the impact of pore
geometry on velocity predictions. A rock physics model for an oil-saturated carbonate reservoir was used to assess how pore aspect ratio and
pore type distribution influence P- and S-wave velocities. The model applies a DEM approximation for dry rock moduli, while fluid properties
derive from well log pressure and temperature. The saturated bulk modulus is computed via Gassmann’s equations. The rock physics model
successfully generated a synthetic VVp based on the pore type distribution and aspect ratio from thin section analysis. Despite differences in
sampling rate between thin sections and well log data, the synthetic VVp exhibits a first-order correlation with measured P-velocity, confirming
the model's effectiveness in capturing the impact of pore geometry on elastic properties in Brazilian pre-salt carbonates.



Integrating Pore Size Distribution and Aspect
Ratio into Rock Physics Models for Brazilian
Pre-Salt Carbonate Reservoirs

Eliane Petersohn' 2, Tapan Mukeriji', Guilherme Castilho3
1 Stanford University
2 Brazilian National Agency of Petroleum, Natural Gas and Biofuels
3 Rubi E&P Consulting

™



o =

m?r “’/"f\\‘ RIO

AAPG Internatlonal Conference & Exhibition

Study Site Overview

100 km

|| Pre-salt Province
[ ] OilField
[ | Atapu Field

Atapu field W
]




Study Site and Dataset Overview
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Structural Map of the Top of the Reservoir

A total of 877 thin sections are
distributed throughout the
entire reservoir, providing
vertical representation of
different facies

Reservoir Average

Total Thm Unique Thickness Sample
Section
Count Depths (m, up to Rate
OWC) (count/m)
877 280 454.97 0.62/m
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What If Thin Sections Aren’t Available

Across the Reservoir?
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Detailed Workflow for Pore Data
S

ot 2 S RID Extraction from the Thin Sections

1. Image Preprocessing
*  Apply dehaze, color contrast and lighting

*  Resize and optimize dimensions for analysis

2. Segmentation and Pore Detection

*  Convert the image into a binary mask separating pores/non pores

3. Pore Contour Extraction and Feature Analysis

* lIdentify individual pore contours using OpenCV
* Fitellipses to detected pores
*  Extract major and minor axis lengths from the fitted ellipses

4. Aspect Ratio and Size Calculation

*  Compute aspect ratio as the ratio between minor and major axes
*  Calculate pore area and equivalent pore diameter using pore contours

5. Pore Classification

. Categorize pores as Crack, Reference, or Stiff based on aspect ratio

*  Differentiate micropores from larger pores

6. Porosity Estimation and Data Export

7. Applying Rock Physics Model
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Before

Processing High-Resolution
Thin Section Images

Under low light thin section
photos tend to become bluish,
thus the need of image
treatment.

Image processing was applied

over available JPG images, with
varying quality and resolution.

The process consisted of
automatically adjusting image
exposure and adjusting lighting.
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A color-based segmentation was performed by isolating pixels within the blue hue range,
classifying each pixel as either pore (blue) or non-pore.
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After segmenting the image, we used OpenCV'’s cv2.findContours to identify each
connected pore region and extract its boundary as an ordered list of (X, y) coordinates.
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After extracting each pore contour, we use OpenCV'’s cv2.fitEllipse to fit the best-match ellipse,
which returns the major and minor axis lengths, used to compute the aspect ratio.

We used OpenCV'’s cv2.contourArea to measure each pore’s area in pixels and then converted that
to a pore radius by assuming a circular shape.
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I Stiff Pores (%)
After extracting pore data from the thin sections, we applied Random Forest = Eiif;ﬁ‘;i‘;?f v
Regression—using temperature, pressure, dry weight clay content, and density as
predictors—to translate thin-section pore-type proportions (reference, stiff, crack) into

continuous logs.

%~ a Applying Random Forest Regression to

5200

5200 5300 (5300m) Random Forest Feature Importance Analysis
[ ]
5300
$ $ 0.25
5300 3
[ ] —
5325 - 0.20 £
. S
5400 e .‘g-
c
s 0.15 0137 o 5400
(]
- [ ] P o 0122
E E -
£ 5500 £ 5350 E 0103
& s 0.10 |
a ]
[=]
0.05 |
5600 5500
0.00
5700 o & ES o ES & &
& & ° 2 & o’ &
& & NS < & #
S < @ ) o
A& A9 & N
) & &
5400 (5400m| 3 5600
Samples Samples Features

0 25 50 75 100



Differential Effective Medium Theory
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The differential effective medium (DEM) theory models
two-phase composites by incrementally adding inclusions of one phase
(phase 2) to the matrix phase

(- y)di[K *(0)]= (K, ~ K*P™(y)
%

(- y)di[u *()]= (1, — 190" (1)
3%

Coupled differential equations with initial conditions K*(0) = K, and p*(0) = i, where
K, 1, = bulk and shear moduli of the initial host material (phase 1)
K,, U, = bulk and shear moduli of the incrementally added inclusions (phase 2)
y = concentration of phase 2

(Cleary et al., 1980; Norris, 1985; Zimmerman, 1991, Berryman et al. 1992)
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Thin-section analyses show that interparticle (“reference”) pores dominate the matrix, while
crack pores contribute 1% of total pore volume.

* Using a random-forest regressor, we converted sparse thin-section pore-type proportions
(reference, stiff, crack) into depth-continuous logs, enabling detailed reservoir-scale pore-system
characterization.

* Aggregated to the log support and used as DEM inputs, these pore-type distributions yield
synthetic V; that tracks the principal log trends despite sampling-rate mismatch, linking pore
geometry to elastic response.

* Porosity partitioning delineates distinct pore systems (intergranular, vuggy, fracture) and relates
pore type to permeability variations, enabling fluid-flow and storage predictions.
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