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CHAIRMAN'S

MESSAGE

UNENE has faced challenges over the past
year but is optimistic about the future as

we anticipate a transition from the difficult
circumstances of the COVID-19 pandemic.
UNENE’s members offer guidance and
oversight to the management team through
our Board of Directors and advisory
committees. The organization has effectively
managed the challenges of the pandemic,
adapting programs to continue delivering
successful results. We are looking forward to a
resurgence in university activities as we move
past the pandemic.

The nuclear sector is responding with
increased urgency to the demand for clean
energy, leading to growing interest in the
work of UNENE. To play a role in the nuclear
community, UNENE will focus on acting as a
collaboration hub, reaching out and working
with other organizations in the sector. The
Board approved UNENE’s Business Plan at
the beginning of the year, which emphasizes
this approach. The Business Plan has been
translated into a three-year implementation
plan, supported by the Board, and received
detailed operational feedback from our
Research Advisory Committee and Education
Advisory Committee. This report provides
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Jatin Nathwani
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further details on UNENE’s implementation
plan.

UNENE maintains a strong financial status, and
while our research programs continue, there
have been some limitations due to restricted
student work. However, our education
programs are steadily increasing enrollment,
providing a sustainable foundation.

Our members remain fully engaged with the
network. This year, the UNENE management
team produced a Benefits report,
demonstrating the various ways in which

the network supports our members, and the
opportunity for us to engage in discussion,
information-sharing, and planning together.
Our Annual UNENE R&D Workshop serves as
a key opportunity for this, and although it
was held online this year, it provided valuable
insights into our activities. | would also

like to highlight the strength of our UNENE
student teams. Their enthusiasm, creativity,
hard work, and resourcefulness have been
significant this year, and their contributions
at our workshop demonstrate that the future
of the nuclear industry is in good hands. |

am looking forward to UNENE’s continued
progress in the coming years.
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PRESIDENT'S

MESSAGE

Jerry Hopwood

UNENE President & CEO

Looking back at the year 2021-22, we witnessed

another challenging year in Canada as

society gradually started transitioning to a
“post-pandemic” environment. During this
period, UNENE continued in an online format
as in-person meetings remained restricted.
I’m pleased that our operations continued
effectively, delivering our education program
courses and R&D support while maintaining
financial health. In fact, UNENE emerged from
the year with positive momentum, completing
our Annual R&D Workshop online for the
second year, with strong attendance and well-
received presentations by our researchers and
students.

The nuclear world continued to develop
positively throughout the year. In Canada,
important progress was made towards new
projects in Ontario and New Brunswick, while
Alberta became the fourth province to join the

provincial MOU investigating the deployment
of Small Modular Reactors. Our nuclear fleet
continued its excellent performance, while
innovations in isotope production are being
introduced to bring benefits to the medical
community. This provides an encouraging
backdrop for UNENE’s activities. Despite

the impact of the pandemic, UNENE’s
business planning has moved into detailed
implementation following the approval of
our five-year Business Plan by our Board of
Directors, setting us on a course to fully meet
UNENE’s mandate, adapting to circumstances
as the pandemic eases.

By the spring of 2021, the UNENE team and
member organizations had adapted to the
unusual situation of the continuing COVID-19
pandemic, continuing throughout the year
and delivering our full scope of activities.
The UNENE M.Eng (Nuclear) program



continued with the full set of courses for the
year, delivered online. Our courses have all
been delivered successfully, with students

able to fully complete and earn credits, and

we received good feedback from both our
instructors and learners. We look forward to the
opportunity to return to in-person teaching, but
the online experience shows us new avenues to
deliver nuclear education in the future.

The UNENE university researchers have

also responded to the more limited working
environment and adapted their work scopes
to enable students to continue their work in
support of overall research goals, with less
in-person lab time. While some research

has been delayed, overall momentum has
stayed strong. UNENE continues to sustain

our research portfolio and has renewed two
Research Chair programs with NSERC support,
successfully navigating the changed NSERC
funding framework. UNENE has also completed
review and planning for the successful
university individual projects following our call
for proposals last year. We look forward to a
thriving research activity.

o | 6

BUSINESS
PLANNING

Our business plan
maintains &
strengthens our
research activities

RESEARCH

UNENE supports
the research work
of our member
universities
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UNENE has maintained a solid financial
position while continuing to grow our outreach
activities, acting as a collaboration hub.

This has put us in the position to add to our
resources in the coming year and strengthen
our abilities to manage operations and

reach out to our stakeholders, continuing to
professionalize our communications. We also
see the growth of interest in UNENE, with two
additional universities preparing to apply for
membership - a good vote of confidence. Our
investment of effort into collaboration work
with stakeholder organizations is starting

to bear fruit. Collaborative work is building
with the Nuclear Innovation Institute and the
Canadian Centre for Nuclear Sustainability,
adding to our already strong collaboration with
the CANDU Owners Group.

This Annual Report summarizes key activities
and examples of our research progress, and |
hope that this shows the encouraging status

of our network. | feel very positive about

our future, as UNENE strives to serve all our
members in support of the nuclear community.

EDUCATION OUTREACH

Focused on
industry-university
partnership to supply

highly-qualified
graduates

Seeing an increase
interest & demand
to build working
relationships.

