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The KG2B project  
 

Objectives:  
 

An international benchmark for estimating the 
permeability 

 
  of a selected low permeability material  
 
  by different laboratories (24) 
 
  using different techniques 
  (experiments, modelling) 
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The KG2B project  
 

What’s the meaning of KG2B? 
 

    Комитет государственной безопасности 
    Komitet Gossoudarstvennoï Bezopasnosti              
 
 
 
 
 
         
 
 

NO 

K (permeability) for 
Grimsel Granodiorite 

Benchmark  
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The KG2B team 
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The KG2B project 
Selected material: the Grimsel granodiorite 

 
 
 
 
 
 
 
 

Swiss project for implementing deep 
geothermal energy in Switzerland: 10 meters 

deep borehole drilled in a tunnel at GTS 
 

 Two one-meter-long fresh cores were 
provided for KG²B 
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Grimsel test site (GTS) operated by NAGRA 



The KG2B project 
Selected material: the Grimsel granodiorite 
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The KG2B project 
Management of the benchmark 

 
 
 
 
 
 
 
 

Imposed effective  confining pressure : 5 MPa 

Results spreadsheet Website: https://labo.u-cergy.fr/~kggb/ 
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https://labo.u-cergy.fr/%7Ekggb/
https://labo.u-cergy.fr/%7Ekggb/
https://labo.u-cergy.fr/%7Ekggb/
https://labo.u-cergy.fr/%7Ekggb/


The KG2B project 
 

Expected outcome of the benchmark 
 

• Comparison of the results for each method 
 

• Comparison of the results from different methods  
 
• Influence of experimental conditions (nature of fluid, stress 

and temperature control, sample size…) 
 
• Accuracy of each technique 

 
• Suggest « good practice » for low permeability 

measurements 
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The KG2B project 
 

Benchmark « profile » 
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The KG2B project 
 

« Bulk » results 
 

Average permeability: 1.1 µD 10 



Average Gas permeability ~ 2 x (Average Liquid permeability) 
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The KG2B project 
 

Influence of the pore fluid 
 



The KG2B project 
 

Influence of the sample size 
 

More scatter for smaller samples 12 

SIZE OF  
REV? 



Influence of the testing method 13 



Influence of the testing method 

Measurements on: 
 
• the same sample 
• with the same fluid 
• using different methods 

 
 the same order is found 

 

kSST < kOSC < kPLS  
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The KG2B project 
 

Influence of the porosity 
 

porosity variability is not enough 
to explain permeability variability 15 



The KG2B project 
 

Pressure dependence of permeability 
 

16 
Effective pressure law: 
Biot coefficient  α = 1 



Microstructure analysis (BIB SEM) 

Backscattered Electron image maps with pore space segmentation  
Interpreted cracks are in red and pores in cyan 17 



Microstructure 
analysis 

Wood’s metal (in white) injection into cracks 

Equivalent diameter distribution  
(in nm) for cracks and pores  18 



Microstructure analysis  

19 X ray microtomography 



The KG2B project 
 

Pore network modelling of permeability 

MICP pore throat size 
distribution  

coordination number 
Z < 3 20 



The KG2B project 
 

Permeability estimation from modelling 
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PNM – pore network model 

Effective medium model 



PUZZLING RESULT 

Possible explanations 
 

• kliquid is underestimated because of fluid-rock interactions 
 
• kgas is overestimated because of « insufficient » gas slippage correction   

kgas~ 2 x kliquid 
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• Is kgas overestimated because of « insufficient » slippage correction?   

kgas= k∞(1 + b/pm) 

Klinkenberg slip factor b 

Kn= b/4pm 
Knudsen number 
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PUZZLING RESULT 



The KG2B project 
 

CONCLUSION 
 

• Collaborative project involving 24 laboratories around the world, measuring or 
modelling the permeability of a low permeability crystalline rock with different 
techniques 
 

• All the participants did the job very thoroughly, but not always in due time… 
 
• Unexpected results on a possible « pore-fluid effect » were found 
 
• Contribution to identify « good practice » for low permeability measurements 

 
• Cross-checking between different labs when unexpected values were found 

helped in identifying technical problems in perm measurement 
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Example of cross-checking 
 

25 k=0.79 µD 

wrong values 



Finally KG²B was a 
  

challenging,  
exciting,  

useful  
and fun  

 
thing to do 
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https://doi:10.1093/gji/ggy304 
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https://doi:10.1093/gji/ggy305 

https://doi:10.1093/gji/ggy305
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