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I Radioactive Waste Management — General Considerations

» Addressing a national responsibility
> Building on international experience

» Many positive examples in the world

» Working with the public on acceptable solutions

» Considering host community well being

» Cost remains small compared to the value of energy

» Responsible management of long-term liabilities:

v A key enabler to sustainable nuclear energy production

v" Solutions exist!




Waste Classification and Disposal Options
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Geological Disposal — Some Recent News

Work begins on Swedish spent nuclear
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Work begins on Swedish spent
nuclear fuel repository
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Cumbria could be only option for
nuclear disposal

fan Duncan

c could be the-only area left in the seazeh for & new nuclear disposal sito,

councillors have boen

Cumbria could be only option left for
nuclear disposal site
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CANADA
Ontario site selected for nuclear waste underground
repository

By Allison Jones * The Canadian Press
Posted November 28, 2024 1:47 pm - Updated Moverber 28, 2024 5:53 pm - 5 min read

Ontario site selected for nuclear waste

underground repository | Globalnews.ca
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Press Release

Mayor and Council of the Township of Ignace Honoured to be
Chosen by the Nuclear Waste Management Organization
(NWMO) to Host Canada’s First Deep Geological Repository
Project (DGR)

The First of its Kind in Canada.

Press_Release_-_Township_of_Ignace_-

Wabigoon_Lake_Area_Selected_as_Host_to_ NWMO_D

eep_Geological Repository November 28 2024 pdf
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Nuclear Waste Is Piling Up. Does the U.S. Have a
Plan?

We needs a permanent national nuclear waste disposal site now, before the
spent nuclear fuel stored in 35 states becomes unsafe

BY ALLISON MACFARLANE & RODNEY C. EWING

Nuclear Waste Is Piling Up. Does the
U.S. Have a Plan? | Scientific American
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German nuclear phaseout leaves radioactive
waste problem

Finland: Posiva Prepares to Begin Spent Fuel

Finland's Posiva Oy plans to start a trial run disposing of spent nuclear fuel (SNF) in its Onkalo deep
geological repository in August and hopes to receit
2025, a company official told a Helsinki confex

Finland: Posiva Prepares to Begin Spent Fuel Disposal | Energy Intelligence
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I Disposal for ILW/HLW/SNF - Expertise and Confidence

Sweden (SKB) - Oesthammar Finland (Posiva) - Onkalo
Constructlon start 01/2025 - 2024 Cold Comm|SS|on|ng

France (ANDRA) Clgeo e
- Licence deC|S|on 2025 e

e
SW|tzerIand (NAGRA) NordI|ch Lagern
‘1 1/2024 Llcense appllcatlon

Cana'da'(NWMO)
“Positive” from finalist communltles

USA (DOE) - Carlsbad P

WIPP emplacing TRU waste since 1999 Germany (BGE) KONRAD

% - Preparing for commissioning (~2030)

Bl Advanced siting and
licensing stages

v" Significant international experience with siting, licensing, construction

v' Operation for ILW disposal

v' Cold-commissioning for spent nuclear fuel (SNF) disposal




I »>What are Major elements of a geological disposal programme?
»>What are the main decision points during a geological disposal programme?

International experience The “Roadmap” is well understood

= Initiation of Authorization for
High level a geological Initiation of Site selection for Authorization Authorization Authorization termination of
decisions disposal siting process further Investigations  for construction for operation for closure nuclear licence
programme
Phase o Siting Disposal Post-
Infation ite identificati Investigations Construction & closure*
Activities Site identfication i g i o Operation Closure
Roadmap for Implementing a and selection for specific site(s) commissioning

Geological Disposal Programme — =
Disposal programme management
Stakeholder involvement

Disposal system development (incl- R&D

Major elements

Underground research facility (URF) activil

[
Disposal implementation

* Responsibility may be transferred from the WMO to another organization

Roadmap for Implementing a
Geological Disposal Programme
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. Initiation of Authorization for
High level a geological Initiation of Site selection for Authorization Authorization Authorization termination of
decisions disposal siting process further Investigations  for construction for operation for closure nuclear licence

programme | ! ! ! ! !
Phase T Sltll"lg DISpOSﬂ| Post-
Initiatinn Site identificati Investigations Construction & closure*
Activities e identification B N ;
=l solclioe for specific site(s) commissioning Operation Closure

‘ Disposal programme management

Stakeholder involvement
Disposal system development (incl. R&D)

Major elements

Underground research facility (URF) activ

Disposal implementation

* Responsibility may be transferred from the WMO to another organization
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Investigation today

core drilled holes 2004 2014 2024

deep drillholes 28 57 58

tunnel pilotholes 1 25 35 =LA

shallow holes 39 513 651 L\ T3 e T

2017 canister locations
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Slide and graphics courtesy of Posiva — Used by permission



Final repository for spent nuclear fuel

“At a depth of 500 meters in
rock that is 1.9 billion years
old we intend to deposit
approximately 12,000 tons of

spent nuclear fuel in a final

repository.”
L s a2 =R _ ~ _, ~ . = 3 ’ i‘"s— : h‘"?'

