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AlES HE (Deep Geological Disposal)

Centennial KIGAM, Passion &
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» Geological disposal involves isolating radioactive waste deep underground, inside a suitable
rock volume to ensure that no harmful quantities of radioactivity ever reach the surface

environment.

» jsolating the radioactive waste in sealed vaults and tunnels deep underground,
between 200metres and 1000metres below the surface

= containing the radioactivity while it decays naturally over time

= preventing radioactivity from ever reaching the surface in levels that could cause harm
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&7: Simon Norris(2017)

&E*1: GDF (Geological Disposal Facility) - GOV.UK (www.gov.uk)
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EC?DHX?:KMQN Belgium (Boom clay): ANDRA, France
Examples: KBS3-V, Sweden (crystalline): AECL Canada : == = SAFIR-2 (gmvussms'gm m{'ﬂﬂ“‘"&'@m Examples: KBS3-H, Sweden Examples: ONDRAF, Belgium (Boom clay) Exomples: NUMO, Japon (preliminary)
(crystalline): PNC/INC Japan (open) Concept 2: In-tunnel (horizontal borehole) with long-lived et = c 6: In-tunnel (axia) with
. . . or short-lived canister. Concepts 3 and 4: In-tunnel (axial) with long- and short-  Concept 5: In-tunnel (axial) with supercontainer (smallan-  Concept 6: In-tunnel (axial) with supercontainer (concrete . Concept 7: In-tunnel (axial) with supercontainer (large an-
Concept 1: In-tunnel (vertical borehole) with long-lived or lived canister and buffer (bottom, disposal in salt witha  nulus). buffer). nulus).
short-lived canister. salt backfill).
Table 11T

The 12 Generic Concepts

Key Feature | Variants

In-tunnel Vertical borehole
(borehole)

Hori 1harehiol
F

In-tunnel (axial) |Short-lived canister

Long-lived canister

In-tunnel (axial) |Small working annulus
with supercon-

: hsup Small annulus + concrete buffer
tainer

Large working annulus

Caverns with  |Steel MPC + bentonite backfill

cooling, delayed | sceel or concrete/DUCRETE
o container + cement backfill

Mined deep borehole matrix

Hydraulic cage |Around a cavern repository

Examples: Not well studied at present; preliminary work in Japan Examples: Not well studied at present Examples: Canada ETS; NUMO, Jopan: DBE Germany (salt) Examples: Not well studied ot present; relevant work in Sweden Very deep boreholes
S Examples: Not well studied at present; i in
Concept 8: Caverns with steel MPC (bentonite backfill.  Concept 9: Caverns with steel MPC or concrete/DUCRETE ~ Concept 10: Mined deep borehole matrix. Concept 11: Hydraulic cage (around a cavern repository). Switzerland, UK, USA i :
CDC (cement backdill). Concept 12: Very deep boreholes.

&E*1: NA.Chapman & F. Neall (2009)
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Figure 1-1. 3D-illustration of surface and underground facilities.
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Figure 1-2. Schematic plan showing certain parts and underground openings.

Z£X: SKB R-06-34 (2006)
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Will the travel time for the radionuclides exceed the time
it takes the radionuclides to decay to background levels
(>100,000 years)?
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&7: C.D. Martin (2005)
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Country

Argentina

Armenia
Belgium

Brazil

Bulgaria
Canada

China

Croatia

Czech Republic
Finland

France

Germany

Hungary

India

Iran

KIGAM

Name of organization

National Atomic Energy Commission
(CNEA)

National Agency for Radioactive
Waste and Enriched Fissile Materials
(ONDRAF/NIRAS)

Brazilian Nuclear Energy Commission
(CNEN)

State Enterprise Radioactive Wastes
(SE RAW)

Nuclear Waste Management
Organization (NWMQ)

China National Nuclear Corporation
(CNNC)

Radioactive Waste Repository
Authority (SURAQ)

Posiva

French National Agency for
Radioactive Waste Management
(Andra)

Federal Company for Radioactive
Waste Disposal (BGE)

Public Limited Company for
Radioactive Waste Management
(PURAM)

Indian Atomic Energy Commission
(AEC)

Iran Nuclear Waste Management
Company (INWM Co.)