Picture of Bruce Nuclear Power Plant
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OUR ENVIRONMENT

In the 2021-22 period, contrasting themes
emerged that were important to UNENE.
First, there was the continuing COVID-19
pandemic, with initial signs of transitioning
out of the severe social and organizational
impacts. Second, there was the continued
growth of concern over climate change, with
the development of an objective of “net-zero’
greenhouse gas emissions by 2050, and the
parallel gathering of support for nuclear
energy as a clean solution.

)

Looking back, our UNENE team worked fully
online for the full year, meeting only through
then-familiar online mechanisms such as
Zoom, Teams, and Webex. Our researchers
and educators remained highly constrained
in their ability to work in person as the
unpredictable nature of the pandemic and
its health impacts progressed. By the end of
the fiscal year, we could see the beginning
of a return to more traditional work ways.
However, the working world had probably
experienced permanent changes, and UNENE
was adapting in parallel with society more
generally.

The impact of climate change represented a
longer-term challenge. However, recent years
had underlined its crucial consequences for
society, particularly the energy sector. This
led to a serious reconsideration of the value
of nuclear energy as a clean technology. In
2018, the Federal Government sponsored

the development of an SMR Roadmap, a
groundbreaking document that outlined

pathways to bring innovative new nuclear
technologies into deployment in Canada.

In 2021, this was followed up by the SMR
Action Plan, wherein the government
compiled the many activities and initiatives
across the nuclear sector to bring about this
future. UNENE was pleased to play our part
and contribute to both these foundational
documents, and we saw our work in R&D
and education supporting new nuclear
deployment across Canada.

These two themes created a push-pull for
UNENE and underlined the importance of
strategic planning for our network.

Our immediate priority was to sustain

UNENE’s operations during the pandemic.

We focused on supporting our R&D leaders

to continue their work and on maintaining

our M.Eng program and associated courses
through online learning. It was encouraging

to see that these activities all continued
successfully through the year, and that we
were well positioned to adapt as the pandemic
impacts subsided.

Our longer-term priority was to prepare
UNENE for a growing nuclear future as the
nuclear sector and our members moved

ahead with an increasing portfolio of plans
and projects. This involved completing our
Strategic Business Plan and developing an
operations plan for the next three years to fully
deliver on UNENE’s mandate.
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UNENE PLANNING FOR

OUR FUTURE

During the previous year, 2020-21, UNENE
began developing a new strategic business
plan, focusing on how UNENE could fully
meet its mandates in R&D, education

and training, outreach, and fostering the
development of credible, qualified nuclear
expertise. UNENE collaborated with Jacquie
Hoornweg, an accomplished nuclear strategy
and communications expert, to develop key
directions and themes and consulted with our
industrial and university members to gather
and incorporate their viewpoints. These
sessions provided tremendous insight for our
business plan, optimizing UNENE’s capacity to
deliver the greatest value in its education, R&D
and outreach programs. In parallel, UNENE
prepared a value assessment report for
members, providing an overview of UNENE’s
programs and operations’ contribution to
support member priorities and outlining the
leverage that member funds obtained. All

the input was consolidated into a cohesive
business plan, which was presented to the
UNENE Board of Directors in May 2022.

With the approval of our Board, this became
the governing planning approach for UNENE,
via an implementation plan for the next three
years. UNENE was then on an ambitious but
practical footing to thoroughly take action in
all the areas of our work. There was a lot to
do over the next years, so UNENE planned to
add to our resources in the coming period, to
strengthen operations and communications.

The UNENE Business Plan started with a vision
of UNENE’s value in the future (see attached
figures) and centered on three themes:

= Program effectiveness: This included
needs assessments and gap analysis
of our existing program areas, such as
education delivery and collaboration
facilitation, and ensuring sustainable
and valued R&D and education results

w [nfrastructure Development: This
included the development of R&D
and education mapping across
the university sector as well as
development in areas of UNENE
governance, communications and
digital capability

= |mplementing the UNENE Collaboration
Hub: This included strengthening our
funding and collaboration mechanisms
and actively engaging our member
organizations and stakeholders
in working together on common
initiatives.

Working with this vision and based on the
business plan objectives, UNENE developed
an operations plan for the next three years

to putin place a strong foundation for
evolving as the nuclear sector developed and
maintaining effectiveness in our ongoing R&D
and Education programs.
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YEAR IN REVIEW

In parallel with our business planning, and adapting to the higher needs for remote work
processes, UNENE continued our planned activities this year. This involved:

= Continuing university R&D projects and initiating projects from the 2020 round of
university proposals.

= Delivering scheduled M.Eng and introductory courses.

= Expanding outreach and communications activities steadily.

= Providing support for universities in their nuclear development.

Despite the limitations on in-person meetings, we still managed to engage very closely with
the UNENE member organizations, and we saw a steady strengthening of relationships across

the nuclear community. By the end of the year, UNENE was positioned to adapt to the scaling
back of pandemic restrictions and further bolster member relations and programs.
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NETWORK OPERATIONS

The UNENE Board of Directors held Board
meetings in May, September, and January
as per our customary schedule. This year,
we held Research Advisory Committee and
Education Advisory Committee meetings
before each Board meeting, enabling a

full discussion of the progress of UNENE’s
programs under the pandemic restrictions
to provide full input to the Board. The Board
approved UNENE’s Business Plan in May and
approved UNENE’s implementation plan in
September, giving the UNENE management
team and members a clear vision for our
work. All of the Board and Committee
meetings were held online and enabled full
discussion and decision-making through our
online platforms. We learned a great deal
about how to operate effectively by applying
the emerging remote meeting technology,
enabling a seamless transition of our
governance processes.

