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Still  challenging  

Reservoir Hole Core Plug 

3D imaging 

3D plug image 

Structural & Fluid flow properties 

Multiscale reservoir analysis Faster analysis & Representativity 

Voxaya | Imaging expertise & Analysis solutions 



4 scales of investigations: multiscale reservoir structures 

Imaging vs Sample size 
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Ą Representative micro- to macro-
scale properties 

Ą Fluid flow pathways  

mesoporosity  
(vuggy) 

Coring: lithological observations 

Plug sampling: petrophysical measurements 

Thin sections: rock fabric analysis 

1 mm 1 dm 1 m 0.1 mm 1 cm 

macro- and karstic porosity  
(caves, chenal) 

microporosity  

X-ray tomography: digital core & plug analysis 

1 µm 100 m 10 µm 10 m 

Voxaya | Imaging expertise & Analysis solutions 



Approch  & Software solution  
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Database screening by 3D imaging: cores, plugs, cuttings, 
unstructured zones 

 

 

Ą Voxilon, workflow -oriented software  

Voxaya | Imaging expertise & Analysis solutions 



Voxilon  

Numerical rock analysis software 

Recipes & computation times 



1mm 

Porosity  Connectivity  Tortuosity  

Pores & 

throats  
Skeleton  

Pore 

network  

Diffusion  

Permeability  

Velocity 
fields 

Pressure 
fields 

Structure Fluid flow  

Voxilon | Digital Material Analysis 

Voxilon Analysis 
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Capillary 
pressure 



Morphological characteristics 

· Effective, Accessible porosities 

· Chord-length distribution  

· Sphere diameter distribution 

· Geometrical tortuosity  

· Formation factor  

Voxilon analyses list  

Dynamical properties 

· Effective diffusion  

· Diffusive tortuosity  

· Absolute permeability (Kx, Ky, Kz) 

· Capillary pressure 

 

DRP measurements Results Computation time 

Effective porosity  24.5% 3 sec 

Max pore diameter (chord-length) 144 ěm 1 sec 

Main pore diameter (maximum-balls) 43 ěm 
 

1 sec 

Geometrical tortuosity  1.5 181 sec 

Connected pore components 519 components 2 sec 

Diffusivity -tortuosity  5.2 90 sec 

Absolute permeability 3130 mD 31 sec 

Pore entry radius from Pc curve 23 ěm 
 

37 sec 

Computations made on a Fontainebleau sandstone image - 4803 voxels (110 Mo) 
Hardware setup: Dell XP 13 laptop 4 cores/8 GB RAM 

Total time: 6 min 

Voxilon | Digital Material Analysis 7 



Characteristics 

Ç Permeability estimation from skeleton 

Ç Paralleled calculation 

Ç Similar method to Pore Network Modeling 

Focus on Absolute  permeability  

Rocks Image 

size  

Permeabilit

y 

Computation time  

Mallorca 1 Gb 14 mD 276 sec 

Berea 2,5 Gb 104 mD 11 min 

GD15 6 Gb 100 mD 39 min 

Bentheimer 21 Gb 2270 mD 1h  45 min 

Hardware setup: HP Z840 workstation 32 cores / 256 GB RAM 

Sandstone pore network 

Reversible pore network skeleton 

Voxilon | Digital Material Analysis 8 



Focus on Effective  diffusion  

100 µm 

Characteristics 

Ç Diffusion simulation based on Time Domain Random Walk 
method (Dentz, Russian, Dweik, Gouze et al.) 

Ç Paralleled algorithm 

Ç Semi-automated post-processing 

Diffusion process in a sandstone pore 
network  

Rocks Image 

size  

Diffusive 

tortuosity 

Computation time  

Mallorca 1 Gb 9 10 sec 

Berea 2,5 Gb 7 10 sec 

GD15 6 Gb 30 500 sec 

Bentheimer 21 Gb 5 295 sec 

Hardware setup: HP Z840 workstation 32 cores / 256 GB RAM 

Voxilon | Digital Material Analysis 9 



Focus on Capillary pressure 
Characteristics 

Ç Drainage process modelisation  

Ç Based on the skeleton: hydraulic radius per node 

Ç Non-wetting  phase 

Ç Trapping possibility 

Rocks Image 

size  

Pore entry 

diameter  

Computation time  

Mallorca 1 Gb 7 µm 296 sec 

Berea 2,5 Gb 4 µm 13 min 

GD15 6 Gb 5 µm 42 min 

Bentheimer 21 Gb 3 µm 1h  48 min 

Hardware setup: HP Z840 workstation 32 cores / 256 GB RAM 

Pore diameter (µm) 
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Porosity  & Permeability  
estimation  

From digital core 



Voxilon | Digital Core Analysis 

Digital core Visualisation  

üCT scanner imaging 

üVoxel size: 0.5 mm 

ü3 ft  long 

Core into  PVC tube Inner structure 
through PVC tube 

Core extraction Main structural features 



Digital core Screening 

Voxilon | Digital Core Analysis 

Video link:       https:// youtu.be/a3dBb0DIl0k  

https://youtu.be/a3dBb0DIl0k
https://youtu.be/a3dBb0DIl0k


REV 

Porosity  screening from  REVs 

Digital core screening by Representative 
Elementary Volume displacement 

 Ą Porosity profiles  

Ç Total porosity  

Ç X-direction (horizontal plane) effective porosity  

Ç Y-direction (horizontal plane) effective porosity  

Ç Z-direction (vertical plane) effective porosity  

 

Voxilon | Digital Core Analysis 
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Permeability  screening from  REVs 
REV 

Voxilon | Digital Core Analysis 



Digital core Screening 
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X-ray plug ʌ (%)

Unit 1

Unit 2

Unit 3a

Unit 3b

Unit 3c

Unit 4a

Unit 4b

He plug ʌ

TW plug ʌ

Unit 1a 

Unit 1b  
Unit 2a 
Unit 2b  
Unit 2c 
Unit 3a 

Unit 3b  

ĽHe 

Ľ3M 

1200  virtual plugs sampled along 100m long  
ż*ÄӃӃ N³XŽ ǐ&scan 

 Ą High resolution  porosity profile  

         Lab phi 

            
             X-ray 
              phi 
 

Voxilon | Digital Core Analysis 


