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Presenter
Presentation Notes
The Nuclear Fuel Waste Act required Canada’s nuclear energy corporations – Ontario Power Generation, Hydro Quebec and New Brunswick Power to establish a nuclear waste management organization to operate on a not-for-profit basis.Our mission is to develop and implement collaboratively with Canadians, a management approach for the long-term care of Canada’s used nuclear fuel that is socially acceptable, technically sound, environmentally responsible and economically feasibleThe three founding companies, and AECL, were required by the legislation to set up trust funds and make annual contributions to ensure that the money will be there to pay for managing used nuclear fuel over the long term.  Funds were established in 2002 and audited financial statements are posted on the NWMO website.The NWMO has the benefit of an Advisory Council (chaired by the Hon. David Crombie) which comments independently on our work.There is extensive federal government oversight of this National project.Report annually to the Minister of Natural Resources Canada Reports tabled in Parliament All phases of project subject to extensive regulatory oversight by federal regulators that oversee all nuclear operations in Canada
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History Used Fuel Long-term Management Plans

• 1980 Canadian Nuclear Fuel Waste Program established by 
Governments of Canada/Ontario

- AECL responsible for used fuel DGR development

• 1989 Government of Canada referred DGR concept to Federal 
Environment Panel

- In response to public concerns on site selection

• 1998 Federal Panel report
- DGR technical plan at conceptual level
- Public support not demonstrated

• 2002 Nuclear Fuel Waste Act (NFWA)
- NWMO formed
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Requirements of Nuclear Fuel Waste Act 2002
• NWMO to be formed by Nuclear Energy Companies

• NWMO to study alternatives for managing nuclear fuel waste and 
make recommendation to Government of Canada

• NWMO to implement recommendation as approved by 
Government of Canada

• NWMO to propose funding formula for Government of Canada 
approval

• Nuclear Energy Companies to contribute to Trust Funds consistent 
with approved funding formula

• Trust Funds can only be accessed by NWMO following 
construction licence approval
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Adaptive Phased Management Approved by 
Government of Canada in 2007

A Technical Method A Management System

» Isolation in deep geological 
repository

» Continuous monitoring

» Potential for retrievability

» Flexibility in pace and manner 
of implementation

» Responsive to advances in 
technology and societal 
values, and Aboriginal 
Traditional Knowledge

» Open, inclusive, fair siting
process

» Sustained engagement of 
people and communities



The Deep Geological Repository Concept

Mark II 
Design

• Protection of health, safety and 
environment 

• Multi-barrier system
- Engineered barrier
- Geological isolation

• Strong regulation (CNSC)

• Long-term partnership between 
NWMO and community 

• Investment $20B, decades of 
sustainable operation
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Presentation Notes
The APM siting process is centered on the DGR concept for the protection of health, safety and the environment.It is based on the passive multi-barrier design incorporating composite engineered barriers within astable crystalline or sedimentary geosphere to provide assurance of no harm.  Recent evolution of the Canadian design has considered a smaller Mark II alternative copper coated 48 fuel bundle canister – the larger Mark I and smaller Mark II canisters shown here to the upper right.  This optimization and the new technology employed will fundamentally change used fuel encapsulation, repository placement and the continued unique application of highly compacted and gap fill clays to achieve containment and isolation. Such technological improvements to safety coupled with a strong regulatory oversight and desire to establish a long-term community partnership are helpful to APM implementation – a $20 Billion dollar national infrastructure program– at earliest by 2035.         