Regarding the Members meeting, the
UNENE annual members meeting was
held on September 24, 2021, and reviewed
our year, including the approval of two
new applications for membership in the
network, from the University of Manitoba
and University of Cordoba (Argentina). We

welcomed our colleagues from these two
institutions, with distinguished historical
connections to our Canadian nuclear
community.

In terms of the financial summary, the
annual members meeting also reviewed
our financial performance for the previous
fiscal year, along with our Auditor’s Report.
We were pleased to confirm that UNENE
navigated the COVID-19 experience in
good financial health, with funds gradually
accumulating as university spending was
slightly slower than forecast. Our auditors
provided a positive bill of health for UNENE,
continuing our robust track record. Full
details of our financial performance are
included in the final section of this report.
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OUR ROLE IN THE CANADIAN
NUCLEAR ENVIRONMENT

UNENE is distinct as a representative of nuclear academia, primarily in Canada but with
international connections, interacting with industry and collaborating with the other
organizations within the nuclear industry ecosystem.

We do not seek to become an exclusive portal between individual universities and
their industry stakeholders. Our role is to guide, advise, coordinate, build multi-party
collaboration and serve as an expert advisory service and coordinating organization in
keeping with our mandate.

UNENE MEMBER UNIVERSITIES

RESEARCH, CAPACITY BUILDING & OUTREACH

RESEARCH GOVERNMENT
LABORATORIES VISION & FUNDING

UTILITIES INDUSTRY TECHNOLOGY

VENDORS
Canadian + COG Industry Collaboration
CANDU operators CNA Policy Leadership SUPPLY
internationally N, CCNS, CNS, CCNI, IAEA, NEA Initiatives CHAIN
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e == The Pickering nuclear power plant. (Photo: OPG)

Our Mandate

As the centre of a network of universities, industry and government, UNENE’s role
is to harness the strength of the network to fund and advance nuclear knowledge,
build capacity and heighten visibility of Canada’s university excellence as a
contributor to Canada as a Tier 1 Nation and global partner in nuclear science &
technology.

Nuclear Knowledge: Research and Innovation

Together, we are developing the solutions that can strengthen nuclear technology
as an integral part of clean energy systems to achieve climate change goals and
strengthen global prosperity and sustainability and also to harness nuclear
science for other purposes that contribute to health and well-being, including
nuclear medicine.

Capacity: Highly-Qualified People

A core purpose to UNENE’s creation was to ensure a sustainable supply of
qualified nuclear engineers and scientists to meet the current and future needs
of the Canadian nuclear industry through university education, university-based
training and by encouraging young people to choose nuclear careers.

Outreach: Heightened visibility of nuclear university capabilities

Through its outreach and engagement with, and on behalf of, its members

and partners, UNENE serves as a conduit for information sharing amongst the
nuclear sector and between the sector and other parts of civil society. UNENE can
serve as a voice for the nuclear community, collective to elevate awareness of

its university members’ capacity and achievements; to create opportunities for
greater collaboration; and to strengthen awareness of the depth in expertise and
innovation being created within its member institutions.

11
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Research Chair Research Cooperative Annual R&D
Programs Projects Workshop

The Industrial Research Support member universities’ At the R&D Workshop,
Chairs (ICRs) support research work through ICRs UNENESs network of
program-related resource and individual research academia, industry and
costs & research grants. cooperative projects (RCPs). government come together.




Overview:

UNENE continued to support research work

at our member universities through the
Industrial Research Chair programs and
individual research cooperative projects (RCPs).
Additionally, we broadened our collaboration
with UNENE industrial members to facilitate
university support for member programs.

Forinstance, UNENE has established a strong
partnership with the CANDU Owners Group
(COG) Strategic Research Program. We are
currently defining the valuable work scopes that
universities can undertake to support COG R&D
suppliers. Likewise, UNENE is collaborating with
the Canadian Centre for Nuclear Sustainability at
Ontario Power Generation to prepare for a new
round of research projects.

UNENE’s sponsored research programs, which
are summarized below, produce important
results that broadly support our industrial
members and the nuclear community. They also
play a crucial role in training and developing the
next generation of nuclear experts. This year, a
new round of research proposal evaluation was
undertaken and resulted in a significant number
of excellent proposals. UNENE’s Research
Advisory Committee reviewed the proposals
and approved four proposals for financial
support from Queen’s, Guelph, Waterloo, and
Ontario Tech universities. The details of the
projects and the final proposals are currently
being completed. Additionally, UNENE worked
with individual research chairs to support

the program renewals as Chair terms were
completed - an important aspect of providing a
sustainable basis for student development and
research continuity.

University Network of Excellence
in Nuclear Engineering UNENE

Throughout the year, UNENE collaborated with
The Natural Sciences and Engineering Research
Council (NSERC) to lay the groundwork for
NSERC’s support of UNENE projects under the
new NSERC “Alliance Grant” program, which
funds joint industry-NSERC projects. It was
determined that NSERC can offer increased
support at a 2:1 funding ratio for qualifying
UNENE projects, providing additional benefits
to our members. Below is UNENE’s research
portfolio, including ongoing research chair
programs and collaborative projects. Also
included is a selection of research highlights for
2021-22, although we are unable to feature all
the accomplishments of our researchers and
students due to space constraints.

The UNENE R&D activities are overseen by the
Research Advisory Committee (RAC), which
reports to the UNENE Board of Directors.

