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Background
* October 2015:
JGSC-17 Meeting” — Suggestion by Russian IGSC member

« Supported by Japan and Czech Republic
Canada, Finland, Sweden interested

* Proposal for CRC by NEA Secretariat
Review by IGSC Chair

* October 2016:
JGSC-18 Meeting” — Approval of Crystalline Club (CRC)

* December 2016:
Mandate 2017 - 2018 of the Crystalline Club
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Committee on Nuclear Committee on the Safety Radioactive Waste Committee on Committee on Radiological Nuclear Law Committee for Technical and Nuclear Science Management Board for the
Regulatory Activities of Nuclear Installations Management Decommissioning of Protection and Public Committee Economic Studies Committee Development, Application
CNRA CSNI Committee Nuclear Installations and Health NLC on Nuclear Energy Development NSe and Validation of Nuclear
Legacy Management CRoPH and the Fuel Cycle Data and Codes
Working Group on Safety RWMC CDLM Working Party on Deep NDC Task Force on Demonstration of Fuel Cycle MBDAV
Culture (WGSC) High-Level Group on Low Geological Repositories and |l Closure including Partitioning and
g § Nuclear Liability (WPDGR) Transmutation (P&T) for Industrial Readiness
R
egulators' Forum Dose Research (HLG-LDR)
Working Group on Inspection (RF) > by 2050 (TF-FCPT)
Practices (WGIP) Expert Group on International Working Party on the Legal ont et
o pon. Aspects of Nuclear Safet Working Party on International Nuclear Data Fusion (JEFF) Nuclear Data
Forum on Stakeholder (EGIR) : y H (EFF)
Working Group on Operating Confidence (FSC) (WPLANS) Evaluation Co-operation (WPEC) Library Co-ordination Group
Experience (WGOE) Expert Group on Recovery Working Party on Nuclear - Expert Group on the High Priority Request List for
Working Party on Information, Working Party on Management (EGRM) Liabilty and Transport (WPNLT) Ad Hoc Expert Group on the Estimation Nuclear Data (EGHPRL) N
Working Group on the Regula- H Data and Knowledge Management | Management and Organ- || of Potential Losses Due to Nuclear - Expert Group on the Recommended Definition of a
tion of New Reactors (WGRNR) (WP-1DKM) isational Aspectsof || |] Expert Group on the Dose Accidents, Liability Issues and Their General Nuclear Database Structure (EGGNDS)
- Expert Group on a Data and Information | | Decommissioning and Limit for the Lens of the Eye Impact on Electricity Costs (COSTNA)
Working Group on the Safety Management Strategy for the Safety Legacy M. (EGDLE) | Hoding Nm%n‘fgyzn:ﬂ:m? oiAcnced
H  of Advanced Reactors Case (EGSSC) (WPMO) Ad Hoc Expert Group on Climate Change:
- Expert Group on Knowledge == L{ Working Party on Nuclear Assessment of the Vulnerability of - Expert Group on Reactor Coolants/Components
\ for ive Waste Expert 9’°‘f‘9 Emergency Matters (WPNEM) Nuclear Power Plants and Cost of Technology (EGCoCaT)
Working Group on Digital Management Programmes and on Costing for ~Expert Group on Comparison (NUCA) - Expert Group on Fuel Recycling and Waste Technology
r| Instrumentation and Control Decommissioning (EGKM) zeg: ':’"::‘s:(:g:%:; and Understanding of Dose (EGFRW)
(WGDIC) - Expert Group on Archiving fr Radioac- H lypuony 2 Prognosis (EGDP) Eﬁgn}t:cniz‘:)?:h?;?eua‘: ‘ég ‘::n‘;‘r’a'; :r"“i’" - Expert Group on Advanced Fuel Cycle Scenarios
tive Waste Management Activities - Expert Group on Non- 1 i (EGAFCS)
m;“‘:d'::&“(“v&“s‘)’ and (EGAR) | Management (EGCOL) | i Public Health a Low-carbon Energy Future (COGEN) - Expert Group on Innovative Fuel Elements (EGIFE)
- Expert Group on Awareness Preserva- Working Party on Aspects of Radiation Emergency Wi
T : : h : : Expert Group on Advanced Reactor Working Party on Multi-scale Modelling of Fuels
‘Working Group on Public tion after Repository Closure (EGAP flechnical, Environmental Planving and Resporss (EGNR) H Systems and Future Energy Market Needs| H and Structural Materials for Nuclear Systems
Communication of Nuclear — and Safety Aspects - Expert Group on the Use of MM)
I R Expert Group o0 the Application of Decommissioning Real-time Platforms (EGRT) (ARFEM) (W
egulatory Organisations H of Robotics and Remote Systems in andLodac —— - Expert Group on Mult-Scale Modellng Methods (EGM3)
(WGPC) the Nuclear Back-end (EGRRS) M 4 wyPTES Expert Group on Uranium Mining and - Expert Group on Structural Materials Modelling
— | Management (WPTES) | Economic Development (UMED) (EGSMM)
Working Party on Boiling Water| Expert Group on Building EaoaitG Sl Mo o Pl EGALZE
Reactors (WPBWR) Constr DI Expert Group on e - Expert Group on Multi- ‘ae lodelling of ugs( )
onsticilve Disiogues hetween a Holistic Process for AdHoc Expent Group on Maintsining - Expert Group on Innovative Structural Materials (EGISM!
H Regulators and Implementers in Decision Making on L | Low-Carbon Generation Capacity thiough LTO
Developing Disposal Solutions for Decommissioning of Nuclear Power Plants: Economic, Technical Working Party on Nuclear Criticality Safety
Radioactive Waste (RIDD) and ot and Policy Aspects (LT0) (WPNCS)
Integration Group for the Safety Complex Sites (HDCS) -Technical Review Group for the Intemational Criticality
Case (IGSC) Safety Benchmarks Evaluation Project (ICSBEPTRG)
- Working Group on the Characterisation, ~Technical Review Group for the Intemational Assay Data
the Understanding and the Performance of Spent Nuclear Fuel Database (SFCOMPOTRG)
of Argillaceous Rocks as Repository
Host Formations (CLAY CLUB) L| ~ Working Party on Scientific lssues and
- Expert Group on Repositories in Rock Uncertainty Analysis of Reactor Systems (WPRS
Salt Formations (SALT CLUB) - Intemational Reactor Physics Experiments Evaluation
- Expert Group on Geological Reposi- Project Technical Review Group (IRPhETRG)
tories in Crystalline Rock Formations - Expert Group on Reactor Fuel Performance (EGRFP)
- Crystalline Club (CRC) - Expert Group on Reactor Core Thermal-hydraulics and
- Expert Group on Operational Safety Mechanics (EGTHM)
(EGOS) - Expert Group on Reactor Systems Multi-Physics (EGMUP)