Canadian Approach for the Repository 

Mark II Repository 
• Designed for CANDU fuel/proven technology
• Canadian-developed copper coating (3 mm)
• Highly Compacted Bentonite Overpack (6.7 Tonnes)
• Dense Backfill Blocks/Bentonite Gap Backfill
• Nominal repository depth 400 to 700 m 
• Placement room opening 2.2 m x 3.2 m
• Placement room spacing 20 - 25 m 
• Repository footprint ≈ 4 km2 
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Presentation Notes
In addition to the on-going siting activities there is linked a technical work program focused on repository designoptimization and gaining enhanced confidence in post-closure repository and safety. Within the repository this has brought about an evolution in the Canadian approach for repository engineering shown in this slide – clockwise from the top – the electro-plated 3-mm copper coated steelvessel with welded hemispherical ends; the surface assembled highly compacted bentonite buffer boxwith enclosing shell and the in-room handling and placement method with dense and gap backfillcomponents requiring nominal openings of approximately 2 by 3 m in a repository with footprint of approximately 4 km2.  Development and proof-testing of this integrated design is continuing inearnest as part of the on-going technical program in 2015 and beyond. Of course the geosphere enclosing the engineered system plays an equally important role in safety - a case in point - getting ever closer to a decision - being the proposed DGR for Low and intermediate level waste within argillaceoussediments at the Bruce Nuclear site in the province of Ontario .   



» Adaptive Phased Management (APM) approved 
June 2007 by federal government 

» Development of site selection process in 
collaboration with Canadians: (2008-2009)  

» Focus on safety
» Meet or exceed regulatory requirements
» Sedimentary or crystalline geologic setting
» Community driven: community opts in/out
» Informed and willing host community
» Early involvement of surrounding communities

» Site selection process initiated in May 2010

APM Site Selection Process (1)
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Presentation Notes
In this regard, key milestone advances have been centered around the Adaptive Phased Management or APM  program.This program ultimately envisions the placement of Canada’s used nuclear fuel within a multi-barrier deep geologicalrepository.  The approach, recommended by the NWMO following extensive dialogue with the Canadian Public, includingAboriginal Peoples, was selected by the Federal Government in June 2007.  It is the NWMO’s mandate to implement APM.In the initials phase of implementation development of a site selection process became the focus between 2008-2009.  To this end a process comprised of nine steps was devised perhaps on not unfamiliar goals today: Safety: Safety was of paramount concern - such that the DGR would meet or exceed regulatory requirements. Geosphere: A stable geosphere was desirable - and in the context of Canada – for the first time sedimentary  rocks along side crystalline were both considered for repository implementation. Social Aspects: the process is community driven – they opt in or out – and it requires collaboration   with a willing and informed community. Surrounding communities: Also featured is early involvement with the surrounding communities.The process was launched in May 2010 
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Step 1 – The NWMO initiates the siting process with a broad program to provide
information, answer questions and build awareness among Canadians 
about the project and siting process.

Step 2 – Communities identify their interest in learning more, and the NWMO
provides detailed briefing and conducts an initial screening.

Step 3 – For interested communities that successfully complete an initial screening,
a preliminary assessment of potential suitability is conducted.  Step 3 is 
conducted in 2 phases of increasingly detailed assessment. 

Step 4 – Detailed site evaluations are completed in one or two sites identified as
having strong potential to meet project requirements in Step 3 preliminary assessments.

Step 5 – Acceptance to host the repository is confirmed.
Step 6 – Formal agreement to host the repository is ratified, subject to all regulatory requirements 

being met and regulatory approval received.
Step 7 – An independent, formal and public process is conducted by regulatory authorities to ensure   

all requirements are satisfied.
Step 8 – Construction and operation of an underground demonstration facility proceeds.

Step 9 – Construction and operation of the facility proceeds.

APM Site Selection Process (2)

Presenter
Presentation Notes
In this regard, key milestone advances have been centered around the Adaptive Phased Management or APM  program.This program ultimately envisions the placement of Canada’s used nuclear fuel within a multi-barrier deep geologicalrepository.  The approach, recommended by the NWMO following extensive dialogue with the Canadian Public, includingAboriginal Peoples, was selected by the Federal Government in June 2007.  It is the NWMO’s mandate to implement APM.In the initials phase of implementation development of a site selection process became the focus between 2008-2009.  To this end a process comprised of nine steps was devised perhaps on not unfamiliar goals today: Safety: Safety was of paramount concern - such that the DGR would meet or exceed regulatory requirements. Geosphere: A stable geosphere was desirable - and in the context of Canada – for the first time sedimentary  rocks along side crystalline were both considered for repository implementation. Social Aspects: the process is community driven – they opt in or out – and it requires collaboration   with a willing and informed community. Surrounding communities: Also featured is early involvement with the surrounding communities.The process was launched in May 2010 
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Communities Engaged in Learning More (2012)