The RAC held three meetings in May 2021,
September 2021, and January 2022. It

ensures that research progress is effectively
monitored through the individual Technical
Advisory Committees for each Chair program
and research project. The RAC also addresses
major issues that may benefit from advice to
the UNENE management team and Board.
Throughout the year, the RAC discussed various
topics such as linking universities with other
industry SMR participants through the COG SMR
Technology Forum, establishing connections
with U.S.-funded university research programs,
and exploring potential collaborations with
offshore universities.

13
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UNENE Guelph Research Chairin
High Temperature Aqueous Chemistry

The main goal of this research chair is to expand expertise in mission-oriented experimental research
and modeling in areas related to the primary coolant chemistry, moderator chemistry, and steam-
generator chemistry of the CANDU reactor fleet. It also focuses on the geological storage of nuclear
spent fuel. The laboratory has unique expertise in developing and using quantitative thermodynamic
and spectroscopic techniques to understand and model aqueous chemistry in the extreme conditions
found in nuclear reactors and spent-fuel storage systems. Some program highlights include the study
of D20 isotope effects, the study of organic solutes in water up to near critical conditions, and the
study of thermodynamic properties of model actinides and fission products.

Peter Tremaine,
University of Guelph

UNENE McMaster Research Chair in
Nuclear Safety Analysis and Nuclear Reactor Safety and Thermohydaulics

The program encompasses numerous projects in different areas of research and development focused
on nuclear safety experimental and analysis topics. These areas include uncertainty analysis, fuel

and fuel channel integrity, severe accident analysis, in-vessel retention, risk analysis, computational
and tool development, testing and validation, and CANDU applications, as well as advanced reactor
methodologies.

David Novog,
McMaster University

John Luxat,
McMaster University

UNENE Queen’s Industrial Chair in
Nuclear Materials

The program’s main goal is to understand the materials used in CANDU fuel channels, focusing on the
effects of processing choices and aging mechanisms. The fuel channel consists of the pressure tube,
calandria tube, and spacers, all of which need to be kept separate over the channel’s lifetime.

The research currently focuses on the effects of manufacturing variables on the microstructure and
texture of pressure tubes, the anisotropic creep of Zr-2.5Nb, the plastic anisotropy of Zr-2.5Nb and
Zircaloy-2, the behavior of hydrides in bulk Zr-2.5Nb, delayed hydride cracking of Zr-2.5Nb, and
irradiation-induced degradation of X-750 spacers.

For instance, the program aims to understand the anisotropic behavior of pressure tube material
across a wide range of crystallographic textures and microstructures and to correlate this with the
elongation, diameter increase, sag, and fracture characteristics of pressure tubes.

Additionally, the program is expanding its research on materials to prepare for decisions related to
small modular reactors (SMRs).

Mark Daymond, *co-sponsored by CANDU
Queen’s University Owners Group (COG)

S
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UNENE Ontario Tech Research Chair in
Health Physics and Environmental Safety

This program aims to conduct research and provide training for sustainable nuclear power production
in Canada. It also aims to support international nuclear safety and security efforts. A sustainable nuclear
power industry relies on regulatory compliance, including obtaining a “social license” for refurbishment,
decommissioning, waste management, and the introduction of new reactor technologies. Additionally,
the industry depends on having a skilled workforce trained and engaged with the industry. The
program offers expertise and resources for testing and characterizing advanced real-time instruments,
understanding the scientific reasons behind regulatory requirements in radiation protection and
environmental safety, and utilizing advanced modeling and visualization technology for radiation
protection training, nuclear security, and environmental protection at nuclear power plants.

Edward Waller,
Ontario Tech University

. Kirk Atkinson,
Ontario Tech University

Joint UNENE University of Toronto and Queen’s University Chairin
Corrosion Control and Materials Performance in Nuclear Reactors

The program’s main focus is to enhance our understanding of corrosion processes in steels and other
metal alloys that are used in nuclear facilities. This includes studying the impact of trace impurities,
water chemistry, and radiation. One of the recent areas of study is the long-term effects of corrosion
on waste container behavior.

The program also provides support to Ontario Power Generation (OPG) in addressing ongoing
corrosion issues, particularly those related to Monel. Additionally, it establishes strong connections
with Canadian Nuclear Laboratories (CNL) for current and future collaborative activities. Furthermore,
the program offers advice to OPG on the electrochemical monitoring of a dry storage container for
used fuel at the Darlington Waste Management Facility.

G
Roger Newman, 1; -+ Suraj Persaud,
University of Toronto ‘atv Queen’s University

UNENE Waterloo Research Chair in
Risk Based Life Cycle Management of Engineering Systems

The program’s primary focus is on developing probabilistic models and uncertainty analysis methods

to enhance the aging management and life cycle performance of nuclear plant systems. The research is
driven by practical applications and emphasizes critical nuclear plant systems, such as fuel handling, fuel
channels, safety valves, and fire protection systems. In addition to providing highly qualified personnel
(HQP) to the industry, the program offers valuable training to plant engineers in risk and reliability analysis.
Some of the program’s accomplishments include the development of aging management optimization
tools, machine learning algorithms for modeling plant data, and data analytics methods for extracting fuel
handling (FH) performance data. Lastly, the program is committed to supporting the industry’s needs for
safe and cost-effective power generation and life cycle management of nuclear plant systems.

i

Mahesh Pandey,
University of Waterloo
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UNENE Western Research Chair in
Controls, Instrumentation and Electrical Systems

The research program focuses on two main themes: advanced control systems and performance and
status monitoring for nuclear power plants. Research topics include predictive safety systems, passive
safety systems, intelligent autonomous control and modeling, SCWR (Super Critical Water Reactor)
control, and the adoption of advanced technologies (fieldbus, wireless, FPGA) in plant control systems.