UK EXHUA ALY

Korea Institute of Geoscience and Mineral Resources

Long-term management plan

No decision (decision must be made
by 2030 under Law No. 25018)

No decision

Deep geological repository for used
nuclear fuel and high-level waste

No decision
No decision

Deep geological repository for used
nuclear fuel

Deep geological repository for used
nuclear fuel and high-level waste

Deep geological repository for used
nuclear fuel and high-level waste

Deep geological repository for used
nuclear fuel and high-level waste

Deep geological repository for used
nuclear fuel

Deep geological repository for used
nuclear fuel and high-level waste

Deep geological repository for used
nuclear fuel and high-level waste

Deep geological repository for used
nuclear fuel and high-level waste

Deep geological repository for
high-level waste

No decision

=

Status

Research underway to identify potential sites for
deep geological repository for either used nuclear
fuel or high-level waste

Decided to build a deep geological repository

Active site selection process

Active site selection process; underground research
laboratory under construction at potential site

Site selection to begin approximately 2050 to find a
site in Croatia or Slovenia (joint ownership of fuel)

Active site selection process; technical evaluation
underway at four potential sites

Construction underway; application for a licence
to operate was submitted in 2021

Submitted a licensing application to build a
repository; construction is expected to start in 2025

Early site selection process

Active site selection process

Active site selection process

Type of geology

To be determined

Focus is on clay
(other geologies studied
to a lesser degree)

Crystalline and sedimentary
Crystalline

To be determined
Crystalline

Crystalline

Sedimentary

Crystalline, sedimentary
and salt

Clay

Crystalline, sedimentary and basalt

: NWMO(2023), Programs around the world for managing used nuclear fuel
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Country Name of organization Long-term management plan Status Type of geology

Italy Nuclear Plant Management Company Deep geological repository Early site selection process To be determined
(Sogin) for high-level waste

Japan Nuclear Waste Management Deep geological repository for Active site selection process Crystalline and sedimentary
Organization of Japan (NUMO) high-level waste

Mexico No decision

Netherlands Central Organisation for Radioactive Deep geological repository for used Decided to build a deep geological repository Salt and clay
Waste (COVRA) nuclear fuel and high-level waste

Pakistan Pakistan Atomic Energy Commission  No decision
(PAEC)

Romania Nuclear and Radioactive Waste Deep geological repository for used Early site selection process Salt, clay, crystalline and green schists
Agency (ANDR) nuclear fuel and high-level waste

Russia National Operator For Radioactive Deep geological repository for Site selected; underground research laboratory Crystalline
Waste Management (NO RAQ) high-level waste under construction

Slovakia Nuclear and Decommissioning Deep geological repository for used Active site selection process Crystalline and sedimentary
Company (JAVYS) nuclear fuel and high-level waste

Slovenia Agency for Radwaste Management Deep geological repository for used Site selection to begin approximately 2050 to find To be determined
(ARAQ) nuclear fuel and high-level waste a site in Croatia or Slovenia (joint ownership of fuel)

South Africa National Radioactive Waste Disposal  Deep geological repository for used Decided to build a deep geological repository To be determined
Institute (NRWDI) nuclear fuel and high-level waste

South Korea Korea Radioactive Waste Agency Deep geological repository for used Decided to build a deep geological repository To be determined
(KORAD) nuclear fuel and high-level waste

Spain National Company of Radioactive Deep geological repository for used Decided to build a deep geological repository Crystalline, clay and salt
Waste (Enresa) nuclear fuel and high-level waste

Sweden Swedish Nuclear Fuel and Waste Deep geological repository for used Submitted a licensing application to build a Crystalline
Management Company (SKB) nuclear fuel repository

Switzerland National Cooperative for the Disposal Deep geological repository for used Site selected; Nagra expects to submit a Clay
of Radioactive Waste (Nagra) nuclear fuel and high-level waste construction licence application by 2024

Taiwan Institute of Nuclear Energy Research Deep geological repository for used Early site selection process Crystalline
(INER) nuclear fuel

Ukraine State Agency of Ukraine on Exclusion Deep geological repository for Decided to build a deep geological repository Crystalline,
Zone Management (SAUEZM) high-level waste clay and salt

United Kingdom  Nuclear Waste Services (NWS) Deep geological repository for used Active site selection process Crystalline, sedimentary

nuclear fuel and high-level waste and salt

United States United States Department of Energy Deep geological repository for used Decided to build a deep geological repository To be determined