Presenter
Presentation Notes
Between the launch of the APM site selection process in spring 2010 and fall 2012 expressions of interestto “Learn More” about APM and the DGR concept were received by 22 communities shown here.  Six of theCommunities were situated in areas underlain by Paleozoic age sediments – the six sites in the lower right ofthe diagram – and the remainder on the Canadian Shield in the Provinces of Saskatchewan and Ontario.Through the step-wise site screening process, initially examining site-specific evidence of geoscientific suitabilityfor DGR implementation and then increasingly adding elements of transportation, community well being, socio-economic and repository engineering – the number of sites – as of decisions announce as recently as two weeks ago – has decreased to nine – 3 sedimentary and 6 crystalline.  Following further review and surface based investigation,including drilling a some sites - the earliest a decision would be taken to select a preferred site for finalcharacterisation and development of a safety case to support a regulatory licensing would be 2023.   



1. Safe containment and isolation of used nuclear fuel

2. Long-term resilience to future geological processes 
and climate change

3. Isolation of used fuel from future human activities

4. Amenable to site characterization and data 
interpretation activities

5. Safe construction, operation and closure of the 
repository

6. Safe and secure transportation routes

Detailed Technical Site Evaluation Criteria
Suitable sites must satisfy six safety functions
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Phase 2 Preliminary Field Investigations
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High resolution airborne 
geophysical surveys

Few weeks of data acquisition 
followed by data     

interpretation

Detailed geological 
mapping 

(~ 3 months)

Borehole Drilling &
Testing

(~2 years or more)

In Collaboration with Communities

Initial Studies Intensive Field Work



12

Communities Engaged in Learning More (2015)

November 2015

Presenter
Presentation Notes
See notes on preceding slide.



NWMO’s APM Technical Program

13

Presenter
Presentation Notes
The Nuclear Fuel Waste Act required Canada’s nuclear energy corporations – Ontario Power Generation, Hydro Quebec and New Brunswick Power to establish a nuclear waste management organization to operate on a not-for-profit basis.Our mission is to develop and implement collaboratively with Canadians, a management approach for the long-term care of Canada’s used nuclear fuel that is socially acceptable, technically sound, environmentally responsible and economically feasibleThe three founding companies, and AECL, were required by the legislation to set up trust funds and make annual contributions to ensure that the money will be there to pay for managing used nuclear fuel over the long term.  Funds were established in 2002 and audited financial statements are posted on the NWMO website.The NWMO has the benefit of an Advisory Council (chaired by the Hon. David Crombie) which comments independently on our work.There is extensive federal government oversight of this National project.Report annually to the Minister of Natural Resources Canada Reports tabled in Parliament All phases of project subject to extensive regulatory oversight by federal regulators that oversee all nuclear operations in Canada



APM Technical Program – 2014
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1. INTRODUCTION

2.  OVERVIEW OF CANADIAN RESEARCH
AND DEVELOPMENT PROGRAM:

- REGULATORY FRAMEWORK
- APM TECHNICAL PROGRAM 

OBJECTIVES & OVERVIEW
- SUMMARY OF INTERNATIONAL ACTIVITIES
- INDEPENDENT PEER REVIEW

3.  REPOSITORY ENGINEERING

4. GEOSCIENCE

5. REPOSITORY SAFETY

APPENDIX A: TECHNICAL REPORTS, RESEARCH
PAPERS, CONTRACTORS AND          
AWARDED SCHOLARSHIPS

APPENDIX B:  ABSTRACTS FOR TECHNICAL 
REPORTS FOR 2014

Presenter
Presentation Notes
Explicitly refer to documentation of advances in the APM technical program (2011) – focus on issues thatwill aid/point the ITRG to information helpful in substantiating their 2012 assessment and response to specific interest 2012 NWMO Board questions.  