June 2021

© 2018 Organisation for Economic Co-operation and Development

- Expert Group on Physics of Reactor Systems (EGPRS]
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Committee on Nuclear Committee on the Safety Radioactive Waste Committee on Nuclear Law Committee for Technical and Nuclear Science Management Board for the
Regulatory Activities of Nuclear Installations Management Jecommissioning of Committee Economic Studies Committee Development, Application
Committee Nu :lear Installations and on Nuclear Energy Development and Validation of Nuclear
CHRA A | egacy Management CRoPH BLG and the Fuel Cycle 150 Data and Codes
Working Group on Safety RWMC CDLM Working Party on Deep NDC Task Force on Demonstration of Fuel Cycle MBDAV
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Dose Research (HLG-LDR)
Working Group on Inspection - by 2050 (TF-FCPT)
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Case (IGSC) Safety Benchmarks Evaluation Project (ICSBEPTRG)
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Host Formations (CLAY CLUB) L| ~ Working Party on Scientific lssues and
- Expert Group on Repositaries in Rock Uncertainty Analysis of Reactor Systems (WPRS
Salt Formations (SALT CLUB) - Intemational Reactor Physics Experiments Evaluation
- Expert Group on Geological Reposi- Project Technical Review Group (IRPhETRG)
tories in Crystalline Rock Formations - Expert Group on Reactor Fuel Performance (EGRFP)
- Crystalline Club (CRC) - Expert Group on Reactor Core Thermal-hydraulics and
- Expert Group on Operational Safety Mechanics (EGTHM)
(EGOS) - Expert Group on Reactor Systems Multi-Physics (EGMUP)
- Expert Group on Physics of Reactor Systems (EGPRS