(DOE) nuclear fuel and high-level waste

&E7: NWMO(2023), Programs around the world for managing used nuclear fuel
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CONSTRUCTION UNDERWAY ACTIVE SITE SELECTION

Finland The repository and surface facilities are well under construction. Canada Two sites are under investigation, with site selection expected by
Application for a licence to operate was submitted in 2021 and the 2024.
repository is expected to begin operations in 2024 or 2025.
China A site was selected to host an underground research laboratory
in 2019. It has strong potential to become the eventual site of the
repository.
Czech Republic Technical evaluation is underway at four potential sites. Final site
Sweden In January 2022, the Swedish government approved SKB’s selection is expected by the end of the 2030s, followed by further
proposed final repository system. The next step in the licensing geological tests to confirm the choice, with the submission of permit

process is for the Swedish Land and Environment Court to establish
conditions for the facilities. The Swedish Radiation Safety Authority
will also decide on permit conditions under the Nuclear Activities

applications expected by the late 2040s.

Act. After all licences are in place, it will take about 10 years to build Hungary The site selection process is expected to ba complete by 2032.
the used fuel repository.
India Siting activities are focused in the northwestern region of Rajasthan.
France In January 2023, Andra submitted a licence application for the
construction of a deep geological repository. Construction is Japan The site selection process is expected to be completed by 2025,
expected to start in 2025. with repository operation from about 2035.
Slovakia Two sites are undergoing detailed site investigations, which are
expected to be complete in 2023.
United Kingdom A new siting process was launched in 2018, beginning with
Russia Construction will occur after a period of research using an community consultations. The initial consultation period ended in
underground research laboratory, which is currently under 2019, with the results integrated into site evaluation documents,
construction at the selected site. published in early 2020, which describe the planned approaches
to find a site in England or Wales. Since 2021, several community
Switzerland In September 2022, Nagra announced Switzerland’s used nuclear partnerships have formed to advance discussions around siting a
fuel will be stored at Ndrdlich Lagern. Nagra expects to submit a geological disposal facility for high-level radioactive waste.

construction licence application by 2024.

&E7: NWMO(2023), Programs around the world for managing used nuclear fuel
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Adaptive Phased Management (HLICH
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Adaptive Phased Management (APM): Canada’s plan for the long-term management of used nuclear fuel in 2007.
The plan involves the development of a large national infrastructure project in an informed and willing host community.

Study Phase

2002-2007

Nuclear Fuel
Waste Act

Government
Decision

2008-2009

Design
Process

for Selecting
a Site

10 or more years

Implement
Siting
Process

Assess
Suitability of
Candidate
Sites

Phase 1: Preparing for central
used fuel management

Select Site

Implementation
continues...

Licensing &
EA Processes

NWEFA requires
NWMO to consider
alternative technical
methods for
long-term
management of
Canada’s used
nuclear fuel

NWMO's 3-year
study recommends
Adaptive Phased
Management as the
best approach

Government selects
Adaptive Phased
Management and
mandates NWMO to
begin implementation

NWMO works
collaboratively with
citizens to design a
process for selecting
a preferred central
site for the optional

shallow underground

storage facility and
the deep geological
repository

NWMQO implements
the siting process
collaboratively with
interested Canadians,
during which
communities express
interest in being
considered willing
hosts

NWMO conducts
engineering and
scientific feasibility
and characterization
studies to assess the
suitability of the
candidate sites
identified through the
siting process

NWMO selects a
preferred site with
a willing host
community

The process for
obtaining a ‘site
preparation’ licence is
initiated by the NWMO.
This in turn triggers the
start of an
environmental
assessment of the
optional shallow
underground storage
facility, characterization
facility and the deep
geological repository

NUMO(2008), Moving Forward Together: Designing the Process for Selecting a Site
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Safety factors

Our confidence that the proposed sites could safely host the repository is built on our
understanding of several key factors, supported by international scientific consensus and
best practices for managing used nuclear fuel. These factors include:

Regulatory
The facility will meet all

regulatory requirements.

Transportation

Used fuel can be safely
transported to the site

Construction, operation
and closing

The repository can be safely
constructed, operated and closed.

Human intrusion

The risk of future human
intrusion is low.