Site Characterization: Methods (examples)
• Matrix Porewater Extraction & Compositions
• Radionuclide Transport Properties
• Physical Hydrogeologic Properties
• Thermal, Hydraulic & Mechanical Properties (THM)
• Excavation Damage Zone Assessment
• Site-specific Natural Analogues
• Discrete Fracture Network Realization
• International URL’s  

Geosphere Stability/Evolution
Long-term Climate Change 
• Glacial ice-sheet history (GSM)
• Greenland  Analogue Project  (GAP)
Seismicity
• Seismic Hazard Assessment and Paleoseismology
Geomechanical Stability – External Perturbations 
Groundwater System Evolution – Case Studies
• Deep Seated Aquiclude  (Crystalline/Sedimentary)  
• Paleohydrogeology and Reactive Transport Modelling

Geology

Hydrogeology

Hydrogeochemistry

Microbiology

Geomechanics

Seismicity

Climate Change

Paleohydrogeology

Geosciences: Applied Research Program

15



Extended Geoscience Research Team
Canadian Universities
• University of Alberta*
• University of British Columbia
• Université Laval  
• McGill University
• McMaster University
• University of New Brunswick*
• University of Ottawa*
• Queen’s University
• University of Saskatchewan
• University of Waterloo*
• University of Western Ontario*
• Ryerson University
• University of Toronto* 

(4 Research groups)

International Universities
• ETH  Zurich
• Montash University - L&ILW
• Pennsylvania State University - L&ILW
• University of Washington - L&ILW
• University of Bern (Switzerland)*
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Specialists 
• AECL
• AECOM  Canada Ltd. - L&ILW
• AMEC Geomatrix Inc. - L&ILW 
• CEMI/Mirarco
• GeoFirma Engineering Ltd. - L&ILW 
• Ground-Water Geochemistry  - L&ILW
• Fracture Systems Ltd. - L&ILW 
• Hydro Resolution – L&ILW
• Itasca Minneapolis - L&ILW 
• John Sims & Associates
• TerraTek
• Worthington Groundwater - L&ILW
• Westbay – L&ILW 

Federal Organizations
Geological Survey of Canada
CHIS Natural Resources Canada 

International Organizations
• United States Geologic Survey*
• Geologic Survey of Finland 
• SwissTopo (Switzerland)
• Andra (France) – L&ILW
• Nagra (Switzerland) – L&ILW
• POSIVA (Finland)
• SKB (Sweden)

* Indicates involvement in both APM Research and L&ILW DGR Project



Porewater Characterisation
Crystalline/Sedimentary Matrix Porewater 

• Ionic Strength - ≈5-7M 
• Hydraulic Conductivity - 10-15 to 10-11 m sec-1

• Porosity - 0.001 to 0.06 
• Specific Storage - ≈ 10-6 m-1

• Water Content -<2%   

Method Development
• Ultra-centrifugation 
• Diffusive Isotopic Exchange (1)
• Advective Displacement  (2)
• VDE/μVDE (3)
• Core Squeezing (4)
• Out diffusion  
• Crush and Leach
• Filter Paper  (5)
• Micro-coring

(1)

(2)

(4)

(5)

(3)
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Site Characterisation: Geochronology

Geochronology
(University of Toronto)
• Test the feasibility of U-Pb dating of 

carbonate vein material
• Reconnaissance analyses of U and Pb

contents by LA-ICPMS
• Analyses by isotope dilution thermal 

ionization mass spectrometry (ID-TIMS)

Fluid Inclusions
(University of Bern)
• To identify paleofluids, relative ages in 

calcite vein minerals
• Chemical composition (e.g. salinity, CO2, 

CH4 & higher hydrocarbons) and density 
of the fluids;

• Place constraints on maximum 
temperatures
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Site Characterisation: Mass Transport

Diffusion 
(University of Ottawa)
• Developed x-ray radiography technique to 

determine diffusive transport properties of 
tracers (I-, 3H; Cs)

• Coupled diffusion and ion-exchange using 
reactive transport modelling to quantify 
CEC of intact rock samples.

• Examining influence of anistropy, in-situ 
stress and partial saturation on De

• Exploring applicability of x-ray radiography 
method to low porosity crystalline rock

Sorption 
(Atomic Energy of Canada Limited; 
Southwest Research Institute; 
McMaster University)
• Sorption on sedimentary rocks in Na-Ca-

Cl brines; batch & mass transport
• New program with SwRI focused on 

priority elements (U, Se, As, Tc, Np , Pu), 
in brines under reducing conditions.  

