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Safety case support by the JAEA KMS @

« Structure knowledge according to the logic sequence of the

“Safety Case”
Provide for the abilities

» to 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

management technology (expert systems, artificial

intelligence, neural networks, web-based agents and bots,

etc.)
Safety Case

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
Sit ifi fet through intermediate
Ite-specirtic sarety cases SC reviews
H12 SC =Y SC for PIA ‘ SC for DIA =Y SC for site = SC for - SC for
generic selection selection selection licensing closure
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Changes: Changes: Total synthesis: Total synthesis:
« technical « technical « technical « technical
Synthesis of * regulatory * regulatory || « regulatory === | « regulatory
* site understanding * socio- * socio- ) * socio- * socio-
« site-specific design economic economic economic economic
« state-of-the-art system T 1\ 4

understanding

b Evolution of JAEA KMS
Reg“'la‘wry constraints: < - support both implementer to make the safety cases
» goals - T . .
- Bercng serellams and regulator to review them by providing intelligent
(e.g. timescales, tools for:
treatment of special esite characterisation planning and implementation
SO «development of repository design tailored to site
Socio-economic BCs: * site-specific and realistic safety assessment
+ acceptance * step-wise integration of all relevant information into
« financial constraints the safety case

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

Central role of argumentation modelling @

Overarching QMS
/ Arguments based on knowledge \

Safety strategy (Claims) ~  ~ === = =22225 - = = k“Estlakc)inshgd"
1 nowledge-base

Knowledge
———————————— production/use cycle

- Warrant based on
established knowledge

|:| Warrant based on working
hypothesis

® Rebuttal
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Overview of argumentation support

Supporting tool for Constructing

*Supporting argument development using a

ARgumentation models with Associated

simple point-and-click interface

knowledge-Base (SCARAB)

*Storing existing argumentation models in a Argumentation
case-base, allowing users to keyword Diagram Editor
search cases similar to the one at hand / [}

*Recording all the revisions made to each ( - )
argumentation model, with comments P | Inference Engl'ne -Knowledge extraction
explaining the reason for changes n | forargumentation | . consistency check

*Supporting discovery of new rebuttals by modeling
using “deep” knowledge of the safety case o
ctrlictire! SR -Example of similar warrants

*Link with groupware that provides a el e SIS

collaborative internet working environment NIt o N S ML [ CREE S

opinions of
stakeholders

\_

Knowledge Network Argument Case-base

Common Utilities

conmuny | [oniedge | | P |
Support Tool Support Tool " Cross link with

) background

— Interaction Support knowledge

Function
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Al: Argurnentation based on fundamental lavs of science
AZ: Argurnentation based on accepted principles
A3 Argurnentation based an exclusion criteria
B1: Argurnentation based on experirmental data

BZ: Argumentation based on fundamental models

B3 Argurnentation based on empirical models

B4: Argumnentation by analogy

BS: Argurnentation by interpolation

BE: Argumnentation by extrapolation

B7: Argurnentation by expert judgement

<1: Argurnentation of conservatism

©2: Argurnentation of cormpletaness

C3: Argurnentation of robustrness

D1: Argurnentation based on cormron understanding
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Screen-shot of argumentation diagram editor
(claims from the top level) -

File  Argumentation Scheme
-
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Geclogical disposal could be implemented at this site Geological diposal can be implementad safely Geological disposal at the site will be safe Safety is assured at each step of implementation ml
st the site without inducing unacceptable 2nd sfter dosure of repository
enviranmenta| ing
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Safety assessment is carried out in  reasonable

Geological disposal could

be implemented at this site.

based on 3 safety
strategy
Geological disposal can be z

Safety assessment context i consisten with site

implemented safely at the charactarization and design/znginearing

site without inducing u L] &l a
Geological environment st the site is Geological enviranment is stable on
unacceptable environmental [ suitable for geological disposal [ 2 time scale appropriate to safety goals

impacts. 5l

a
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(51}
Site characterisation and site selection ars
cartiec out in a rigoraus manner
within a vell-defined programme