Multiple-barrier system

The strength of the multiple-barrier system will
ensure that the used fuel can be isolated within
the rock and engineered-barrier system.

Geology

The characteristics of the rock and surrounding
area will ensure that the site can safely contain
and isolate the used nuclear fuel

ar Waste Management Organization

KIGAM 2372xuazs

Korea Institute of Geoscience and Mineral Resources

SAFETY IS EVERYT

SAFETY AND THE SITE SELECTION PROCESS

A site must satisfy six safety functions to be considered suitable for
hosting the APM Project:

. Safe containment and isolation of used nuclear fuel. The charac-

teristics of the rock at the site must be appropriate to ensure long-term
containment and isolation of used nuclear fuel from humans, the
environment and surface disturbances caused by human activities and
natural events.

Long-term resilience to future geological processes and climate
change. The rock formation at the siting area must be geologically stable
and likely to remain stable over the very long term in a manner that will
ensure the repository will not be substantially affected by geological and
climate change processes such as earthquakes and glacial cycles.

. Safe construction, operation and closure of the repository.

Conditions at the site must be suitable for the safe construction,
operation, and ultimate closure of the repository.

Isolation of used fuel from future human activities. Human intrusion
such as future exploration or mining must be unlikely.

. Amenability to site characterization and data interpretation

activities. The geologic conditions at the site must be amenable to being
practically studied and described on dimensions that are important for
demonstrating long-term safety.

. Safe transportation. The site must have a route that exists or is amena-

ble to being created that enables the safe and secure transportation of
used fuel from interim storage sites to the repository site.

E7: NWMO, Safety is everything
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About the Project
The project will be implemented in phases and will operate for many decades. It has an estimated cost of
$16 billion to $24 billion. M@

SITE EVALUATION AS PART OF THE SITE SELECTION PROCESS (10 YEARS OR MORE)

» In collaboration with the community, the NWMO will conduct detailed studies and evaluations at the site to confirm
whether it is suitable in terms of safety and community well-being and to support the regulatory approval process.
This work will be conducted as part of the site selection process outlined in this document. Work will involve
detailed field and laboratory investigations, testing through the drilling of boreholes to the proposed repository
depth, monitoring and safety analyses as well as socio-economic studies. The NWMO will establish a centre of
expertise at the site, which will involve dozens of workers with a wide range of skills, including technical and social
scientists, equipment operators and other skilled workers and technicians. Overall spending by the NWMO to
complete work during this phase will be tens of millions of dollars per year.

During this phase, the NWMO will provide funding to assist potentially interested communities to build under-
standing of the project, participate fully in the site assessment process, and engage their citizens in evaluating and
ultimately demonstrating interest in hosting the project.

REGULATORY APPROVALS (5 YEARS OR MORE)

» Once a location has been selected as the preferred site, the NWMO must successfully complete an environmental
assessment, as required by the Canadian Environmental Assessment Act and obtain a licence from the Canadian
Nuclear Safety Commission (CNSC) for site preparation and construction. This will involve a thorough, formal and
public evaluation of safety. The NWMO will continue its work at the site throughout this period in order to be ready
for site preparation and construction once the licences for these activities have been received.

CONSTRUCTION OF THE UNDERGROUND DEMONSTRATION FACILITY AND DEEP GEOLOGICAL

REPOSITORY (10 YEARS OR MORE)

» After receiving appropriate licences, the NWMO will begin construction of an underground demonstration
facility, which will confirm the characteristics of the site before applying for an operating licence. This work will
involve several hundred workers at the site per year to build and staff the underground facility as well as the expan-
sion of the centre of expertise to become a knowledge centre of national scope, which will operate throughout
construction and operation of the project. Overall spending by the NWMO during this phase would be in the order
of $100 million each year for a period of about 5 years.

The NWMO will construct the deep geological repository at a depth of approximately 500 metres. The repository
will consist of a series of access and service shafts and a network of tunnels leading to placement rooms where
long-lived used fuel containers will be safely sealed into the rock. The NWMO will also construct surface facilities to
receive transported used fuel, repackage this used fuel and prepare clay-based sealing materials. These construc-
tion activities will involve about 600-800 workers per year at the site, with a wide range of skills including equip-
ment operators, engineers, scientists, mining personnel, tradespeople, social researchers, financial administrators
and public communication professionals. The NWMO will work with the community to develop infrastructure which
may be required to support these workers either in the community or, if the community prefers, outside of the
community in the surrounding region. Overall spending by the NWMQO during this phase would be several hundreds
of millions of dollars each year for a period of about 5 years.

