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The Safety Case 

The safety case is a masterpiece of the license application files 
Collection of arguments and evidence to demonstrate the safety of a 
disposal facility 

 

It covers the whole lifecycle of the planned facility (from 
conception to post closure) 

It presents assessment of radiological and non radiological risks. 

 

It’s periodically reviewed during the operation of the facility to :  
Update the information about the facility and its operational conditions 

Check its conformance to regulation requirements and to the safety 
demonstration 

Compare the safety level to more recent facilities 
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Safety fundamentals declined into safety functions  

1- To isolate the waste from human actions and surface phenomena 
The site and the depth of implementation of the disposal 

Design measures 
example 

Without to depend onto an institutional control  on which it cannot be relied 
on after a period of time 

Preservation of the memory, as long as possible after closure of the disposal 

A geological disposal :  
• Located at depth of about 

500m 
• Limited and grouped access 

structures  
• Long length vault and galleries 
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Safety fundamentals declined into safety functions  

2- To limit the transfer of radionuclides and chemical toxics from 
the waste to the biosphere 

To limit the circulation of water 
To limit the release of radionuclide and chemical toxics from the waste 
and immobilise them (in the disposal structures) 
To delay and attenuate the migration of radionuclides and chemical 
toxics which are potentially released from the waste 
 

3- To limit physico and chemical interactions in the disposal 
Use as much as possible well known material 
Simplification of processes (thermal, mechanical, hydraulic, chemical, 
radiological) and their coupling to account for 

 

4- To manage criticality  
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Design, Knowledge and Safety Analyses  

Knowledge 
Acquisition 

Design & 
Architecture 

New 
Iteration 

New 
Iteration 

Research 
Priorities 

Design 
orientations: 
Compliance, 
optimisation 

Safety 
Studies 

Feedback on 

• Disposal system 
robustness 

• Essential 
parameters 

• Design  
• Feasibility 

Analysis of the 
understanding of the 

disposal system 
Modelling and simulation 
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Quantification of safety scenarios 
An iterative process combining knowledge from science / design / safety 

Physical 
conceptualization 

Numerical 
conceptualization 

Analysis of 
safety results 

Basic models and data acquisition 
(wastes, materials, site) from 
laboratory demonstrators, 
numerical simualtion 

Integration, 
analysis, hierarchy  
Uncertainties of all 
kinds models/data 

Use of codes 
Numerical set up 

Science 

Design 

        
          

          

Safety 
objectives 

Safety 
model 
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Post-Closure Safety Approach: Development of Scenarios 

Types of Scenarios 

» Normal Evolution Scenario 

» Altered Evolution Scenario 

» What if scenarios  

» Human intrusion scenarios 

Development of scenarios constitutes the fundamental basis  
» for the quantitative  assessment  
» as well as the choice of data and models to assess the 

scenarios 
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Quantification of safety scenarios 
From phenomenological assessment to safety assessment 

Phenomenological 

assessment 

Preliminary 

assessment 
Safety 

 assessment 

Quantification/verification of the safety 
function affected to a component to 
ensure safety  

“Weight” of component and/or physical 
process on the global performance of the 
system 

Quantification of radiological/toxical 
impact in the global system (hydraulic and 
transfer migration) 

All components 

All THMC processes  

Thermal 

Hydraulic–gas 

Mechanical 

Chemical 

All components 

Quantification THMC processes which 
have an influence on hydraulic and 
release/transfer of radionuclides 

 Influence of T, 2-phase-
flow,EDZ, chemical 
degradation, geodynamic 
evolution, … 

 

 

 

 

Quantification of safety 
scenario (normal and altered 

evolution) 

Basic and sound detailed 
quantification (space/time) 

THMCR evolution of disposal 
and geological environment  

(+ uncertainties) 

PARS Safety reports 

Evolution of disposal and 
geological environment in 

terms of release and 
radionuclide transfer 

Conceptualization 
of scenarios 

(models, data) 
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Preliminary assessment supporting safety calculations 
Hydraulic and solute transfer in geological media  

Reference 
Hydrogeological 

model 
Design option 

Radionuclide migration 

Geodynamic evolution 

Components of safety model to be taken into account  

+ + 
Disposal  
facility 

Erosion/uplift/ice phase, … 
local area 

{h
yd

ro
/tran

sp
o
rt} 

m
o
d

el fo
r safety 

calcu
latio

n
s anions/cations/actinides 

advection, diffusion 
Sorption, precipitation 

+ 
simplifications 

simplifications 
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Preliminary assessment supporting safety calculations 
Hydraulic and solute transfer in geological media  

27 layers considered from Trias 

to Tertiary (Paris Basin) 
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Quantitative Evaluation of Complementary Indicators 

The post-closure quantitative assessment of Cigeo is based on the values of a 
set of indicators used:  

to check the individual operation of each component as regards transfers and to 
assess its performance as regards the post-closure safety functions assigned to it, as 
well as overall operation 
to judge the robustness of the repository; 
to eliminate certain uncertainties. For example, unlike the dose rate, the "radionuclide 

flow on exit from the host formation" is independent of the uncertainties associated 
with the surrounding formations and the biosphere. 

 
Examples: 

Quantity of radionuclides (and toxic 
element) releases by the waste over 
time 

The percentage breakdowns between 
the water flows and the radionuclide 
(and toxic element) flows by advection 
and diffusion within the repository and 
in the Callovo-Oxfordian 

The molar flow rates and activity of the 
radionuclides (and toxic elements) at 
the exit from each of the components 
(package, cell, seals, host formation) 
over time 

11 Atomeco Nov 22 2017 



Quantitative Evaluation : Example of Radiological Impact 
Evaluations (Dose) and Indicator Molar flux for Cigéo  

Normal Evolution Scenario  

Reference situation 

 

Altered Evolution 
Scenario Malfunctions 
of seals 

 

What-if Scenario 
Malfunctions of all seals 
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