June 2021

© 2018 Organisation for Economic Co-operation and Development
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Background

« Composed of technical experts with experience in evaluating or
reviewing the understanding of crystalline rock as host rocks for
deep geologic disposal projects

e Started with 20 members from 6 member countries, now CRC has
41 members from 11 member countries

© 2018 Organisation for Economic Co-operation and Development
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CRC Bureau Composition 2021

Chair: Judith Fligge (GRS, Germany)
Co-Chair: Lukas Vondrovic (SURAO, Czech Republic)

Vice-Chairs:

Sarah Hirshorn (NWMO, Canada)

Motoyuki Yamada (NUMO, Japan)

Alice lonescu (RATEN, Romania)

Vsevolod Igin (NORAO, Russian Federation)
Tiziana Missana (CIEMAT, Spain)

Florian Kober (Nagra, Switzerland)

Paul E. Mariner (Sandia, USA)

Olli Nummi (Fortum Power, Finland)

© 2018 Organisation for Economic Co-operation and Development
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German CRC Members (June 2021)

BMWi. Sabine Mrugalla, Annika Schéafers
PTKA: Michael Blhler

BASE: Ute Maurer-Rurack

BGE: Matthias Bauer (Sarah Cichy)

BGE TEC.: Christian Mtiller

BGR: Axel Weitkamp

GRS: Judith Fltgge

HZDR: Vinzenz Brendler

KIT-INE: Francesca Quinto

Uni Jena: Thorsten Schafer

© 2018 Organisation for Economic Co-operation and Development
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BETTER POLICIES FOR BETTER LIVES

Aims of Crystalline Club

* Promoting the exchange of information on approaches, methods, methodologies and
technologies in order to understand the characteristics of crystalline rocks and to use
their advantages to host a repository.

« Developing and exchanging information specific to certain geological media among
countries currently pursuing or considering crystalline rock as a candidate deep
geological repository medium.

* |dentifying areas of interest for fundamental research, i. e. where understanding is
Incomplete or improvements are required,

« Developing reports and expert recommendations
* Promoting common project and task groups within CRC club, and

« Communicating identified topics of common interest and/or exchange with other
working groups or international projects.
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Communication & Outreach

* New NEA Website launched: www.oecd-nea.org

 Including news items Diia wansformain
. . challenges for the

« Publications and reports; newsletter muclear sector

Social media v B €3 WwilD Deep geological repositories in -

crystalline rocks

I N eWS 266 Published date: 31 March 2021 ’
news items Crystalline Club (CRC) Crystalfine rock Deep geological repository (0GR) N .. J

() SEE ALL IN THIS CATEGORY

Read the latest news, updates and an- NEA conducts virtual missions to
nouncements from the NEA. Canada, Japan, the Russian Federation
and the United Arab Emirates (UAE) in
August 2020
Mitigating the psychosocial impacts of
& community engagement and

£y  NEAatwork "
NEA

resilience during radiation emergencies

OECD Nuclear Energy Agency

Advanced thinking on nuclear energy
International Affairs - Boulogne-Billancourt - 12,311 followers

" Ichiro works here - 115 employees
v Following Visit website &

Home About Posts Jobs People Videos

() SEE ALL IN THIS CATEGORY

Discover the full list of NEA publications and Unlocking Reductions in the

reports. Construction Costs of Nuclear
Specifications for the Generalised
Nuclear Database Structure (GNDS)

About

NEA membership consists of 34 countries representing 82% of the world's installed nuclear electricity generating
capacity. The mission of the NEA is to assist its member countries in maintaining and further developing, through
international co-operation, the scientific, technological and legal bases required for a safe, environmentally sound an...
see more

There is a strong scientific consensus that deep geological repositories are a safe

See all details

© 2018 Organisation for Economic Co-operation and Development
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Plenary meetings

« 1st CRC meeting: 5-6 December 2017, Prague,
Czech Republic

— Country Programme and R&D status
— Development of PoOW
— Site tour: Bukov URF visit
« 2nd CRC meeting: 13-14 June 2018, Mizunami, Japan
—Mandate and programme of work for 2019-2020

— Topical Session: ,Process comprehension using
underground research laboratory (JAEA)":
fracture evolution, characterization, modelling

— Site tour: Mizunami URL




@) OECD Nuclear Energy Agency AYNEA

TTER POLICIES FOR BETT!