The program team also investigates techniques for pre-accident and post-accident condition
monitoring systems, such as wireless technologies for equipment health monitoring, smart sensors,
and plant environment monitoring during normal operation and under severe nuclear accident
conditions.

The program has gained international recognition as a center of excellence in control, instrumentation,
and electrical systems for nuclear power plants. More than 58 highly qualified personnel (HQP) have
been successfully trained through the program and are now playing important roles in the nuclear
industry in Canada and internationally.

Over nearly 20 years, the program team has established a suite of state-of-the-art research facilities to
create a hands-on environment to train HQP.

¥ " Jing Jiang,

= Western University

- -

UNENE Western Research Chair in
Radiation-Induced Chemistry and Corrosion

One important consideration for public acceptance of ongoing nuclear power production is ensuring
the safe operation of reactors over a long period and developing a reliable system for the long-term
storage of spent nuclear fuel. This involves creating a highly reliable container for storing the spent
fuel. The IRC research program aims to develop a deeper understanding of how alloys corrode under
gamma irradiation. By conducting experiments and analyses, we will gain a detailed understanding of
the time-dependent characteristics of oxidants produced by radiation, the growth of oxide films, and
the rates of metal dissolution.

This research will form the scientific and technical foundation for two key purposes: (1) evaluating the
strength and durability of the proposed NWMO Mark Il container’s weld design for long-term disposal
of used nuclear fuel, and (2) assessing the corrosion performance of CANDU nuclear reactor structural
components, particularly the End Shield Cooling (ECS) systems, to support decommissioning and
long-term disposal planning.

r‘\ 4,
[ = ~ Clara Wren, * co-sponsored by Nuclear Waste
@ £ Western University Management Organization (NWMO)
r‘/J
( )
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Active Research Cooperative
Projects (RCPs) during 2021-22:

Queen’s University Materials
Test Accelerator Facility

v

Computational fluid dynamics analysis of natural convection heat transfer

in volumetrically heated corium melt for CANDU reactors
Marilyn Lightstone, McMaster University

This study utilizes computational fluid dynamics (CFD) to gather detailed information on
the natural convection fluid flow and local, time-varying heat transfer rates at the vessel
wall within CANDU reactors. This information will help to evaluate the suitability of the
fundamental assumptions in the simplified integral codes presently employed in the
nuclear industry for beyond design basis analysis.

Comprehensive model of eddy current based on pressure tube to

calandria tube gap measurement
Thomas Krause, Royal Military College of Canada

The program investigates the formation of hydride blisters in CANDU pressure tubes (PT)
that can lead to cracking. An eddy current (EC) probe is used to monitor the gap within
the PT while in the reactor. The measurement obtained from the EC probe is utilized

to predict the time until contact between the PT and the calandria tube (CT). This
information is important for ensuring the safety and obtaining the necessary licensing
for CANDU reactors.

Evaluation of the effect of ion exchange resin on feeder integrity
William Cook, University of New Brunswick

The purpose of this project is to assess how current ion exchange resin practices affect
feeder integrity, and to establish whether the resin mixtures being used can be improved
to reduce the amount of iron removed from the solution while still meeting activity
transport requirements.

SCC of Ni-Fe alloys and IASCC of stainless steels: Evaluation using

micro-mechanical testing techniques
Suraj Persaud, Queen’s University

The main goal of this project is to use new micro-mechanical testing methods to
assess the Stress Corrosion Cracking (SCC) of Ni-Fe alloys and irradiation assisted
SCC (IASCC) of stainless steels. This research will be valuable to the nuclear industry
as it will provide detailed information about the micro-scale mechanical properties
related to SCC. This will complement previous research on nano-scale chemical
factors that can lead to SCC, such as intergranular oxidation, dealloying, and pitting.

17
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Investigation of irradiated spacer materials (X750 and Zr-Nb-Cu)
Zhongwen Yao, Queen’s University

This project aims to improve understanding of the fracture mechanism of Inconel X-750
spacers located between the calandria and pressure tubes in CANDU nuclear reactors.
The focus will include the following objectives: 1) Developing an analysis benchmark
to examine the size and morphology of cavities in materials irradiated from low dose
to high dose. 2) Establishing an accurate method to measure the percentage cavity
coverage of grain boundary area. 3) Examining the effects of hydrogen on fracture
behavior. 4) Applying standard models to understand the material property changes

of the X-750 matrix. 5) Examining the irradiation-induced microstructures and creep
behavior of alternative spacer material Zr-Nb-Cu.

Methodology development for volume reduction and safe storage and

disposal of solid and liquid radioactive wastes and secondary wastes
(sponsored by OPG)
Clara Wren, Western University

In collaboration with an initiative related to research and development at Ontario Power
Generation (OPG), this project aims to reduce volumes of metallic wastes and safely and
economically immobilize dispersive wastes for interim storage and permanent disposal.