Slide and graphics courtesy of SKB — Used by permission
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I Site Selection

IAEA Safety Standard SSR-5,

Requirement 15: Tectonic stability;

, , Seismicity; Vulcanism; Uplift . .
"The site for a disposal Resilience to climate change
facility shall be Pf/' Erosion; Ice loading; Sea level change
characterized at a level of
detail sufficient to support a
general understanding of
both the characteristics of
the site and how the site will

evolve over time. This shall m

. . \

mclucjg its present ]}lfg\:vya'\?ggotﬁem water ATy 10 d15DGTS0 Ga5 No potential fast
condition, its probable uncoupleg’fr(;m o pathways from
natural evolution and T repository to surface

possible natural events, and
also human plans and
actions in the vicinity that
may affect the safety of the
facility over the period of
interest”.
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Note: Not a complete global list -
more programmes are in Initiation
and early siting phase.

@,
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. Initiation of Authorization for
High level a geological Initiation of Site selection for Authorization Authorizati horizati ination of
decisions disposal siting process further Investigations  for construction for operation for cl lear li
programme * J’
Phase Siting Disposal Post-
Initiation *
suiti Site identification Investigations Construction & . closure
Activities and selection for specific site(s) commissioning Operation Closure

Major elements

* Responsibility may be transferred from the WMO to another organization

Stakeholder involvement

Disposal system development (incl. R&D)

Underground research facility (URF) activitie

Disposal implementation

Disposal programme management

ons Status in a few other programmes
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I SITING PROCESS - Multiple options for intermediate steps and decisions

- Initiation of
High-level | —— Site selection for Authorisstion  Authorisation Authorisation Authorisation for
decision disposal sitng process further investigations for construction for operaticn for closure termination of Nuclear licenca
rogramme
prog i 4 1 4 ¥ ¥
Initiation Siting Disposal
> : Post-closure
Congceptual decign and Sit= (s) identification Site {s) investigation Excavation Operation Closure
pieoning and location & alt
Commission Decommision

\-\‘

|
|
|
Identificaticn and evaluation Identdication and evaiuaiion identification and evaluation Detafed e
of search area (s) of favourabls area (s) of candidate site (s} characierisation
Decision regarding Decisicn regarding Decision regarding Drecision regarding

search area (s)

favourable area (s)

candidate site (s)

final site (s)

Modified from IAEA NW-T-1.40
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I Understanding relevant site properties — an iterative process

Site Investigations A requirements driven approach

B Understand the site properties that can impact
construction and operation.

Understand the site properties that can impact
the long-term safety of disposal.

Management of Site
Investigations for

ma O Understand the evolution of the site and its
Disposal Fecilies potential for future change.

For example:

The site descriptive model will consider evolutions over
long time scales and assess the probability and
potential consequences of disruptive events, such as
related to climate change, volcanism, tectonics and
seismicity.

Management of Site Investigations for Q Adequate if requirements are met
Radioactive Waste Disposal Facilities | IAEA '
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I Japan's Siting Process for Geological Disposal

OECD/NEA peer review 2016

Waste Management
Ja nZtlng Process

) for/the Geological Disposal
n International Peer Review

@))0ECD Cynea

https://www.oecd-nea.org/jcms/pl_15028/

Basis & Findings

Report on [..] Preferrable Characteristics [...] for
long-term stability (2014)

Report on [...] Criteria for Nationwide Scientific
Screening [...] (2015)

“[...] Stepwise selection process [...] and
scientific screening are consistent with
international practice”

“...] important events and processes were
properly identified[...]”

Probability for geodynamic events, such as near
volcanoes or faults, screened in “areas probably
unsuitable”
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Japan's pre-siting safety case based on a site descriptive model

OECD/NEA peer review 2023

Waste
NEA/RWM/R(2022)2
January 2023

The Nuclear Waste Management
Organization of Japan’s Pre-siting
Safety Case Based on the Site
Descriptive Model

An International Peer Review
of the NUMO Safety Case

@))0ECD Lynea

https.//www.oecd-nea.org/jcms/pl

/7138/

Findings

“The post-closure safety assessment methodology is well-
designed and informed by best practices and international
recommendations (NEA/IAEA).”