Plenary meetings

e 3rd CRC meeting:
25-27 June 2019, Krasnoyarsk, Russian Federation

— Topical Session:
,Data acquisition, processing and management for
model development”

— Site tour:
Zeleznoghorsk URL construction site

» 4th CRC meeting:
01-03 June 2021, Online

— Topical Session:
,Comparison and evaluation of the transfer of data
for the compilation of both descriptive and SA models”
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Aim of Program of work (2019) 2021 — 2022

« Comparison of the different safety assessment (SA) approaches in CRC
member countries

 Improving the reliability of the crystalline host rock environment safety
assessment process

* |dentification of the crucial parameters of the crystalline host rock environment
and the requirements for the development of siting and design criteria.

© 2018 Organ n for Economic Co-oper and Development
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Steps of PoW (2019) 2021 - 2022

1) The identification of the key data to be obtained from crystalline rock
environments (the geosphere) that are relevant to the safety assessment
Process;

» addressed during CRC-3 (Krasnoyarsk, Russia, 2019)

2) The comparison and evaluation of the transfer of data for the compilation
of both descriptive and safety assessment models; and
» addressed during CRC-4 (Online, 2021)

3) The identification of requirements for the development of siting criteria
concerning crystalline host rock environments and the definition of the

main parameters of crystalline host rocks that are of crucial importance for,

and exert an impact on, the safety evaluation process.
» to be addressed during CRC-5 (Dresden, 2022)
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Step 1 of POW (2019) 2021 - 2022

Topical Session:
“Data acquisition, processing and management for model development”

Topical Session Chair: Vaclava Havlova

Aims:

* The identification of the data to be obtained from crystalline (magmatic and
metamorphic) rock environments (the geosphere) that is relevant to the
safety assessment process and the development of an R&D strategy.

« Evaluation of data necessity (in term of complexity) in different stages of the
site selection process applicable for CRC countries.
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Step 1 of POW (2019) 2021 - 2022

1) Kunio Ota (NUMO): “Data acquisition requirements driven by international perspectives”
Systematic approach in different stages of siting process

2) Andre Vorauer & Sarah Hirschorn (NWMO): “Geoscience data availability, use, and
assessment of relative suitability during early stages of the site selection process”

How to integrate different and incoherent desktop data into consistent site evaluation

3) Sung-Hoon Ji (KAERI): “Data used in developing a safety case of the conceptual disposal
system by KAERI*
How to predict system evolution based on generic data from URL site

4) Liang Chen (CNNC): ,Data collection and management system for geological disposal in
China and its application in the site selection®

How to clearly collect data and put it into one consistent database

5) Vaclava Havlova (UJV Rez): “Site-specific data constraints for preparation of safety
assessment models: Example from safety assessment of Kravi Hora site, Czech Republic”
Comparison between desktop data and initial data from field
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Step 1 of POW (2019) 2021 - 2022

Panel discussion:
Requirements towards data in different steps of site selection

Data should be:
* |nitial screening: general, reliable, representative

* Preliminary assessment (site selection): systematic, quantitative, deep,
equivalent/comparable

» Detalled site evaluation (confirmation): detailed, comprehensive, quantitative,
dynamic, persuasive

© 2018 Organisation for Economic Co-operation and Development
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Step 2 of PoW (2019) 2021 - 2022

Topical Session:
“Comparison and evaluation of the transfer of data for the compilation of both

descriptive and SA models”
Topical Session Chair: Elena Saveleva

Aims:
 Description of procedures employed for the transfer of both the relevant data
and the results of the descriptive models to the SA models,

 while taking into account the various advantages and disadvantages, the
accuracy of the data obtained and the associated uncertainties.
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Step 2 of PoW (2019) 2021 - 2022

1) Véaclava Havlova (UJV Re2): “Identification of the key data to be obtained from crystalline
rock environments (the geosphere) that are relevant to the SA process”