= =] (=]
Repository and EBS sre designed in 3 strict manner Repository and EBS sre designed to sshieve
with well-defined design rational safaty goals for both pre- and post-clasure phases

taking inte account trade-offs
Repository and EBS are &l
designed in a strict T heare vith soaiabie mchrag

manner with well-defined i
design rationale.

itary are

Construction eperation = of repositery
can be carried out 53 nner r

that assures safety, post-closure phase
= .
Resulations for anviranmental protection are <atsAANC e 1Ll g C 1 (e WS 13 1)
| B u designed to achieve
@eological disposal at the site is justifiable Procadure of implementing geclogical disposal -
R [t the site masts rasulators reauirermants safety goals for both pre
W and post-closure phases. -
Adequate consideration is given to issues associated
with the post-closure phass
)
Geological disposal at the site is finacially justifisble
= =] &)
There exists adequate programme Remasining issues are identified in a comprehensive
far resolving remaining issues ranner
=
Strategies to deal with remaining issues are well
definad and structured into an effective programme
@
Resources are available to implement s/l required I
R.D & D activities to support the project =
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Screen-shot of argumentation diagram editor
(claims from the top level) :

T Argumantstion Schams
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Safety is assured at each Adequate protection

step of implementation measures are taken based
and after closure of on well-defined safety
repository. strategy.

The longevity can be specified by 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.

Safety functions of

ssee raquied whtar desurs st rapesnony

repository and EBS stated
in safety strategy are
assured.

Containment stated

Safety functions
required after closure of
repository are assured.

in safety strategy is
assured.

4 in arsured




Screen-shot of argumentation diagram editor
(argumentation model) @
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Fila  Argumentation Scheme
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Could passivation be lost leading to early failure?  L———The carbon steel is
under the buffer en

CQU; Is the experimental systemn relevant to that consiered in the repository?

CQ2; Is the experimental dataset rigorons and guality assured?

CQ3; Are there any contradictory experimental data?

. X N " o
Could corrosion rate CQ4; Ae the bomdary conditions well enough esteblished for the application considerec

increase with time leading CQS; Are there any critical or Tequited for its

€L, s the argument of precedence strictly or the specific cass eonsidered?

©Q2; e there any counter examples that
©Q3; How good is the extrapolation fror

The longevity can be specified by

t a5 precedents?

COf;, What are the errors and uncertainties associated with the data nsed?

determination of an overpack to early failure?
. . Passivation behavior test data in contact with bentonite
thickness needed for mechanical
integrity and adding an allowance T = B
for corrosion expected during the —:Z:Ldf;c;:rls’mn rate increase with time leading to EXEE B 'EerE on
period for which integrity is j‘ e
required to be maintained. ] cQt; tern relevant to that considered in the repository?
q The long-term corrosion rates ©Q2; Is the experimental dataset rigorous and guality assured?
measured in experiments under £03; Ae there any contradictory experimental date?
relevant conditions are well ©Q4; Are the boundary conditions well enomgh established for the applisation considered?
below the reference values of CQS; Are there any critical simplifications or assumptions required for its application?
0.01 mmly CQf; What are the errors and unsertainties associated with the data used?
Realistic corrosion rates obtained fram long-termy corrosion experiments (less than zpmiy), | =
[+]
Could early failure occur due to stress corrosion
[—cracking?
Realistic corrosion rates
a N
Could early failure aceur due to hydrogen from I_ong-term corrosion
[—embritlement cracking? experlments (Iess than
2umly).
Could eay failure occur becausze of t
[—dus to rezidusl oxygen in the dosed rapositary?
o
EZD
It has possibilities that the corrosion will be
‘Lc(e\ava!ed dus to the micrabes -
I 0|
+ £ =B 0HESE L T 8 100 [ %
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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, etc.

* Knowledge relating to mapping between argumentation model and
knowledge base

» Changes in arguments and/or use of evidence

* Provide indices for the argumentation case-base to
facilitate 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
— Author
— Time of creation and use
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Video image of editing argumentation@
model with stakeholders -

‘Walcom:
Tour hama -
i
Language English -
oK
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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
the regulator and communication to other stakeholders.

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

Future Plan

* 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 next

March.
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Thank you very much for your

attention.

14