• Peer-review of database and 
development of an evaluation approach

19

Presenter
Presentation Notes
New resources on sorption:SwRI & McMaster



Site Characterisation: Interpretative Methods 

Discrete Fracture Networks
(CEMI & MIRARCO)
• 3-dimensional, geostatistical tools for creating realistic, structurally 

plausible models of fracture zone networks based on field data 
(MoFrac V2.0)

• Validation Aspo extension tunnel (SKB)
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Site Characterisation/Stability: Geomechanics

Coupled THM Processes
(U. of Toronto, McGill University)

• Compressive and shear strength up to 
150˚C; Hydraulic properties under 
coupled thermal (max. 150 ˚C) and 
mechanical conditions

• Program extended to explore 
laboratory scale dependency,  
anisotropy and mineral heterogeneity  
on failure criteria

Excavation Damaged Zone
(Queen’s, ETHZ)
• Improve understanding of EDZ evolution 

and geometry in brittle sedimentary rocks 
• Gain insight on EDZ mitigative measures 

and cut-off design for shafts and 
placement rooms. 

• Verification and monitoring of EDZ profile 
for shafts and tunnels
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EDZi

EDZi

EDZi

EDZi

0.25m slot thk. 0.75m slot thk.Cut off slots

cut off
slot

connection

cut off 
slot

Cut 
off 
slot

EDZi

Presenter
Presentation Notes
Some techniques easy—others more challenging



Stability: External Perturbations

22

Long-term Climate –Glaciation

Glacial System Model (GSM)

Stuhne and Peltier (2015)

Presenter
Presentation Notes
Note that this long-term Geomechanical stability addresses a need identified in the Director’s review.



Stability: External Perturbations

Seismicity
(Geological Survey of Canada)
• Continued support of seismic monitoring 

conducted by the Canadian Hazards 
Information Service

• Neotectonics: Document methodology 
for paleoseismic investigations, including: 
sub-bottom profiling, coring and rational 
for selecting surface water bodies to 
identify soft-sediment deformation that 
may be related to paleoearthquakes
during the Holocene (~last 10,000 years)
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Geomechanical Stability 
(Itasca)
• THM numerical simulation to explore long-

term stability of placement rooms based 
on APM Mark I/II design in sedimentary 
and crystalline settings (1Ma)

• Assess extreme perturbations arising from  
long-term strength degradation, gas 
generation, thermal expansion, rare 
earthquakes and cyclic glacial loading. 

Peak temperature  97oC

Temperature          Principal Stress tensor                     Fractures

Presenter
Presentation Notes
Note that this long-term Geomechanical stability addresses a need identified in the Director’s review.



International Collaboration
• Greenland Analogue Project

(SKB, Posiva, NWMO)

• Äspö/ONKALO URL’s
• POST Project 
• LASGIT Experiment
• EBS Task Force

• Mt. Terri (Switzerland) 
• Full Scale Emplacement (FE)
• Diffusion/Mass Transport (DA)
• Microbiology
• Corrosion (IC)
• Natural Analogues (DB)

• NEA “Clay Club”
• Catalogue of Clay Characteristics 
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• Fractured Crystalline Shield Setting 
• Repository Depth 500 m
• Rock Mass Hydraulic Conductivities (10-14 to 10-10 m/sec) 
• Fracture Hydraulic Conductivity – (10-6 m/sec)
• Glacial Ice-sheet/Permafrost perturbation
• Mass Transport Advective/Diffusive

Illustrative Case Study - Crystalline  

(Base Case Scenario K ≈10-11 m/sec)

Presenter
Presentation Notes
The Nuclear Fuel Waste Act required Canada’s nuclear energy corporations – Ontario Power Generation, Hydro Quebec and New Brunswick Power to establish a nuclear waste management organization to operate on a not-for-profit basis.Our mission is to develop and implement collaboratively with Canadians, a management approach for the long-term care of Canada’s used nuclear fuel that is socially acceptable, technically sound, environmentally responsible and economically feasibleThe three founding companies, and AECL, were required by the legislation to set up trust funds and make annual contributions to ensure that the money will be there to pay for managing used nuclear fuel over the long term.  Funds were established in 2002 and audited financial statements are posted on the NWMO website.The NWMO has the benefit of an Advisory Council (chaired by the Hon. David Crombie) which comments independently on our work.There is extensive federal government oversight of this National project.Report annually to the Minister of Natural Resources Canada Reports tabled in Parliament All phases of project subject to extensive regulatory oversight by federal regulators that oversee all nuclear operations in Canada
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• Michigan Basin Setting (Paleozoic Sediments)
• Repository 500 m depth
• Groundwater System Characteristics 