Robotics and automation for optimal characterization for nuclear power

plant decommissioning (sponsored by OPG)
Carl Haas, University of Waterloo

This research project focuses on developing automation and robotic methods,
particularly in environment characterization to assist in the deconstruction of
nuclear power plants. The main objective of this work is to minimize human
exposure during decommissioning activities, which involve demolition, packaging
and removal of debris, and safe storage.
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An optimized graphene oxide membrane for the filtration of tritiated

water (sponsored by OPG)
Mark Daymond, Queen’s University

The research aims to test graphene oxide membranes for filtering isotopes in water,
with a focus on developing a system for effectively filtering tritium from heavy water.
Computational modeling will be used to understand the filtration mechanism and
optimize the membrane through functional additions. Various membrane types will be
evaluated and improved, with plans to scale up from the lab to a pilot plant. The main
goal is to efficiently separate tritiated water from the decommissioned heavy water
moderator.

Waste management and radionuclide monitoring (sponsored by OPG)
Glenn Harvel, Ontario Tech University

This research focuses on three main themes: Low Energy Radionuclide Monitoring,
Waste Capture and Decontamination, and Waste Segregation and Decommissioning
Project Management. The study involves modifying a Gas-ionization type detector
to detect low energy emissions, such as those associated with Tritium and Fe-55.
Various methods for converting tritiated heavy water into a vapor form for direct
injection into a GEM detector have been explored, with the aim of reducing the need
for a much higher gain. The results indicate that either electrolysis or atomization
methods should be employed to maximize the amount of tritium in the vapor
environment.

Electro-Chemistry Lab




The show must go on, and so it did!

The COVID-19 pandemic didn’t stop us as the R&D Workshop is a cornerstone of our work in
connecting academia with industry and government. The online format provided opportunities
to bring new voices to the discussion.

The UNENE annual R&D workshop took place from December 13 to 15 this year as a virtual
event. This continues our tradition of knowledge sharing and learning. We successfully
organized a multi-segment workshop online, which attracted 123 UNENE members and
invited guests. We also hosted an online poster session, allowing UNENE students to present
their work to a wider audience. The workshop included sessions to review the impact of our
research programs, insights from guest speakers, and input from our industrial members. We
had the opportunity to hear from Women in Nuclear, Idaho National Laboratory, and one of
our prominent UNENE M.Eng alumni, who were all able to motivate and inspire our students
and researchers.
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M.Eng. Program

The M.Eng. programis not like
industry training — it is university
education at the graduate level,
with commensurate effortand
accomplishments. A course-based
degree for the working professional.

G

Education Advisory Committee

The Research Advisory
Committee is comprised of
industrial members with the
primary focus of vetting Chair
programs and research projects.

NEM School

Nuclear Energy Management
(NEM) School program focused
on managerial & technical
competencies that are required to
support national nuclear energy
strategies.
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UNENE M.Eng. Degree:

The M.Eng program continued with the full scope
of course delivery online while getting ready

for a change to in-person-based learning when
conditions and university protocols changed.
UNENE prepared a new course for delivery in April-
June, “Introduction to SMRs,” which was expected
to receive strong interest. UNENE continued to
track follow-up actions from the IQAP audit of
spring 2021.

There was increasing interest in the familiarization
courses and short one-weekend introductions to
the key technical topics in our M.Eng program,
pointing the way to providing further capabilities
for professional development for young industry
scientists and engineers. In a parallel step, UNENE
renewed our contract with OPG to deliver a further
series of M.Eng-parallel “Project Management for
Engineers” courses to OPG staff.

UNENE collaborated with member organizations
COG and Ontario Tech University, planning and
completing the groundwork for the first Canadian
Nuclear Energy Management School, delivered in
conjunction with the IAEA. After pandemic delays,
this school was ready to go ahead in May 2022,

Education Advisory Committee:

The Education Advisory Committee (EAC)
ensures that UNENE’s M.Eng and associated
programs are appropriately focussed on
member interests, and nuclear community
capacity needs and addresses major topical
issues that may benefit from advice to the
UNENE management team and Board. The EAC
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with a thorough grounding in nuclear topics over
two weeks, with a Canadian and international
student body.

Highlights of our M.Eng Program:
€9 26 student enrollments
€9 Four courses delivered

€ One QAP review for the Diploma
program and actions underway to
follow up during 2022-23.

o

Exploring online teaching: UNENE
recognized that the necessary

shift to online-only course delivery
during the pandemic had enabled
successful student achievement,
and our instructors had felt satisfied
with learning outcomes. So, UNENE
had started an investigation into the
practicalities of delivering M.Eng
courses online in the future. Further
input was gathered in the past year
towards a pilot online course for
consideration.

met three times during the fiscal year: May 2021,
September 2021 and January 2022. Due to the
pandemic, meetings were held online. Although
we missed the in-person interaction, the

online format enabled meetings to have a wide
attendance, which helped to provide a broad
airing of issues and topics.



In early 2019, UNENE, COG, and Ontario Tech
University launched a plan to host the first
Canadian Nuclear Energy Management School to
be delivered jointly with the IAEA. Preparations
for this school continued through 2019, with an
intended schedule during 2020. The COVID-19
pandemic necessitated a delay to this schedule,
but planning for the school continued.

The dates have been set for May 9th-22nd,

2022 — right around the corner! Twenty-one
enthusiastic participants are set to arrive at Ontario
Tech University: 8 Canadian participants, and

The UNENE Graduate Programs are subject to a
7-year cyclical quality assurance review. Earlier
this year, UNENE completed the first phase of
the M.Eng. program review by preparing and
submitting a Self-Study Report based on the
activities of the past seven years of the program.

