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Pan-Canadian SMR Roadmap

SMR Roadmap is charting a national path forward for SMRs
* [ne year, multi-stakeholder effort

 [anada, 4 Provinces, 2 northern Territories, 5 electric i SaskPower
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SMRs being considered for Canada ...

Latest news on CNL’s invitation to demonstrate SMR technology
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Partners in New Brunswick Power’s SMR Proiect
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SMRs in Canada

Potential End-Users of SMRs
Small northern communities

* Remote mining establishments

Remote military facilities

Dedicated facility power

VSMR Designs in Review in Canada

* 6 out of 10 SMR designs in pre-licensing vendor design review
with the Canadian Nuclear Safety Commission are vSMRs

* Core types: IPWRs, high-T gas reactors, molten lead reactors,
molten salt — thermal and fast reactors, solid core reactors
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Challenges for SMRs

* SMRs present unique characteristics with benefits and challenges

* Nuclear safety, security, and safeguards have strongly overlapping regimes
and must be optimally integrated

e Security and Safeguards by Design is desirable and necessary for
development of SMR technology

 The adopted safety requirements, security recommendations, and
safeguards approaches must be chosen in an integrated manner, using a
balanced, graded approach.

1. Pre- ..
conceptual 2. C:I:Illtfepl.'llﬂl Shww
Tt esign ign
+ Define material + Confirm design = Review detailed * Review as-bult
balance areas and ~ can meet facility design status
key points safeguards goals  « Confirm safeguards » Confirm safeguards
+ [mitial diversion + Confirm design system meeis system performance
path analysis supports safeguards requirements
+ [dentifyy project msirumentation
safeguards risks * Repeat diversion
« Designer proposes  path analysis
a safeguards
approach
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SMRs in Remote Locations with Limited Access

Impact on Security:

* Benefit: limited access mitigates likelihood of attack

* Challenge: may be difficult to have enough
manpower to ensure full protection against attacks

Impact on Safety:

* Benefit: remote location mitigates impact on
populated areas in case of radiological release,
further mitigated when the core is a subterranean
installation.

* Challenge: may be difficult to have external
emergency services present in a timely fashion
when needed.

http://terrestriaIenergy.com/imsr-technology/ .
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Potential Large Number of SMR Sites

Safety/Security/Safequards & Cyber Security

 Distributed generation/operation: power generation at point of
consumption

* SMRs lend themselves to distributed operation: many sites over a
large geographic area, all requiring safeguards inspections, all
requiring safety and security infrastructure.

* Capitalize on 3S safe and cyber secure remote monitoring mated
with centralized 3S cross functional response capable of
responding within a required time period.

http://www.bloomenergy.com/fuel-
cell/distributed-generation/
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SMRs with Long-life Reactor Cores, Possibly Sealed

Impact on Security:

* Benefit: reduced core access mitigates success
of attack on the core.

* Challenge: maintaining vigilance against attack
during the lifetime of the core.

Impact on Safety:

* Benefit: where the core seal provides
containment against radiological release.

* Challenge: maintaining safety across the entire
range of plant states of the core

http://terrestrialenergy.com/imsr-technology/
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SMRs with Smaller Fissile Inventory

Safety/Security/Safequards:

* Core loads are small compared to conventional power reactors,
reducing source material in accident scenarios, and providing an
additional barrier to diversion/misuse.

 However, nuclear devices using supporting materials such as
neutron reflectors can achieve critical mass significantly below
standard Significant Quantity (52 kg U, or 10 kg Pu)

* [tis tempting to reduce security infrastructure and safeguards
approaches in a graded approach to individual sites.

 The number of SMR sites deployed over time must be considered.
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SMRs with Advanced Fuel Cycles
Safety/Security/Safequards:

* Requires significant analysis to determine best safety
requirements, security recommendations, and safeguards
approach

* Important to employ “Safeguards by Design” and “Security by
Design” at the earliest design stages, while complying with safety
requirements (“Safety by Design”).