• Variable Salinity (TDS 0 - 300 g/L)
• Carbonate Aquiclude (10-14 m/sec)
• Shale cap rock Aquiclude (10-14 m/sec)
• Glacial Perturbations - Resilient/Stable
• Mass Transport Diffusion Dominant (De 10-12 m2/sec)

Illustrative Case Study - Sedimentary  

Presenter
Presentation Notes
The Nuclear Fuel Waste Act required Canada’s nuclear energy corporations – Ontario Power Generation, Hydro Quebec and New Brunswick Power to establish a nuclear waste management organization to operate on a not-for-profit basis.Our mission is to develop and implement collaboratively with Canadians, a management approach for the long-term care of Canada’s used nuclear fuel that is socially acceptable, technically sound, environmentally responsible and economically feasibleThe three founding companies, and AECL, were required by the legislation to set up trust funds and make annual contributions to ensure that the money will be there to pay for managing used nuclear fuel over the long term.  Funds were established in 2002 and audited financial statements are posted on the NWMO website.The NWMO has the benefit of an Advisory Council (chaired by the Hon. David Crombie) which comments independently on our work.There is extensive federal government oversight of this National project.Report annually to the Minister of Natural Resources Canada Reports tabled in Parliament All phases of project subject to extensive regulatory oversight by federal regulators that oversee all nuclear operations in Canada



Bruce Nuclear Site L&ILW DGR 
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Presentation Notes
The Nuclear Fuel Waste Act required Canada’s nuclear energy corporations – Ontario Power Generation, Hydro Quebec and New Brunswick Power to establish a nuclear waste management organization to operate on a not-for-profit basis.Our mission is to develop and implement collaboratively with Canadians, a management approach for the long-term care of Canada’s used nuclear fuel that is socially acceptable, technically sound, environmentally responsible and economically feasibleThe three founding companies, and AECL, were required by the legislation to set up trust funds and make annual contributions to ensure that the money will be there to pay for managing used nuclear fuel over the long term.  Funds were established in 2002 and audited financial statements are posted on the NWMO website.The NWMO has the benefit of an Advisory Council (chaired by the Hon. David Crombie) which comments independently on our work.There is extensive federal government oversight of this National project.Report annually to the Minister of Natural Resources Canada Reports tabled in Parliament All phases of project subject to extensive regulatory oversight by federal regulators that oversee all nuclear operations in Canada



• Paleozoic Age Sedimentary Sequence 
• Michigan Basin (Eastern Flank)
• Repository Horizon 680 m

• Argillaceous Limestone (27 m)
• Shale Cap (200 m)

• Environmental Assessment - April 2011

• Federal Joint Review Panel
• Public Review May 2013
• Public Hearing November 2014
• Recommendation May 2015

• Federal Government Decision 2016

• Earliest in-service date 2025 

OPG’s L&ILW DGR: At A Glance 
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Presenter
Presentation Notes
The repository itself is located in Paleozoic age sediments along the eastern flank of the inter-cratonic Michigan Basin.  Within the 840 m thick sedimentary sequence the unbackfilled repository was purposely positioned at a depth of 680 m within a massive argillaceous limestone overlain by 200 m of indurated illitic shales to improve natural passive safety.  The groundwater system enclosing the repository within these low permeability sediments is diffusion dominated.   An Environmental Assessment and Construction License application for the repository – all publically available - was submitted in April 2011.  Public review and hearings – that included written responses to over 600 questions plus 32 hearing days in the community - were completed in spring 2013 and fall 2014.  What is perhaps not as visible in all this though was the important role of pioneering research and international collaboration fostered in forums like this that lead to a compelling DGR safety case as measured by extensive public review – one of the most extensive in Canadian history.        The final Joint Review Panel report with a recommendation to the Federal government on whether to approve the DGR EA is expected soon – early next May.  If approved by the Federal Government – an early 2016 timeframe - this repository would be the first of its kind approved in Canada.  The earliest in-service date would be 2025. So you can expect news again soon from the Canada – stay tuned. With this I’d like to thank you for your attention.  The NWMO welcomes the opportunity to be involved in this conference – and wishesthe conference organizers and you all success during the following days. Thank you.              
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2009