In April 2021, the Review Team met online with
UNENE management, professors, and students,
and subsequently produced a final report

University Network of Excellence
in Nuclear Engineering UNENE

¥ Nuclear Engineering
= Management (NEM) School:

13 International participants from 10 different
countries. Their packed 11-day schedule will
feature over 40 presentations on key topics from

an introduction to nuclear power all the way

to technology applications and economics. In
between all the learning, participants will complete
group projects and have the opportunity to visit
Darlington Energy Center and the Ontario Tech
Reactor Simulator.

UNENE looks forward to a successful and fruitful
NEM School delivery and will be very excited to
provide updates and lessons learned!

IQAP UNENE Program Review:

which was shared with UNENE in June 2021.
UNENE developed a list of actions to address the
recommendations made by the review team in
August 2021. These actions are well underway and
UNENE anticipates being able to successfully close
each recommendation over the next 12 months.

UNENE will turn its attention to an IQAP review of

the Graduate Diploma program later this yearin
Fall 2022.
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Due to the COVID-19 pandemic, in-person meetings and contacts were limited, prompting
UNENE and the nuclear community to adapt to online communication and gatherings.
Member universities continued to showcase the work of their researchers and students
through various activities, and UNENE actively engaged with the nuclear sector community,
contributing to discussions at the annual R&D Workshop. Notable events this year included:

v/ UNENE President Jerry Hopwood being an invited speaker at the Canadian Nuclear
Society Conference, discussing “Innovation and the value of nuclear” in the plenary
sessionson JuneT.

v/ Delivery of a chapter of the government-sponsored pan-Canadian SMR Action Plan,
highlighting the work of member universities in studying key topics supporting Small
Modular Reactor (SMR) Deployment.
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v Building strong relationships with other organizations in the nuclear sector, such
as becoming a founding community partner of the Canadian Centre for Nuclear
Sustainability and collaborating with the Nuclear Innovation Institute and CANDU
Owners Group (COG) to support SMR development.

v UNENE also maintained collaborations with international organizations,
working closely with the IAEA through the IAEA-UNENE Partnership
Arrangement and chairing the Association of Nuclear Education Networks in
conjunction with the IAEA.

v Additionally, UNENE supported an innovative multi-university SMART Program
of experiential learning for nuclear engineering students led by McMaster
University.

v UNENE President Jerry Hopwood also participated in a series of webinars by
the OCNI, sharing experiences and insights as a nuclear leader.

Overall, UNENE is recognized as an influential voice for the nuclear education and R&D
community and a facilitator for discussions and joint actions among its members and
stakeholders.
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UNENE STAKEHOLDERS 2021

UNENE has a large network of members, partners and stakeholders, in Canada and internationally. The

relationships vary from representing the holistic university perspective and serving as a communication
conduit between the universities and the broader nuclear community, to proactively supporting

collaboration amongst universities and between universities and industry and/or government.

UNIVERSITY NETWORK OF EXCELLENCE IN NUCLEAR ENGINEERING

CANADIAN

—
I
—
o
-
I
—
o
Lu
-
—
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UNIVERSITIES

INDUSTRY

GOVERNMENT

CIVIL SOCIETY

MEMBER UNIVERSITIES

Ecole Polytechnique
Guelph
McMaster
New Brunswick
Ontario Tech
Queens
Regina
Royal Military College
Saskatchewan
Toronto
Waterloo
Western

Windsor

INDUSTRY MEMBERS
Bruce Power

Canadian Nuclear
Laboratories
(including CNL national lab)

Kinectrics
NWMO
Ontario Power Generation
SNC-Lavalin
OTHER INDUSTRY
STAKEHOLDERS
New Brunswick Power
Canadian Nuclear
Supply Chain
SMR technology vendors
INDUSTRY
ORGANIZATIONS

Canadian Nuclear
Association

Canadian Nuclear Society

Canadian Centre of Nuclear

Sustainability
CANDU Owners Group

Nuclear Innovation Institute

Organization of Canadian
Nuclear Industries

FEDERAL

Atomic Energy
Canada Limited

Natural Resources Canada

Innovation Science and
Economic Development

Global Affairs, Natural
Science & Engineering
Research Council of Canada

REGULATORY

Canadian Nuclear Safety
Commission

PROVINCIAL
Government of Alberta

Government of New
Brunswick

Government of Ontario
Government of
Saskatchewan

Ontario Centre of
Excellence (OCE)

Students
Researchers
Scientists and Academics
Nuclear Host Communities
Indigenous Communities

Government Officials and
Decision-Makers

Energy and Mainstream
Media

Journalists
Regulatory Intervenors

Nuclear Environmentalists
and Activists

Canadian Public

UNIVERSITIES INDUSTRY GOVERNMENT CIVIL SOCIETY
MEMBER UNIVERSITIES INDUSTRY GOVERNMENT Students
Bucharest Polytechnic ORGANIZATIONS CONSORTIUMS feconrchors
International Atomic OECD-Nuclear
NON-MEMBER Energy Agency Energy Agency Scientists and Academics

UNIVERSITIES
North Carolina State
EDUCATION
CONSORTIUMS

Nuclear Technology
Education Consortium
(NTEC - UK)

European Nuclear Education
Network (ENEN)

Electric Power
Research Institute

Government Officials and
Decision-Makers

Nuclear Environmentalists
and Activists

Energy and Mainstream
Media
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BUSINESS PLAN PROGRAM OVERVIEW

The program elements outlined in the business plan aim to enhance the effectiveness of UNENE’s
research and development, education, and training activities. They also seek to establish parallel
initiatives that align with UNENE’s mandate through advancement strategies, which collectively
form the UNENE Collaboration Hub model.