2) Toivo Wanne (BGE Technology): “Key aspects of safety concepts in crystalline host rock®
3) Goto Junichi (NUMO): “Data integration & development of SDM for plutonic rocks in Japan®
4) Teresa Portone (SANDIA): ,Fracture statistics and integration into computational models *
5) Jung-Woo Kim (KAERI): “Safety assessment models used in South Korea”

Results are currently being summarized:
» Upscaling fracture permeability

» Use of FEP in SA modelling

» Uncertainties
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15T CRYSTALLINE CLUB WORKSHOP

« 11/18/25 March 2021(16 April 2021)

« “Research methods and modern measuring equipment used for site and rock
characterisation”

» Part of CRC PoW 2021 — 2022

* Intended outcome:
Presentations on and discussion of fault characterization in crystalline host rock,
Including geophysical/geotechnical methods for determination of the location
and dimensions of fractures and faults.
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INTRODUCTION KEYNOTE

« Johan Andersson (SKB, Sweden):
“Feedback from Safety Assessment on what is important to characterise”

* Dr. Andersson provided information in following points:

v  Assessment of post-closure safety.
v’ Safety function and requirements.
— repository should have multiple safety functions.

v Key safety characteristics of the geosphere and of
crystalline rocks.

v’ Key factors affecting safety of KBS-3 design.

© 2018 Organisation for Economic Co-operation and Development
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FAULT CHARACTERISATION

« Chair: Eiji Sasao (JAEA, Japan)
« Aim: Describe two different techniques in different scale
applied in crystalline rock in early stage of siting of DGR

e Two scales:

— Zita Bukovska (SURAO, Czech Republic): <
Regional scale characterization - Analysis | -
and interpretation of Digital Terrain Model -

—Elji Sasao (JAEA, Japan): Site scale
characterization - Geological

(-60~-502] G\ [E
: [}

Investigations and hydrogeological T

Hydraulic pressure before URL
excavation (2003.7) (EL.m)
Hydraulic pressure after URL
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[Drawdown (m) ]

ey 002




@) OECD Nuclear Energy Agency Ly NEA

BETTER POLICIES FOR BETTER LIVES NUCLEAR ENERGY AGENCY

GEOPHYSICAL IN-SITU MEASUREMENT

- Chair: Luka$ Vondrovic (SURAO, Czech Republic) e
. Aim: Describe two different techniques applied in crystalline - s w / | @
host rock in different stages of site DGR development g é_ ﬁ |

« Two scales: i c‘? 14
—Aaron DesRoches (NWMO, Canada): & i [oF
Small scale characterization f _{ |
(borehole geophysics) L

—Hartwig von Hartmann (LIAG, Germany):
Regional scale characterization
(geophysical seismic exploration)
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HYDRAULIC IN-SITU CHARACTERISATION

« Chair: Judith Fligge (GRS, Germany)

« Aim: Application of different exploration techniques and
transfer of collected data into models

* Field scale fracture characterisation:

—Pat Dobson (LBNL, USA):
Case study (borehole) — integrated
fracture characterization and transfer
to DFN models

—Jere Komulainen (Posiva, Finland):
New technique to characterize

(single) fracture flow and application
to modelling and DGR construction

© 2018 Organisation for Economic Co-operation and Development
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SUMMARY

Fractures are key safety characteristics of the geosphere and of crystalline rocks.
Different methods for fault characterization are available

—Field scale to lab scale

— Different questions require different methods

Challenges:

— Characterization of bulk data vs. single fracture data

— Integration of results into models

—Uncertainties

New developments are addressing some of the open issues.
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Summary & Outlook

 Member states in different stages of the siting process
 Main issues of common interest:
* In-situ characterization of fractured rock

« Handling discontinuities in (hydrogeological) models and integration in SA
models

* Dealing with uncertainties

« CRC-5: 2022, Germany

 Topical session (tentative): Identification of requirements for the
development of siting criteria and the definition of the main parameters that
are of crucial importance for the safety evaluation process
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NUCLEAR ENERGY AGENCY

Thank you for your attention!

Gefordert durch:

% Bundesministerium
fiir Wirtschaft
und Energie

aufgrund eines Beschlusses
des Deutschen Bundestages

FKZ 02E116178/02E11647

https://www.oecd-nea.org/rwwm/crystallineclub/
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