Long-term management program: Canada

ey
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In addition to the on-site employment, the construction of the project will create significant direct employment
opportunities in the host community for a variety of support services such as transportation, catering and equipment
supply. Depending on the host economic region, the construction phase will create wealth in the form of business
profits and personal income throughout the region amounting to hundreds of millions of dollars.

The NWMO will work with the community, and potentially others, to construct the project in a way that helps foster
the long-term well-being and sustainability of the community and of the larger region in which it is located.

OPERATION OF THE FACILITIES (30 YEARS OR MORE)
After receiving an operating licence from the CNSC, operation of the facility will begin. In operating the facility, the
NWMO will transport used nuclear fuel from the interim storage sites in specially designed transportation casks,
repackage this used fuel in long-lived containers and place these containers in the deep repository along with
sealing material as appropriate. This work would involve hundreds of workers with a wide range of skills, including
equipment operators, engineers, scientists, safety specialists, mining personnel, tradespeople, financial analysts and
community engagement professionals. Overall spending by the NWMQ during this phase would be in the order of
$200 million each year. The operation of the facility will also create annual employment in the host community by
the many businesses that will be required to support direct ongoing operations at the facility. Depending on the host
economic region, the operation of the facility will create wealth in the form of business profits and personal income
throughout the host region during the operation phase, amounting to hundreds of millions of dollars per year.

The NWMO will work with the community, and potentially others, to operate the project in a way that helps foster
the long-term well-being and sustainability of the community and of the larger region in which it is located, as
outlined in an agreement with the community.

EXTENDED MONITORING (POTENTIALLY 100 YEARS OR MORE)
The NWMO will work with the community, and potentially others, to conduct monitoring of the repository to support
data collection and to confirm the long-term safety and performance of the repository system. Future society wil
make a determination on the appropriate form and duration of monitoring. The regulator will be involved in all
decisions made about how monitoring will be conducted at the site.

DECOMMISSIONING THE FACILITY
The NWMO will work with the community, and potentially others, to decommission the facilities. Future society
will make a determination on the manner of final closure of the repository. Once a decision is made to close the
facility, the NWMO will apply to the CNSC for a decommissioning licence. A decommissioning licensing decision
by the CNSC on this project can only be taken after the successful completion of the environmental assessment
process. The NWMO will remove underground equipment and backfill and seal the access tunnels and shafts, and
surface facilities will also be dismantled, at a pace and in a manner determined collaboratively with the community,
regulators and other interested individuals.

POST-CLOSURE MONITORING
» Future society will make a determination on the form and duration of monitoring to take place after the repository is
closed. The regulator will be involved in all decisions about how monitoring will be conducted at the site.

() The final cost of the project will depend on such factors as the number of fuel bundles to be managed, timing of construction and the geclogy at the site.
¥ For estimates of project costs and for estimates of labour and dollar figures (reflecting cash flows), see: AECOM. A Preliminary Assessment of
llustrative Generic Community Economic Benefits from Hosting the APM Project. 2010. (published on the NWMO website at
www.nwmo.ca/sitingprocess)