Advanced
Recycling Center

ﬁ‘-‘h':'-ﬂ P
P — —
E Electricity - — T—
rrr
- ] Fission Products

Uranium Fuel Nuclear Snent Fual Ad od Nuclear Euel Geologic
Mining Fabrication Power Plants % pentrue ?;,__E._micr']g Recyding Repository

Reactar Center

http://gehitachiprism.com/what-is-prism/how-prism-works/
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Challenges for Transporting Sealed Cores

Safety and Security Issues:

SMR design must maintain the integrity of core in
transport

Other challenges:
* Inspection/evaluation of fitness for transport/service
* Maintaining sub-critical arrangement during transport

* Payload size/weight, encumbered by shielding
requirements

e Limitations of local transportation infrastructure
* Maintaining robust security monitoring during transport
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The Interface between Nuclear Safety and Nuclear Security

1. Safety is necessary, but not adequate to protect nuclear or other radioactive material
from theft, sabotage, or other malicious acts.

2. Security is necessary, but not sufficient to protect people or the environment from a
radioactive release caused by malicious acts.

3. In most cases, safety and security are not mutually exclusive, and have to be managed
in an integrated manner.

4. The acceptable risk to workers, the public, and the environment cannot be different,
irrespective of the cause of the initiating event of a radiological release.

Security Safety
Security Analysis Risk/Hazard Analysis
Environment, Risks, Threats, Countermeasures System Boundary, Probabilities, Effects,
& @im
Security Design Safety Design
Secure components, Interaction, Procedures Safe components, Interaction, Procedures

@
@

Realization, Validation, Commissioning jointly

@
(@

One possible unified approach to nuclear safety and security

B. Heinz-Peter, S. Freddy, “Interface between nuclear safety and security”, Operation| Operation

Journal of Polish Safety and Reliability Association, 5 (1) 9-20 (2014) security Monitoring, Updates Safety Requirements, Reassessment?
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TECHNOLOGY
* Reactor physics

* Thermalhydraulics

* Materials & chemistry

* Degradation

* Fuel & fuel properties :
S M R R& D Safeguards & Security PRSI e e

CNL Capabilities and

OPERATION
Monitoring and inspection
Human performance

REGULATORY SUPPORT DEPLOYMENT
Research Areas Safety & licencing * Economics
Accident scenarios * Hybrid systems
Source terms * Remote deployment
Consequences * Underground structures

Passive safety

ENVIRONMENT & WASTE
* Spent fuel disposal pathways
* LILW waste streams
* Disposal of graphite
* Ecological and human health impacts of
SMR releases
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Canadian Nuclear Research Initiative (CNRI)

Support
Development

Equip the SMR community
with the technical support
required

SMR
Deployment

Accelerate the deployment of
safe, secure, clean, and cost
effective SMRs in Canada

CNL SMR Hub

Achieve CNL’s vision to
become a global hub for SMR
research and development and
demonstration

CNL’s Canadian Nuclear Research Initiative (CNRI) is a program to support collaborative small modular reactors
(SMR) research projects with third-party proponents in Canada. The goal of the program is to accelerate the
deployment of safe, secure, clean, and cost effective SMRs in Canada.

CNRI first in-take launched in July 2019. Seven submissions were received from five SMR industry partners

The seven Canadian Nuclear Research Initiative proposals were received in the following areas:

@ Feasibility Study

Safety, Security and
Licensing

Economics
L

Reactor Physics

CNRI will launch a new intake to the program in early 2020!
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Why Canada? Why now?

World class regulatory framework
Efficient gateway to North American market

Pressing domestic need for the technology

Capable, established supply chain

Government committed to action on climate change
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SLOWPOKE NPD

Canada’s first

=g

9

1962 - 1987

A record of innovation.
A vision for the future.
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SMR

Douglas Point | Life-Extension
A hub for Canada!

Commercial Scale [l Global opportunity

1966 - 1984

www.cnl.ca/SMR
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