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Safety case support by the JAEA KMS

• Structure knowledge according to the logic sequence of the 
“Safety Case”Safety Case

• Provide for the abilities
• to synthesise and integrate material from diverse sourcesto synthesise and integrate material from diverse sources
• to identify trends and inconsistencies to give feedback to 

data producers. 
• Assure flexibility to cope with rapidly growing knowledge base
• Assure user-friendliness
• Make maximum use of advanced electronic information• Make maximum use of advanced electronic information 

management technology (expert systems, artificial 
intelligence, neural networks, web-based agents and bots, 

)etc.)
Safety Case
a collection of arguments and evidence
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a collection of arguments and evidence 
to demonstrate the safety of a facility 
(IAEA/NEA,WS-R-4)



Stepwise evolution of the Safety Case
Safety confirmation 
through intermediate 
SC reviews

SC for DIAH12 SC SC for PIA

Site-specific safety cases

SC for site SC for SC forSC for DIA
selection

Changes:

H12 SC
generic

SC for PIA 
selection

SC for site 
selection

Changes:

SC for 
licensing

Total synthesis:

SC for 
closure

Total synthesis:g
• technical
• regulatory
• socio-
economic

Synthesis of
• site understanding
• site-specific design

t t f th t t

Changes:
• technical
• regulatory
• socio-
economic

Total synthesis:
• technical
• regulatory
• socio-
economic

Total synthesis:
• technical
• regulatory
• socio-
economic

• state-of-the-art system 
understanding

Regulatory constraints:
• goals

Evolution of JAEA KMS
- support both implementer to make the safety cases 
and regulator to review them by providing intelligent• boundary conditions 

(e.g. timescales, 
treatment of special 
scenarios, …)

and regulator to review them by providing intelligent 
tools for:

•site characterisation planning and implementation
•development of repository design tailored to site

Socio-economic BCs:
• acceptance
• financial constraints
• ….

• site-specific and realistic safety assessment
• step-wise integration of all relevant information into 
the safety case

- The final goal is full coupling of information fluxes of- The final goal is full coupling of information fluxes of 
site characterisation, repository design and safety 
assessment 
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Central role of argumentation modelling

Arguments based on knowledge 

Overarching QMS

Safety strategy (Claims)
g g

of geological environment
“Established” 

knowledge-base

Evidence
“D ” k l d

Arguments based on disposal 
concept and repository design

“Deep” knowledge

concept and repository design

Working memory

Plan

Arguments based on understanding 
of  system behaviour Knowledge 

d ti / l

Progress

Warrant based on 
established knowledge y

Plan

DS

production/use cycle
Warrant based on working 
hypothesis

Rebuttal
DoSee
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Overview of argumentation support
Supporting tool for Constructing 

Argumentation

Argumentation 
Support Function

ARgumentation models with Associated 
knowledge‐Base (SCARAB)

・Supporting argument development using a 
simple point‐and‐click interface

・Storing existing argumentation models in a Argumentation 
Diagram Editor

Storing existing argumentation models in a 
case‐base, allowing users to keyword 
search cases similar to the one at hand

・Recording all the revisions made to each

Argumentation 
Evaluation Tool

Inference Engine 
for argumentation 

modeling

・Knowledge extraction

・Consistency check

Argumentation 
Expert System

Recording all the revisions made to each 
argumentation model, with comments 
explaining the reason for changes

・Supporting discovery of new rebuttals by 

・Example of similar warrants

・Available argument schemes

・Potential threat

・Defense against rebuttals 

Evaluation of 
technical 

reliability with 
evidences

pp g y y
using “deep” knowledge of the safety case 
structure. 

・Link with groupware that provides a 

Knowledge Network Argument Case‐base

Evaluation with  
opinions of 

stakeholders

Argumentation Knowledge Basecollaborative internet working environment

Common UtilitiesCommunity Knowledge 
Coordination
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Cross link with 
background 
knowledge

Knowledge 
BaseInteraction Support 

Function

Support Tool
Coordination 
Support Tool

Tool for assembling warrants
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Defining attributes of new warrant
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Editor of argumentation scheme
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Screen-shot of argumentation diagram editor
(claims from the top level)

Geological disposal could 

Geological disposal can be 
implemented safely at the 
site without inducing 
unacceptable environmental 
impacts.

be implemented at this site.

Repository and EBS are 
designed in a strict 
manner with well-defined 
design rationale.

Repositor and EBS areRepository and EBS are 
designed to achieve 
safety goals for both pre-
and post-closure phases.

8

Screen-shot of argumentation diagram editor
(claims from the top level)

Safety is assured at each 
step of implementation 
and after closure of 

Adequate protection 
measures are taken based 
on  well-defined safety 

repository.
y

strategy.

The longevity can be specified by determination of an overpack
thickness needed for mechanical integrity and adding an allowance forthickness needed for mechanical integrity and adding an allowance for 
corrosion expected during the period for which integrity is required to 
be maintained.

Safety functions of 
repository and EBS stated 
in safety strategy are 
assured.

Safety functions
Containment stated 
i f t t t iSafety functions 

required after closure of 
repository are assured.

in safety strategy is 
assured.
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Screen-shot of argumentation diagram editor
(argumentation model)

The longevity can be specified by 
determination of an overpack

Could corrosion rate 
increase with time leading 
to early failure?determination of an overpack

thickness needed for mechanical 
integrity and adding an allowance 
for corrosion expected during the 
period for which integrity is 
required to be maintained.

to early failure? 

The long-term corrosion rates g
measured in experiments under 
relevant conditions are well 
below the reference values of 
0.01mm/y

Realistic corrosion  rates 
from long-term corrosion 
experiments (less than 
2μm/y).
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“Knowledge notes”

• Describe and record knowledge and information 
associated with individual arguments
• Evidence supporting warrants in model with note on its limitation, 

uncertainties etcuncertainties, etc.

• Knowledge relating to mapping between argumentation model and 
knowledge base

Ch i t d/ f id• Changes in arguments and/or use of evidence

• Provide indices for the argumentation case-base to 
facilitate future re-usefacilitate future re-use
– Keywords appearing in warrant and evidence

– Summary of related knowledge and information

– Argumentation scheme selected

– Critical questions that were activated to form further rebuttals

– AuthorAuthor

– Time of creation and use
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Video image of editing argumentation 
model with stakeholdersmodel with stakeholders
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Conclusions and a look to the future

Conclusions
• A KM approach based on argumentation models could 

facilitate SC construction by the implementer, review by 
th l t d i ti t th t k h ldthe regulator and communication to other stakeholders.

• Advanced KE technology can provide a solution to many 
of the challenges associated with the large flux ofof the challenges associated with the large flux of 
information contained in a SC, especially when set within 
the context of an overarching QMS.the context of an overarching QMS.

Future Plan
• A number of groups will be established to carry out a• A number of groups will be established to carry out a 

wider range of trial of argumentation modelling.

• A prototype of the entire JAEA KMS will be opened nextA prototype of the entire JAEA KMS will be opened next 
March.
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Thank you very much for your 
tt tiattention.
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