2010

2016

DGR 1-2 complete (Nov/07)

2011

2005

2006

2007

2008

EA Scoping Hearing (Oct/06)

EA Track announced (Jun/07)

EA Project Description (Dec/05)

Positive Community Poll (Feb/05)

V1 Safety Case complete (Mar/09) 

DGR 5-6 complete (Jun/10)

EA Guidelines issued (Jun/08)

Submit Preliminary Safety Report (Mar/11)

V2 Safety Case complete (Oct/10)

Preliminary Design Report (Feb/10)

Conceptual Design Report (May/08)

EIS Submission 
(Apr/11)

EA Accepted 
and Federal 
Government decision 
(assumed)

2002-2004 Feasibility, Alternative Media studies

Phase I site investigations 
initiated (Sept/06)

Phase IIA initiated (Mar/08)

DGR 3-4 complete (Dec/08)
Phase IIB initiated (Jan/09)

Bruce DGR Project Timeline 



Regional Geology
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Michigan Basin Geology
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Existing Excavation Knowledge
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Favourable Geologic Site Features 
● Predictable:  horizontally layered, undeformed sedimentary shale and 

limestone formations of large lateral extent.
● Multiple Natural Barriers: multiple low permeability bedrock formations 

enclose and overlie the DGR.
● Contaminant Transport Diffusion Dominated: deep groundwater regime is 

ancient with low permeabilities and hydraulic conductivities, and shows no 
evidence of glacial perturbation or cross-formational flow.

● Natural Resource Potential Low: commercially viable oil and gas, salt, and 
base metal reserves not present.

● Seismically Quiet: located in a seismically quiet portion of the craton; 
comparable to stable Canadian Shield setting.

● Geomechanically Stable: selected DGR limestone formation will provide 
stable, virtually dry openings.

● Shallow Groundwater Resources Isolated: near surface groundwater 
aquifers isolated.

33



DGR Layout and Borehole Locations 
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Site Characterisation Activities: Summary 

• III Phase Site Characterization 
program (2006-2011)

• Drilled six deep boreholes 
(4.7 km): 4 vertical, 2 inclined

• 2-Dimensional seismic 
imaging survey (20 km)

• Installation of micro-seismic 
(M~1) monitoring system

• Borehole testing: Geophysics/   
Hydraulic (80+)/Geochemical 

• 1000+ Rock Core Samples

• Borehole multi-level  
instrumentation
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Geosynthesis Structure

Geosynthesis

Long-Term 
Geomechanical 
Stability Analysis

Neotectonic 
Features and 

Landforms 
Assessment

Three-Dimensional 
Geologic 

Framework Model

Glacial Erosion 
Assessment

Karst Assessment

Long-Term Climate 
Change

Hydrogeologic 
Modelling

Excavation 
Damaged Zones 

Assessment

Analogue Study of 
Shale Cap Rock 
Barrier Integrity

Outcrop Fracture 
Mapping

Seismic Hazard 
Assessment

Regional 
Geomechanics –
Southern Ontario

Regional Geology –
Southern Ontario

Regional 
Hydrogeochemistry

Descriptive 
Geosphere Site 

Model
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BRUCE NUCLEAR SITE ATTRIBUTES
• Sedimentary bedrock formations 

undeformed and traceable at site scale

• Formation thickness/strike-dip (0.6%) 
consistent within DGR footprint -
predictable

• Barrier bedrock formations possess
low K (<10-13 m/s), low De (<10-12 m2/s)  
and low porosity (0.01-0.08)

• Saline groundwater domain 
(TDS 200-300 g/L)

• Geomechanical properties/setting –
relatively high strength (110 MPa)