&E7: NWMO(2010), Moving Forward Together: Process for selecting a site for Canada’s DGR for UNF
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Steps in the process for selecting a site
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The NWMO publishes the fmallzed smng proceas, havmg briefed provincial governments, the Government Getting Publication of siting process
of Canada, national and p and ies on the NWMO's g
activities. The NWMO will continue briefings throughout the siting process to ensure new information is Ready Offer of briefings g
made available and requirements which might emerge are addressed. o
2
The NWMO initiates the siting process with a broad program to provide information, answer questions and Step 1 Information and awareness MANITOBA
build awareness among Canadians about the project and siting process. Awareness-building activities will buildin (5]
continue throughout the full duration of the siting process. 9
Communities identify their interest in learning more, and the NWMO provides detailed briefing. An initial R
screening is conducted. At the request of the community, the NWMO will evaluate the potential suitability Step 2 Learn More phase with initial @ Communitios in Stop 3, Phaso 2 ONTARIO
of the community against a list of initial screening criteria (outlined on page 30). screenings " " ;‘wm\ : oS
5. ignace 10. Homepayne
Fe iti f i itability i At the t QUEBEC
o =L ° © et @ Communities in Stop 3, Phase 1 0 a0
of the community, the NWMO wnl mnduct a feasibility study collaboratively with the community to deter- Step 3 Preliminary assessments of it 00
mine whether a site has the potential to meet the detailed requirements for the project. Interested ) o 16, Spanish 7} 8
communities will be encouraged to inform surrounding communities, including potentially affected potential suitability 19. Brockion 1
Aboriginal communities and governments, as early as possible to facilitate their involvement. :2 E'T.‘;f 7,1:' g? Soun :n‘::abs
— - Phase 1: Desktop study and 15. The North Shom 22, Central Huron
For affected are engaged if they have not . — B
been already, and detailed site evaluations are completed. In this step, the NWMO will select one or more engagement 5 "E','Xms,, Aokl e 17
suitable sites from communities expressing formal interest for regional study and/or detailed multi-year First Nation 12, Wawa (128
pi 9 gl y -y [}
site evaluations. The NWMQ will work collaboratively with these communities to engage potentially . o o 17 e S @7
affected surrounding communities, Aboriginal governments and the provincial government in a study of Phase 2: Field investigations 6. Nipigon e o
health, safety, environment, social, economic and cultural effects of the project at a broader regional level and expanded engagement
(Regional Study), including effects that may be associated with transportation. Involvement will continue
throughout the siting process as decisions are made about how the project will be implemented. ‘ ) ) Figure 1-1: C ities in the Site Process
Communities with confirmed suitable sites decide whether they are willing to accept the project and Step 4 Detailed site evaluations S . . - .
propose the terms and conditions on which they would have the project proceed. Prehmlnary F|eId Investlgatlons Durlng
The NWMO and the community with the preferred site enter into a formal agreement to host the project. Step 5 Gommunity decisions on Phase 2 of the Feasibility Study
The NWMO selects the preferred site, and the NWMO and community ratify a formal agreement. wilingness Objective
Regulatory authorities review the safety of the project through an independent, formal and public process » Further assess and refine location of si!ing
and, if all requirements are satisfied, give their approvals to proceed. The implementation of the deep : : areas identified during the desktop stud
geological repository will be regulated under the Nuclear Safety and Control Act and its associated regu- Step 6 HOSUHQ A EEET swgned, 9 P Y
lations to protect the health, safety and security of Canadians and the environment, and to respect subject to outcome of
Canada’s international commitments on the peaceful use of nuclear energy. Regulatory requirements will regulatory reviews Activities
be observed throughout all steps in the siting process. The documentation produced through previcus 9 » High-resolution geophysical surveys (gravity,
steps, as well as other documentation that will be required, will be formally reviewed by regulatory magnetic, electroma netic)
authorities at this step through an Environmental Assessment and then licensing hearings related to site Step 7 Regulalory review process g 4 9 3 "
preparation and censtruction of facilities associated with the project. Various aspects of transportation of » Refined lineament studies (detailed
used nuclear fuel will also need to be approved by regulatory authorities. identification of faults and fractures)
PS and ion of an facility The NWMO will develop Step 8 Construction and operation » Drilling of a limited number of deep
the centre of expertise, launched in Step 4, to include and support the construction and operation of an of underground boreholes
underground demonstration facility designed to confirm the characteristics of the site before applying to . o » Sampling and [es[ing
regulatory authorities for an operating licence. Designed in collaboration with the community, it will demonstration facility
become a hub for knowledge-sharing across Canada and internationally.
Construction and operation of the facility. The NWMO begins construction of the deep geological reposi- Step 9 Construction and operation
tory and associated surface facilities. Operation will begin after an operating licence is obtained from of the deep geological
regulatory authorities. The NWMO will continue to work in partnership with the host community in order )
to ensure the commitments to the community are addressed throughout the entire lifetime of the project. repository

» The first phase preliminary assessment involves desktop studies to explore potential to meet safety requirements.
These assessments include studies of engineering, geoscientific suitability, environment and safety, and transportation. This phase also involves the interested
community learning more about the project, and engagement and reflection on potential to foster well-being in the area and fit with the community’s long-term vision.

