
4th International Underground  

Research Laboratory (URL) Workshop 
 

“Contributions of Rock Mechanics to       

Radioactive Waste Disposal Evaluations” 
 

John A Hudson 

Emeritus Professor,  

Dept. Earth Science and Engineering, 

Imperial College London, UK 

http://www.google.co.uk/imgres?imgurl=http://research.ncl.ac.uk/mattran/logos/imperial logo.jpg&imgrefurl=http://research.ncl.ac.uk/mattran/cv_imperial.html&usg=__uaAa7T7evuxB5v3Rxr2u71JS2hg=&h=353&w=1101&sz=49&hl=en&start=2&zoom=1&tbnid=gDa265fkOSaZHM:&tbnh=48&tbnw=150&ei=0lhCT7ryOs6p8QOexMiyCA&prev=/search?q=imperial+College&um=1&hl=en&sa=N&rlz=1T4HPEA_en-GBGB261GB261&tbm=isch&um=1&itbs=1


1. Unlike other civil rock engineering 
projects, such as a metro tunnel or a 
mine, the repository provides a static 

disposal function. This means that 
the repository can be located in 

different rock masses and at 
different depths 

2. Because of the isolation function, 
the design involves coupled  

geological-thermal-hydrological-
mechanical-chemical-biological  

processes to a significantly greater 
degree than for other  rock 

engineering projects. 

3. The regulators require that the 
design life of the repository is of the 
order of hundreds of thousands of 

years,  compared to about 100 years 
for ‘conventional’ civil rock 

engineering projects. 

4. There will be significant public 
involvement in the location                        

and acceptability of a repository 
facility 

5. Unacceptable quantities of 
radionuclides  should not 
escape to the biosphere 

HOW TO OVERCOME 

COMPLEXITY & RISK? 
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Overcoming Complexity and Risk 

 
 

In the period 2011-2015, the 

Design Methodology  

Commission of the ISRM has been 

studying the subject of risk in 

connection with rock engineering 

projectswhich has led to the 

book “Rock Engineering Risk” 

 

The subject of Chapter 5 is 

“Radioactive Waste Disposal: 

Overcoming Complexity and Risk” 
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Schematic of a radioactive waste repository layout (from Posiva, Finland) 
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The main factors 
1. Geology – what is the potential host rock and how might its 

history and characteristics affect the repository design? 

2. Rock Mechanics – what are the rock mechanics characteristics, 
e.g. rock stress, intact rock, fractures, large shear zones? 

3. Hydrogeology – what is the hydrogeology setting, e.g. 
groundwater table, hydraulic heads, type of flow (water-
bearing fractures and/or rock matrix), fracture geometry? 

4. Hydrogeochemistry – origin of groundwater, residence time for 
groundwater, hydrogeochemical stability 

5. Evolution of the site during repository construction, and after 
the waste is emplaced – both internal effects (heat produced by 
the waste) and external effects (geological changes) 

But what are all the detailed factors? 

7 



8 

SKB report 

TR-06-09 

“Long-term safety for 

KBS-3 

repositories at 

Forsmark and 

Laxemar – a first 

evaluation” 
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SKB report 

TR-06-09 

“Long-term safety for 

KBS-3 

repositories at 

Forsmark and 

Laxemar – a first 

evaluation” 
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Problem 1: Complexity 

Modelling change 



 

The required very long design life may require consideration 

of the effect of, not one, but several future ice ages with the 

associated effects on the groundwater, the rock stress and 

the fractures—depending on the site location.  

 

Because of the long design life resulting from the half-lives of 

the radioactive materials,  

a repository cannot be designed by precedent practice  

because optimal site selection criteria have not been 

established from engineering experience—nor can they be if 

the design life has to be hundreds of thousands of years.  

Problem 2: No Precedent Practice  

(in terms of confirmation of repository function)  
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                      DECOVALEX-2015 
 
 

 

 

D2015 Tasks 

Task A:   The Sealex In Situ Experiment, Tournemire Site, France 

Task B1: HE-E Heater Test, Mont Terri, Switzerland 

Task B2: EBS Experiment, Horonobe, Japan 

Task C1: THMC of single rock fractures 

Task C2: Bedrichov Tunnel, Czech Republic  
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The current DECOVALEX2015 project consists of an 

international consortium of ten Funding Organisations,  

comprising for this 2012-2015 phase, 

 

China, Czech Republic, France, Germany,  

Japan, Korea, Switzerland, UK, USA (x2),  

 

which support Research Teams. 

 

 

 

 

 

 

 
Participants at  a Workshop meeting on Jeju Island in South Korea 

 



Problem 3: Validation of Computer Models: DECOVALEX Project 

 

Tournemire site, France       Mont Terri, Switzerland    Bedrichov, Czech 

Republic 

    Horonobe, Japan             Lab Testing of water flow over quartz fracture 14 
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Task C2: Bedrichov Tunnel, Czech Republic 

Research Topics  
include 
• Water flow in massif/ 

inflow to the tunnel 
• Natural tracer transport  

surface-tunnel (water age) 
• Water chemical composition  

(rock minerals dissolution) 



New 

projects 

benefit 

from 

existing 

projects 
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DECOVALEX Visit to the Bukov 

Uranium Mine in the Czech 

Republic, April 2015 New DECOVALEX Chairman for 

the 2015-2019 phase 

Jens Birkholzer of LBNL 
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From 

Posiva 

Website 

in 

Finland 
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The End 
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