• Natural resource potential low

• Area of low seismic hazard

• Solute transport is diffusion dominated

37



International Comparison 
Property/Parameter

Callovo-
Oxfordian (Bure)†

Opalinus Clay 
(Zurcher 

Weinland) †

Opalinus Clay 
(Mont Terri)†

aOrdovician Shale 
(OPG DGR)*

Ordovician Lmst. –
Cobourg (OPG 

DGR)*

Age 158-163 Ma 174 Ma 174 Ma 450 Ma 465 Ma

Present burial depth (centre m) 488 596 275 550 b675

Maximum burial depth (centre m) 850 1650 1350 2550 2675

Over-consolidation ratio 1.5-2 1.5-2.5 2.5-3.5 3-4 3-4

Max. temperature reached during burial (⁰C) 33-88 85 85 c90 c90

Thickness (m) 138 113 160 210 m d27 m

Clay minerals (weight %) 25-55 54 66 25-70 0-20

Physical Porosity (-) 0.14-0.18 0.12 0.16 g0.066 g0.013

Water Loss Porosity
(weight % rel. to dry weight)

8.6 4.0 7.03 g8.0 g2.1

Hydraulic conductivity  IIel to bedding
K (m/s)

5E-13-5E-14 2.4E-14 4.0E-14 e2E-14 – 3E-14 e1E-14

Eff. Diffusion Coeff. De (HTO),
normal to bedding (m2/s)

2.6E-11 6.1E-12 1.5E-11 h4.8E-12 -1.4E-12 h7.8E-13

Eff. Diffusion Coeff. De (I),
normal to bedding (m2/s)

1E-12-1E-11 6.5E-13 4.1E-12 h2.6E-12 -4.1E-13 h4.5E-13

Uniaxial Compressive Strength  (MPa) 21 30 16 f50 F120
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Journal Publications  

Presenter
Presentation Notes
The Nuclear Fuel Waste Act required Canada’s nuclear energy corporations – Ontario Power Generation, Hydro Quebec and New Brunswick Power to establish a nuclear waste management organization to operate on a not-for-profit basis.Our mission is to develop and implement collaboratively with Canadians, a management approach for the long-term care of Canada’s used nuclear fuel that is socially acceptable, technically sound, environmentally responsible and economically feasibleThe three founding companies, and AECL, were required by the legislation to set up trust funds and make annual contributions to ensure that the money will be there to pay for managing used nuclear fuel over the long term.  Funds were established in 2002 and audited financial statements are posted on the NWMO website.The NWMO has the benefit of an Advisory Council (chaired by the Hon. David Crombie) which comments independently on our work.There is extensive federal government oversight of this National project.Report annually to the Minister of Natural Resources Canada Reports tabled in Parliament All phases of project subject to extensive regulatory oversight by federal regulators that oversee all nuclear operations in Canada



Joint Review Panel Public Review Process
• DGR Submission April 2011 
• Public Review Phase Completed

(Feb 2012 - May 2013)  
• Public Hearings

• Sept 16 - Oct 12, 2013 (22 days)
• Oct 28 - 30, 2013  (3 days)
• Sept 8 - 18, 2014 (8 days) 

• Panel Recommendation
• Submitted - May 6, 2015 

Statistics:
• 585 IRs (+ 2 more follow-ups) [93 Geosciences]
• 23 undertakings from the Technical Info Sessions
• 27 undertakings from the 2013-2014 Hearing Sessions
• 300 Interveners

CEAA Document Registry - www.ceaa.gc.ca

DGR Licence Submission – Public Review

40



DGR Licence Submission – JRP Report
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“OPG presented a safety case for the DGR.
The Panel is of the view that the safety case
for the project is strong because of:

• the highly suitable geology;
• the nature of the waste;
• robust engineering design;
• built-in, long-term safety features;
• good long-term performance under normal 

condition, including glaciation; 
• acceptable risks under unlikely, ‘what if” 

scenarios; and 
• demonstration of passive containment provided by 

natural geology in other settings (natural 
analogues)”

“The Panel agrees with OPG that the DGR
is the preferred solution for the long-term 
management of L&ILW.” 



Thank You

Tobermory, Ontario

42


