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Introduction

Kozeny-Carman Equation

Kozeny's law relates permeability (k) to the geometric properties of the porous medium,
such as porosity (¢), specific pore surface area (§), and an empirical parameter (¢), which in
most cases 1s close to 0.2 (Kozeny, 1927; Carman, 1938).
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Kozeny-Carman equation for shale
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Objectives

1. Numerical estimation of the Porosity (¢)

11.  Design random trajectories for the Cellular Automata

111. Estimate Tortuosity (t)

1v. Estimate Permeability (K)



Introduction> Objectives> Methodology

Methodology

I.  Sampling and retrieval of Eagle Ford shale cores

ii.  Preparation of thin sections and SEM micrographs

iii. Digital processing of SEM micrographs

Iv. Estimation of porosity, surface area and tortuosity

v. Permeability estimation

vi. Validation of estimates against established literature data
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Figure 3. Photographs of the main sedimentological
features of the lower member of the Eagle Ford
Formation.

(A)-Interbedding of limestone and shale
(B)-Plane-parallel lamination, note the alternation of
light and dark laminae

(C)-Carbonaceous shale with pyrite laminae
(D)-Pyrite laminae

(E)-Bentonite horizon

(F)-Calcite-filled fracture

LOC: light and dark laminae
Py: pyrite
Ben: bentonite
Fr: calcite-filled fracture.

Dcore = 5.08 cm
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Figure 4.1 SEM image processing in ImageJ
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Particle Simulation
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Calculations and Results
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Figure 6. Calculation of tortuosity as a function of the number of particles. A
value of 7= 1.971 was obtained from 10,000,000 iterations.
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Literature Data

Name of the Rock Length of the Cutting Porosity Permeability
Cores Core Direction (%) (mD)
Sample 1-Chicontepec 5cm Parallel 10.7 undefined
Sample 2-Chicontepec 5cm Perpendicular 8.0 0.001
Sample 1-Amaxac 6 cm Parallel 7.0 0.002
Sample 2-Amaxac 5cm Perpendicular 8.1 0.041

Table 1. Petrophysical values of rock samples from Chicontepec and Amaxac outcrops
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Conclusions

I. This work represents a low-cost alternative for estimating
petrophysical parameters compared to laboratory experiments.

ii. The results are consistent with those found in the literature.

iii. Particle simulation within the porous medium allows us to
measure their trajectories to estimate tortuosity, a crucial
parameter in petrophysics.

iv. Since permeability is a parameter that is highly difficult to
measure, these types of experiments allow us to calculate more
realistic values, as approximations can be numerically controlled.
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