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Analogues in the NUMO safety case

B NUMO published “The NUMO Pre-siting SDM-based Safety Case”
(hereafter referred to as the NUMO-SC) in 2021

Structure and contents of NUMO safety case

'Chapter / '
» NUMO has developed

multiple lines of evidence,
which includes natural
analogues, to build the safety
case.

» The long-term safety of
geological disposal will be
demonstrated in a logical
manner by way of a “safety
assessment”, together with
“supporting evidence”, such
as that provided by natural
analogues, that will
reinforce/support the

‘ assessment results.
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Purpose and context of the safety case in the pre-site selection stage
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Synthesis of arguments into the safety case and plans for the next stage

Description of lines of argument and key findings in terms of the purpose and

context of the pre-site selection stage

Site selection, preparation
R&D planning, etc.
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Supporting arguments from natural analogues

B Analogues supporting the long-term safety of geological disposal
(Chapter 7 in NUMO-SC and its supporting report “SR 7-5")

€ Example of NA arguments supporting long-term geological stability

» In Tono uranium mine, uranium ore has 320 O N  |2¢° SetoGroup
been preserved in Neogene sediments 2001 o o | Mizunami Group

280
for about 10 My despite the uplift, erosion, ~ 2eo}

sea-level changes and fault activity. 220l Pa
> This is explained by a stable 2001 AL A ¢

hydrogeological setting in which pH and 160 |

reducing conditions are buffered by 20

interactions between water, minerals and 100"

. 100m
microbes. Cross-section of the Tono uranium mine [Sasao et al., 2006]

E Oidawara Formation
E Akeyo Formation

Hongo Formation
II] Toki lignite-bearing Formation

i B Toki Granite

| g uranium ore zone

depth (m)

€ Example of NA arguments supportlng EBS barrler roles

> Volcanic glass within Japanese éﬁayh Sy 8 SRR TR
argillaceous rock similar to compacted Rargilaceous rock S e g A hand specimen of
bentonite was observed. @ o volcanic gla the argillaceous rock

> No dissolution or precipitation of andesitic = ... & &, including volcanic
glass has been observed. B “3 % glass shards in the

> Furthermore, EPMA has_not detected any | “§i# % Ontadai Formation.
leaching of elements from the andesitic | £ (Kamei et al., 2000]
glass (Na, K, Mg, Ca, Al, Si, Fe, and Ti).

NUMO

P2



Lessons learnt from existing natural analogue in NUMO-SC

B Overall, natural analogues support the main conclusions regarding the
high isolation potential of a robust system of engineered barriers located
In a suitable deep geological setting in Japan.

B However, these analogues also highlight limitations in their applicability
to the safety assessment of the repository system—particularly due to
overly simplistic representations of hydrogeology and the assumption of
thermodynamic equilibrium.

B These limitations will constrain their application in comparing different
sites and associated repository concepts, as will be required as the
NUMO programme advances.

— Therefore, the following items are important:

v' Expanding analogue studies to cover components of the repository
system

v' Expanding analogue studies to include those representing specific
geological environments in Japan
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Natural Analogue Workshops 2023 & 2024

B To further leverage insights from analogue studies, NUMO hosted NA

workshops twice, in 2023 and 2024.
- Objectives

@ Integration of state-of-the-art knowledge from analogue studies performed by
universities, research institutes and private companies.

@ Expert discussion on how analogues can be applied to future updates of the
NUMO safety case and how they can be used for communication with a wide
range of stakeholders to further improve confidence in the geological disposal
system.

@ Strengthen links between experts within the research network involved in analogue
studies in Japan.

- Discussion themes
(M Construction of an analogue study database

@ Application to verification and validation
(V&V) of models

® Improvement of public communication skills

@ Strengthening complementary
considerations for safety case reliability

Photo of group discussion in NA workshop in 2024
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Key messages of workshops for NA database

B Through discussions in NA workshops, NUMO has identified challenges
to address going forward.

