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It would be hard to imagine a beach without sandor or without water, 
otherwise it would become desert or sea.
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Pore Throat Network (PorThN) path to Permeability determination flow chart
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Geometrical Analysis
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Axiom 0: Pore Throat has enclosure from all directions.
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Geometrical Analysis

Axiom 0: Pore Throat has enclosure from all directions.
Pore	Size	=	Small	Blue	Square	Area	of	Figure	3.4	=	4r2 (3.2)

where r is the grain size
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Geometrical Analysis

Axiom 0: Pore Throat has enclosure from all directions.
Pore	Size	=	Small	Blue	Square	Area	of	Figure	3.4	=	4r2 (3.2)

Pore Throat Size = Small Square Area – Circle Area

Pore Throat Size = 4r2 – 𝜋r2= (4- 𝜋)r2= 0.858 r2 (3.3)

where r is the grain size
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Geometrical Analysis

2D 3D Full pore 3D Half pore 
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Geometrical Analysis

Serra, O. (1985). Sedimentary Environments from Wireline Logs, Schlumberger Technical Services Publication No. M-081030/SMP-7008.

Natural Rock will be a form of below:



Geometrical Analysis

We started with easier Configuration:

Triclinic
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Triclinic

Pore Size = Triangle Area = 3 r2 (3.5)

where r is the grain size
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Geometrical Analysis

Found Pore throat size geometrically

Triclinic
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Geometrical Analysis

Found Pore throat size geometrically

Triclinic

Pore Size = Triangle Area = 3 r2 (3.5)

PorTSTriclinic= 3 r2– !
"
r2= ( 3 – !

"
) r2=0.162 r2 (3.6)

where r is the grain size
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Geometrical Analysis

We need to upgrade Triclinic Equation to 
Rhombohedral 

Triclinic
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Geometrical Analysis

Ratio
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Experimental and Analytical (Rhombohedral)



Experimental (MRI) – Different sizes of Glass Beads



Experimental (MRI) – Different sizes of Glass Beads

Glass Beads     



Experimental (MRI) – Different sizes of Glass Beads

MRI Digital Image Intensity (0-255)
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Experimental (MRI) – Different sizes of Glass Beads

Glass Beads     



CMV– Controllable Measurable Volume

Glass Beads     

We introduced
CMV (Controllable Measurable Volume)

to replace 
REV (Representative Elemental Volume)



CMV– Controllable Measurable Volume

CMV (Controllable Measurable Volume)
provides

heterogenous rock morphology segmentation

Al-Farisi, O., Belgaied, A., Elhami, M., Kadada, T., Aljefri, G., & Barkawi, A. N. (2004, January). Electrical 
Resistivity and Gamma-Ray Logs: Two Physics for Two Permeability Estimation Approaches in Abu Dhabi 
Carbonates. In Abu Dhabi International Conference and Exhibition. Society of Petroleum Engineers.

Grain

Cement

Fluid

Clay

Serra, O. (1985). Sedimentary environments 
from wireline logs. Schlumberger Limited.



CMV– Controllable Measurable Volume

CMV (Controllable Measurable Volume)
provides

heterogenous rock morphology segmentation
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Fluid

Clay

Serra, O. (1985). Sedimentary environments 
from wireline logs. Schlumberger Limited.

• Intergranular

• Intragranular

Porosity & Diagenetic Model   



CMV– Controllable Measurable Volume

PorTSRhombohedral= 0.6667 * 0.162 r2 = 0.109 r2

where r is the grain size

CMV (Controllable Measurable Volume)
provides

heterogenous rock morphology segmentation

Do we have Intragranular and Intergranular?
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Machine Learning Heterogenous Morphology Segmentation
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Machine Learning Heterogenous Morphology Segmentation

Pyrite

Open Vugs

Intergranular 
Grain Size 1

Intergranular Grain 
Size 2

(Bioclast +Intragranular)
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Image Processing Segregation of Morphology
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Image Processing Segregation of Morphology



(Dual Pore system) identified by Image Processing Segregation of Morphology



Machine Learning Heterogenous Morphology Segmentation
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Darcy Equation
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Permeability Equation Validation

Beard, D. C., & Weyl, P. K. (1973). Influence of texture on porosity and permeability of unconsolidated sand. 
AAPG bulletin, 57(2), 349-369.



3D Permeability Equations

kavg_Series =
L/ML0

1/
2/

M 10
20

(4.5)

kavg_Paralel =
N/ ∗P/MN0 ∗Q0

N/MN0
(4.6)

Ezekwe, N. (2010). Petroleum reservoir engineering practice. Pearson Education. P-304.



3D Permeability Equations for Heterogeneous Fabric
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3D Permeability Equations and MRIII Model Validation

kavg_Series =
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3D Permeability Equations
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where [Grain Radius = 

0.5 Grain Diameter]  
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based on (Bread 

and Wely - 1973) 
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K2019Omar (this 

research) based on 

Geometrical and 

Analytical Approaches   

62 31 100 103.79 

83 41.5 210 186.00 

125 62.5 420 421.88 

177 88.5 830 845.88 

250 125 1700 1687.50 
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Designed five 3D models and 3D printed them 
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Pc (Capillarity) - Machine Learning Heterogenous Morphology 
Segmentation

𝑃+ =
, - +./0

1
(1)

Alfarisi, O., Ouzzane, D., Sassi, M., & Zhang, T. (2021). The 
Understanding of Intertwined Physics: Discovering Capillary 
Pressure and Permeability Co-Determination. arXiv preprint 
arXiv:2112.12784.
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Applying Machine Learning Image Recognition with on 
Carbonate Rock uCT Image