Based on the information provided on page 7, the Business Plan delineates the main goals and
activities for a three-year period starting in April 2021. The plan is focused on fortifying UNENE’s
existing programs, as well as adapting and expanding its role as a liaison between the industry and
universities. Additionally, it aims to position UNENE as a representative for our community within
a broader stakeholder group. UNENE will progress by cementing its role as a collaboration hub
and enhancingits infrastructure, as this role serves as a foundation for all of UNENE’s activities,
including the optimization of current endeavors.

AREAS OF FOCUS

UNENE will be taking steps to further develop its framework, including its structure, human
resources, and governance, in order to optimize the organization into a hub model as outlined

in the business plan. The primary focus of UNENE’s development during this business planning
period will be to enhance the value of UNENE as a collaborative hub. The key areas of focus are as
follows:

+ FUNDING AND GOVERNMENT RELATIONS / ADVANCEMENT STRATEGY

»  The key priorities for UNENE include advancing existing funding
programs, validating focus areas to maintain core capacity, and
seeking stronger funding models for university-industry research
through new industry partners and government programs. UNENE
aims to strengthen its approach to meet societal expectations in equity,
diversity, and inclusion, as well as to build meaningful partnerships
with industry organizations and international partners. Additionally,
UNENE will manage its supported research portfolio by fulfilling
funding obligations and developing multi-partner research projects.
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»

»

»

»

¢ MEMBERSHIP AND PARTNERSHIP STRATEGY

Expand the UNENE collaboration mechanism to include input and
service provision for nuclear technology vendors and suppliers.
Also, gain input and insights from a broader spectrum of the
nuclear industry, including technology vendors, supply chain
companies, and other nuclear industry participants to expand
opportunities for university research, capacity building initiatives,
and funding sources.

+ RESEARCH PROGRAM DEVELOPMENT

Strengthen UNENE’s capacity to coordinate research projects
and overall research collaboration, between and among UNENE
universities and UNENE industrial members.

« EDUCATION & TRAINING

The plan includes the mapping of nuclear education programs in
Canada and with international partners, exploring new delivery
technologies, comparing current education with future needs,
and collaborating on industry nuclear education and training.

It also aims to raise the visibility of education capacity, create
international collaborations, and provide thought leadership in
nuclear education.

+ OUTREACH PLAN

Our initiatives aim to strengthen connections between universities,
industry, and government, with a focus on nuclear research and
education. Our efforts include mapping university programs and
research to build stronger ties with government and industry,
identifying new international partners, facilitating policy
development, sharing best practices, and enhancing the visibility
of nuclear research and education through improved website
functionality and training workshops. Our goal is to mobilize
knowledge, improve communication, and develop policies among
universities to support nuclear education and research.

UNENE’s business plan is a practical, achievable goal that maximizes member and community
value and reach, addressing all key areas. We will continue to build and grow in the years ahead.
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FINANGIAL

STATEMENTS

University Network of Excellence in Nuclear Engineering
Statement of Financial Position

AS AT MARCH 31
2021

ASSETS

Current
Cash S 531,595
Accounts receivable 301,100
Portfolio investments 2,238,602
Prepaids 4,972
3,076,269

Property and equipment (Note 3)

S 3,076,269

LIABILITIES
Current
Accruals 71,139
Deferred fees 250,000
321,139
NET ASSETS
Unrestricted 2,755,130

S 3,076,269

Commitments (Note 4)
Impacts of COVID-19 (Note 6)

These financial statements have been prepared by Grant Thornton, UNENE Auditors.
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University Network of Excellence in Nuclear Engineering
Statement of Operations and
Changes in Net Assets

FOR THE YEAR ENDED MARCH 31

2021

REVENUE
Fees S 1,961,000
Workshops and courses 31,918
Interest income 30,919
$ 2,023,837

EXPENSES
Administration fees S 360,561
Amortization -
Bank charges 339
Insurance 3,726
Office 49,253
Professional fees 13,118
Research expenditures 1,373,408
Workshops and courses 39,865
1,840,270
EXCESS OF REVENUE OVER EXPENSES S 183,567

NET ASSETS

Beginning of year $ 2,571,563
Excess of revenue over expenses 183,567
End of year S 2,755,130
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FOR THE YEAR ENDED MARCH 31

2022 2021
CHANGE IN CASH AND CASH EQUIVALENTS
OPERATING ACTIVITIES
Excess of revenue over expenses S 251,037 S 183,567
Amortization 6,987 -
258,024 183,567
Changes in non-cash operating working capital
Accounts receivable 301,100 (301,100)
Prepaids (19,514) -
Accruals (57,038) 1,165
Deferred fees (92,000) 184,000
S 390,571 S 67,632
INVESTING ACTIVITIES
Purchase of portfolio investments (2,192,704) (2,198,136)
Proceeds on redemption of portfolio investments 1,835,724 1,919,024
Purchase of property and equipment (28,423) -
(385,403) (279,112)
CHANGE IN CASH AND CASH EQUIVALENTS 5,168 (211,480)

CASH AND CASH EQUIVALENTS
Beginning of year 531,595 743,075

End of year S 536,763 S 531,595
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