€ Analoques from researcher’s perspective

v Integration of case studies with FEPs (Features, Events, and Processes) and
design requirements to facilitate usability and ensure consistency checks

v" Development of a sustainable update mechanism, possibly supported by Al tools,
to effectively capture information from technical papers

€ Analogues as tools for dialoque activities

v" Providing syntheses that avoid complex terminology and incorporate visual
materials to help communicate relevance to deep underground environments and
vast timescales (up to millennia or beyond), serving as a basis for narrative-based
communication of scientific understanding to non-specialist audiences

€ Analoques as tools for human resource development

v' Development of a communication platform aimed at encouraging participation from
young researchers

v' Expansion into new research areas (e.g., climate change impacts on coastal sites,
amber as an analogue for industrial resins, etc.)
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Outline for a NA database

¢ Aim

geological disposal system

€ Design concept of NA databases

-[ Data base for improving technical reliability ]

(Target) Experts who search for analog case
suitable for demonstrating the rationale behind

safety assessments

Components of repository

3€0ICENNT 1y draulic plugs - Backfil armaenn || @ |
t —
e from EBS by

Safety function
aaaaaaaa

+  Low migration rate due to
slow ground water flow . Coloida | et Inhibit
+ Sorptio ofRNs I

ﬂwp el

FEPs
(Integrated FEP) ,‘
| Th rm\ H Resa ural mnf |

recipitation

Natural analogue

Expand analogues to specific physical and chemical processes that occur in

Expand analogues as tools for communication with a wide range of stakeholders

Because the required information differs, we are developing separate databases:
one to improve technical reliability and another to support dialogue with stakeholders

-[Data base for improving dialogue activities ]+

(Target) Experts who search for analog case to
support communication with stakeholders

v Analog case studies covering the entire

disposal system
(e.g., the natural nuclear reactors at Oklo)

v" Intuitively easy-to-understand analog case

studies

(e.g., stag beetles
preserved in geological &
formations for about &=
2,500~2,800 years)

[Archaeological Institute of Kashihara, 2011]
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Outline for a technical NA database

The database framework is the linkage of analogue cases to features, events, and processes
(FEPs), which describe the characteristics of each component of the repository that may be

relevant to its safety function (Feature), the events that affect these characteristics (Event), and the
process of the repository’s evolution over time (Process).

Components of repository

AEREEIED ‘ Geplogll Hydraulic plugs - Backfill Overpack
as a whole environment
Safety function
Low migration rate due to * Umkrelsase from EBS by
slewapundedertiog + A voiding tunnels acting as advection
.. g short-circuit flow paths » Colloidal transfer inhibition
Sorption of RNs
FEPs
(Integrated FEP)
Thermal Re-saturation/ Water P?g’;g::g;?onn Microbial mediated
processes Desaturation chemistry rheniical.alibmaton processes
Natural analogue

NA NA NA JJ
A # e # L (Effects of high < s (Interaction between LR
temperature (effects of ellclinity) iron-bentonite
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The NUMO FEP list

B In order to assess changes in the THMC state for each component FEPs (Features,
Events and Processes), a specific FEP list (termed the “NUMO FEP list”) was
created to reflect repository designs in the specific geological environments
considered based on the latest scientific and technical knowledge.

{ NUMO FEP List ) 284 items

——>{ Prerequisite FEPs | 35 items (construction, properties of waste, stress state before
construction, ...)

———>{ RN migration FEPs | 44 items (Advection, diffusion, sorption and desorption, ...)

—>| THMC state change FEPs 105 items (Seismic activity, volume changes in materials, ...)

> Coupled FEPs of THMC state changes 14 items (Influence of thermal and hydraulic
processes on other processes, ...)

—>| Biosphere FEPs | 63 items (water sources, food chain and uptake of RNs, ...)

———>| Human Intrusion FEPs | 16 items (Drilling activities, mining and other underground activities, ...)

———>{ Quality assurance FEP | 1 item (Quality assurance and control)

———>| FEPs excluded on a case-by-case basis 6 (meteorites and cosmic debris, criticality, ...)
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Mapping analogues to GDF system with FEPs

This framework will consolidate
scattered information from NA
studies by linking cases to
FEPs and design requirements,

Analogue FEPs Safety functions
/Requirements

* Example of engineered
barrier / buffer

Retardation of RN due to
sorption, matrix diffusion

Safety function

NUMO

thereby facilitating their use and Relate analogues Analyze the impact on each
enabling consistency checks. and NUMO FEPs o2 S iyncHon trom 0
Analogue
database
State variable State variable

Mineral
composition

Corrosion

pH conditions

Concentration of disturbing
substance (repository)

Creep

‘ REDOX condition
Pore water \_,\
composition

State variable NUMO FEP list ]
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Database No.