» The second phase preliminary assessment is conducted with a smaller number of communities and areas selected based on the outcome of Phase 1.

Phase 2 activities focus on evaluating specific geoscientific uncertainties and provide additional information that can be used to assess and compare potential
suitability of the communities. Technical studies and field investigations in this phase include activities such as geophysical surveys, geological mapping, environmental
surveys, and borehole drilling and testing to better characterize and understand the specific natural environment.

Phase 2 also involves more detailed exploration of the potential to foster well-being and sustainability in the community and the broader area. In addition, this phase
involves exploring the potential for partnership with the interested community, First Nation and Métis communities in the area, and surrounding communities.

&E7: NWMO(2010), Moving Forward Together: Process for selecting a site for Canada’s DGR for UNF

KIGAM t372xaa7y 15

Korea Institute of Geoscience and Mineral Resources



Centennial KIGAM, Passion &
Challenge for naxt 100 Years!

Timeline of Japanese Geological Disposal Program

Over 300 m
deep
Second Progress
R&D Report (Pfi2). : ‘\\“Q
(technical reliability) Repository
operation

First Progress

Report (H3) Selection of —
{technical feasibility) disposal site

Amendment to Final Disposal Act for *1 HLW disposal area

TRU waste (June 2007) *2 TRU waste disposal area

Start of R&D
program
Start of open solicitation (Dec. 2002)

Final Disposal Act (June 2000)

\Establishment of NUMO

Implementation

fa

(HLW disposal area)

/
Connecting
tunnel

Scale of facilities
Surface facilities: 1-2 km?
Underground facilities : HLW disposal area: around 3 km by 2 km
TRU waste disposal area: around 0.5 km by 0.3 km
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Newly added process

Nationwide scientific screening
by Government (Mapping)

Open salicitation
to Implementation of dialogue acti
local municipalities (meeting et
-Proposals by the national Three Stages of the Site Selection Process
goverment to municipalities
-Application by municipalities

Preliminary Detailed
Investigation Investigation R;I;t:: ng;y
Areas (PlAs) Areas (DIAs)

Checks of previous earthquake activity, volcanic eruptions, fault activity, uplift
and erosion and other relevant tectonic phenomena will be made using
records of past activity, written references and other documents in order to
determine the suitability of applicant areas and the surrounding regions.

3

Selection of Preliminary Investigation Areas (PIAs)
based on literature surveys

It will be confirmed from past records that there are no indications of
significant geological perturbations resulting from natural phenomena such
as earthquakes and that there is no risk of such phenomena occurring in
the future.

Preliminary investigations

Volunteer
municipalities

Studies will be made - from the ground surface - of geclogical formations, Preliminary investigations
rock properties, geological structures, groundwater characteristics,
geochemical characteristics and geodynamics using geophysical, borehole

and rench investigations Preliminary Detailed
2 ect led 1 iaation A DIA | Investigations Investigations
Selection OfDetaled I'IVESUQBUOFI s ( 5} - Geophysical surveys - Excavation of test tunnel
It will be confirmed that the host formations where geclogical disposal L § - Boreholes. etc. - Investigations in the
may be implemented and the formations in the vicinity are stable, that < Literature survey 9 !
there are no obstacles to tunnel excavation and that there is no risk that test tunnel
groundwater flow and other relevant phenomena will have a negative
impact on the underground facilities.
Detailed investigations Selection Selection Selection
In parallel with more detailed investigations from the ground surface, B . I cmeria criteria criterla
underground research facilities will be constructed and various investigations Detailed investigations
and experiments carried out. -‘
- - — Selection of PlAs Selection of DIAs Selection of RS
3 Selection of a repository construction site |
It will be confirmed that the physical and chemical characteristics of the -1St Stage- -2"d Stage_ '3I’d Stage-

geological formations where geclogical disposal will be implemented are
suitable for constructing a repository.

N = [ TR—
L oOperaton ]

| Closure / environmental monitoring | repository construction
\_ vy

NUMO(2021), The NUMO Pre-siting SDM-based Safety Case
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Figure 1.3-2 Nationwide map of “scientific features” relevant for geological disposal
(Source: Ministry of Economy, Trade and Industry, 2017 [13])
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Considering long-term stability, safety during construction
and operation, safety during transport, and
implementation practicality, requirements and criteria for
identifying “preferred” and “"non-preferred” sites are
developed.