“The IRT considers this site investigation approach
reasonable and conforming to international best practices”

“At this stage, it seems reasonable to conclude that, based
on the provided documentation, deep geological
environments with favourable long-term characteristics
from the point of view of geological disposal could be found
in a range of locations in Japan.”

“The exclusion of geographic areas where potential host
rocks are deemed insufficiently stable to allow safety
functions to be maintained for a sufficiently long period of
time (i.e. of the order of 100 000 years for NUMQ'’s safety
case) is appropriate and consistent with international
recommendations.”
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IAEA developing technical guidance on

Siting Process for Geological Disposal:
Contribution of site selection criteria

Main Criteria groups

Post closure safety
Engineering conditions
Transport and logistics
Operational safety and security
Society — economic
Environmental conditions

Cost, funding and fiscal considerations

£)1AEA

Internationsl Atomic Energy Agency

DRAFT: Siting
Process and Site
Selection Criteria

Initiation of

_/l'

Phases

1
2
3
4
S
6
7.
=S

a geological Initiatbon of Site selection for Authorisation Authorsation Awthorisation A
disposal sitng process further investigations for construction for operation for closure terminaticn of Nuclear licencea
Bt — 3 & 4 3 + L 2 \‘/\/
Initiation Siting Disposal . —
— = . Post-closure TECHNICAL REPOHI’S
Concopbunl dosig a Site (s) identfication Site (s) inwestigation Excavation Operation Closure
nnnnnnn d location e &
o Coammis siom Decommision
_—'—‘-7——’—'_'_‘--
P
Identification and ewvaluaticn Identdficaiion and evafusiion identification and svaluation Detai=d sde
of search area (s) of favourabli= area {s) of candidate site (s} characierisation

+ +
D=cisicn regarding Dr=cision regarding Decisian
search area (s) favourable area (s)

regarding
o-andudarbe site {s)

Decision regarding
final site (s)
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I Examples of criteria specific to host rock properties and
long term (post-closure) safety

Criteria Sub-Group 1.1. Properties of the host rock and the surrounding rock

Criterion 1.1.1. Spatial extent and protection from surface impacts
Petrological variability
Rock mass properties
Distance to major tectonic features (such as faults and faulting)
Criterion 1.1.2 Hydraulic barrier effect of the host rock and the surrounding rock
Criterion 1.1.3 Geochemical / mineralogical conditions
Criterion 1.1.4 Transport pathways
Criterion 1.1.5 Thermal conditions
Criterion 1.1.6 Mechanical conditions
Criterion 1.1.7 Microbiological conditions
Criterion 1.1.8 Gas transfer (in the host rock)

..Draft developments...
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I General Public Perception? — A Negative a Priori

How to start the
conversation

- Long time scales to establish geologic disposal abOl{[ RadWaste?

Negative perceptions in part due to:

- Prior failures and restart of deep geological .
repository (DGR) programmes worldwide ‘

» Longevity of radiological hazard i
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| (©)1AEA EPPUNE project

Broad principles National
“Recognizing the situational nature of ‘
communication and stakeholder involvement]...]" Spectrum of involvement Regional |
Catalogue of experiences Local
IAEA Nuclear Energy Series DeSlgnlng a SOUﬂd process
L v No ambiguity on what decisions will be needed
~ Involvement
o, v’ Clarity on respective roles in decision process — national, regional, local

v Agreement on what decisions can be reversed and until when in the process

Social license — maintaining mutual understanding
Involvement process — decision process, flexibility
Political/Regulatory framework — sustained approach
Resources — basis for sound decisions

Community support — recognition

Catalogue of experiences

“Situational” implies =) from ~ 20 national
o Siple rEaipe disposal programmes

YV V V V V
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Roadmap for Implementing a
Geological Disposal Programme

IAEA Nuclear Energy Series

IAEA Nuclea
o116 -‘

Energy Series
N" 116

mmunication .
d Stal Local Stakeholder Experiences

with Radioactive Waste
Management Programmes

Establishing sound decision
processes

Responsible management
open to learning

v' Fundamentals — key principles

v’ Stakeholder engagement — an integral
part of the disposal programme

v Learning from the radioactive waste
management community

v' Learning from local experiences
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