Titl Analogue database format (draft ver.)

Subtitle

Relationship between the research site and the
geological disposal system

Application of the knowledge
(Repository as a whole or name of components of repository)

Related design requirements

Related FEPs

Questions addressed in this report

Area of research (key words)

Research contents

Information of Location

investigation spot Primary minerals

Influence on primary minerals

Spatial scale

Time scale

Analysis items

Main results

References cited

Relationship between the research site and the safety
functions of geological disposal system

Whether the information is presented as a NA? (Yes or No)

Key viewpoints related to safety of DGR

Differences from the environment of disposal system

Reference information

References for related experiments

Database No. of related NA
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Database No.

Titl Analogue database format (draft ver.)

Subtitle  \~~_

Database No.
Title:
Subtitle

 The main title refers to categories that compile information on the relevant
components and FEPs
 The subtitles are labeled according to each investigation site
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Analogue database format (draft ver.)

-
e
Relationship between the research site and the
geological disposal system

DN

;

Application of the knowledge

(Repository as a whole or name of components of repository)

Related design requirements

Related FEPs

Questions addressed in this report

/ AN

Relationship between the research

site and the geological disposal
system

Application of the knowledge
(Repository as a whole or name of
components of repository)

Related design requirements

Related FEPs

Questions addressed in this report

« Enter the information required for structuring the database
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Area of research (key words)

Analogue database format (draft ver.)

e T

Area of research (key words)

cases

« Key words for classification according to the characteristics of analogue

NIV
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Analogue database format (draft ver.)

Research contents Information of Location
investigation spot Primary minerals

Influence on primary minerals

Spatial scale

Time scale

Analysis items

Main results

References cited

«  Summary of the content described in the cited references
><Note: Except for the yellow group, the information does not necessarily
correspond directly to the content described in the cited references

NIV
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Analogue database format (draft ver.)

Relationship between the research
site and the safety functions of
geological disposal system

Whether the information is presented
as a NA? (Yes or No)

Key viewpoints related to safety of
DGR

Differences from the environment of
disposal system

disposal system

« Indicate the relationship with the safety functions of the geological

N

Relationship between the research site and the safety
functions of geological disposal system

Whether the information is presented as a NA? (Yes or No)

Key viewpoints related to safety of DGR

Differences from the environment of disposal system
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Analogue database format (draft ver.)

Reference information | References for related experiments

Database No. of related NA
* Information on other related investigation sites

L

Reference information References for related experiments

Database No. of related NA
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Sample of NA database sheet
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Kamei,G., Yusa,Y. and Sasaki,N.(1992) Natural
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NAEFRL TS A

©

Eih & H
sy 2
T 4hEDR

ReEIRHbI TR R

EFFROEYEYOFA A A 54 LT 3 Y
LB BERT —LEENsTREE NS
WTREINERINE S BFTES,

= M3 AT LEDEER

: HE(D?HW L/ UL S BRI BED > b
C EBAHEWEBELLRE TR L TL1 3 2 bED
s BEEOCHE I MENSEETEES NS & Y

BIET 2R ICHT 385X

v Continuous updating of the

database

v' Evaluation of database

usability

v Configuring the system to
enable interactive retrieval of
analogue database information

using Al

v’ Setting keywords with a view
to publishing on the internet
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Conclusions

= A natural analogue (NA) database was designed to promote
the utilization of existing analogue cases.

= A foundation was established for accumulating cases in a
consistent format, including the classification of analogue
cases using FEPs and the organization of descriptive items
to clarify their relationships with the disposal system.

= To further enhance the applicability of natural analogues,
future efforts will focus on refining the database structure in
greater detail, as well as improving the usability of the
database format.
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Thank you for your attention