For areas where there is a high probability that desirable
characteristics can be confirmed, an additional positive
criterion is that the distance from the coast is sufficiently
short, recognising the advantages (e.g. relating to logistics
and nuclear security) of waste transport from a coastal port
to the repository site.

These requirements and criteria led to publication in July
2017 of the 'nationwide map of “scientific features” relevant
for geological disposal’.

This classified the whole of Japan into the following four

regions:

 Those probably unsuitable from the viewpoint of long-term
stability, such as those near volcanoes or active faults,

« Those with mineral resources such as oil fields and gas
fields, which are undesirable from the viewpoint of future
potential human intrusion,

 Those with a relatively high probability of being suitable
due to lack of the abovementioned undesirable
requirements and criteria,

« Of the likely suitable areas, those preferable also in terms
of transport advantages.

NUMO(2021), The NUMO Pre-siting SDM-based Safety Case
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In October 2020, the town of Suttu in Hokkaido prefecture applied for a literature survey to be undertaken.

Additionally, another village in Hokkaido prefecture, Kamoenai, accepted a proposal for a literature survey

by the Japanese Government.

Assumed to be ‘es' relevant for Geological Disposal
unfavorable
from the viewpoint of long- Hokkaido AN
term stability of the deep Kamoenai Village
geological environment \

risk of future inadvertent
human intrusion

[fromtheviewpointofthe] Tomari NPP—

( 7Assumed to be favorable
- nad 20km
- =

Assumed to be preferable
also from the viewpoint of
waste transportation

- —

Logend

7

Nationwide Map of Scientific
. features for geological
~disposal (METI, 2017)

0 50100 200 300 400 500 5
- —— temmm—" km

Fig. 8 Location of Suttu town and Kamoenai village on the Nationwide Map
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Literature Survey

A

|

Preliminary
Investigation stage

Surface based investigations
(seismics, boreholes etc.)

¥ \

sediments )

stage
Collection of literature
(at national & local levels)
Exclusion of 1
ineligible sites
Survey and based on Estirnatif:n of
evaluation of geological geological
geological phenomena - environment
environment quaternary characteristics
unconsolidated 1

Repository design

Safety Assessment

Exclusion of
ineligible sites
based on geological
phenomena and
tunnel excavation

Understanding
of geological

environment

characteristics

¢

Development of
regional scale
geological model

—

Initial

Improvement of regional
scale geological models,
development of repository
scale geological model

\

engineered Initial
barrier repository
specification concept
L
" ¥
Outline of safety
assessment based on
repository design
v \4

planning of Pl stage

Selection of PI sites and ]_

Conceptual
design of Conceptual
engineered design of
barriers repository
Safety assessment based
on repository design
4 \4

Selection of DI sites and
planning of DI stage

=

Detailed
Investigation stage

Characterisation in an underground
investigation facility (UIF), surface
based surveys

\ ¥

Confirm no effects d Detaul:id £
from natural e ST
perturbing geological
phenomena environment

L

\d

characteristics

4

Improvement of regional &
repository scale models,
development of panel scale
geological models

—

Basic design
Of =
engineered Repository
barriers design
\ 4 A\
Safety assessment
based on repository design
|
v

[ Selection of repository site I

Figure 2.2-1 Stepwise characterisation of the geological environment, design of the repository
and safety assessment
(Modified from Advisory Committee for Natural Resources and Energy, 2017 [34])
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LS: literature survey

Regional scale Climatic change
(E (Se€Veral £enS KT ) | 1

Pl: preliminary investigation
. = "
DI: detailed
. . investigation Uplift/ Sea-level
. ‘ erosion change

f
I
I
l] -vy
!
b

Repository scale . Panel scale ~ Near-field
(several km) N scale

Igneous (several hundreds m)

activity
\
WA

movement

= == == == =

Figure 2.2-2 Three stages of site investigation and their relationship to site descriptive model
scales (regional, repository and panel). Not illustrated in the figure is that regional studies (e.g.,
of tectonics and seismicity) may need to continue also in the DI stage.

(Modified from Advisory Committee for Natural Resources and Energy, 2017 [34])
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